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S Sehweizerischer Kalibriardienst
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Servizio svizzero di tarmtura

S  Ewiss Calibistion Sarvice

Accredited by e Swiss Accrediaion Senvice (SA45)
The Bwiss Acoreditation Barvice is one of the signetories to the EA

Accreditatlan Ma: SCS 108

Muitilateral Agr nt for the rezogrition of calibration certificates

cient  Cetecom USA Certificate Mo: DT50V3-1090_Juni3
CALIBRATION CERTIFICATE |
Cirject O750V3 - SN: 1090

QA CAL-05.:3
Calibration procedure for dipole valldation kits above 700 MHz

Calibration procedurais)

Calibration dale:

June 08, 2013

T'hiE calibraton cenllicals documents the iracaabiity lo natioral standands, which nealize she physical units of measuramants (S}
| Tha measuramants and i uncestaintas with confidence probabdity are gesan on tha tollowing pages and ana pan of ihe cemfcgle
|

All calbrations hawe been conducted n the obsed lhboatory fnclity: ervilonment temparatung (22 + 33°C and humidity < 705,

Calibratan Equipmen used (METE critical {or calibrabon)

Primary Stardoerds I e (el Date [Cenificaa Mo | Schedulesd Camtion
Powar matar EFPR-4420, GHIT48074 01-Now-12 [Mo. 217-01640) Oci-13

Fower sensor HF 4814 US3IT2E2783 01 -Now-12 Mo, 217-01640) Det-13

Ratananca 20 dB Afbaniiabar Sh. 5058 {20k} 0d-Apr-13 (Ma. 217-01738) Agr-14

Typa-M mismaich combination SM: B047.3 ¢ 0EI2T 04-Apr-13 (Mo, 217-01708) Apr-14

Ralenancs Probe ESI0NV3 Sh 3205 28-Digc-12 (Mo, EE3-3205_Dwei 123} Dec-13

[aES SM. 601 25-Apr-13 (M. DAES-G01_Agr] 3} Agqr-14

Secondarny Slandads 0¥ Chack Dale (in haus) Scheduad Check
Prwer sensor HP 04818 LTS kR bl 1B=Dt-02 fin house chesk Oci=11) In hesigee check: Ocs-13
AF genaraler AES SMTL6 100005 04-Aug-89 [in housa chack Ciet-11) In hoiss check; Cos-18
haatwink Anahiar HP 6753E USarasaas S4008 18 Cet-01 fin house check Ocf-12) In hausa check: D13

Blama Function Signatirs
Cavbrated by Lait Klysner Laborstony Techrican f»? A Jff
f PR,
F
Approved by Katie Pokodc Technical Mansgee

This cal@ralion cardicabe akall ol ba raprodscsd exoapt in full without wnen spproval of the Eboratory.

lagued: June B, 213

Carilficate No: DT50V3-1080_Juni3
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Calibration Laboratory of g Bt bttt
Schmid & Partner ST = sm;:‘::?’;“.ﬂ:;ﬁmm "
Engineering AG % K Sarsid mismern df incabie
Zeughausstrasse 43, 3004 Turich, Switzarand L S Swiss Calibration Service
"‘I'III'I-"
Arcragitad by Me Swiss Accresalion Sarvica (SASH Accreditetion Ho* SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Tiultilatarsl Agresment for the recognition of ealibration cartificatas

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,v.z
MIA net applicable or not measured

Calibration is Performed According to the Following Standards:

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

by IEC 62208-1, "Procedure o 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 OET),
*Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraguency
Electromagnatic 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 Decumentation:
dj) DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:

=  Measurement Congitions: 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,

= Aptenna Farameters 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 orientad
parallel to the body axis.

= Feged Point Impedance and Retum Loss! These parameters are measured with the dipole
positioned under the liguid filled phantorm. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retumn Loss ensures low
reflected power, No uncertainty required.

= Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

= SAA measured: SAR measurad at the stated antenna input power,

s  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 measuremant
multiplied by the coverage factor k=2, which for 2 normal distribution corresponds to a coverage
probability of approximately 95%.

Cedificate Mo: DT750V3-1020_Juni3 Page 2 of B
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Measurement Conditions

DAZY system configuration, as far as net given on pags 1.
DASY Varaion DASYS V526
Extrapalation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Conter - TSL 15 mm wilh Spacer
Zoom Scan Hesolutlan dx, dy, dz =5 mm
Fraquency 750 MHz £ 1 MHz =
Head TSL parameters
The following parameters and calculationa were applied.
Temparature | Permittiviny Canductivity
Nominal Head TSL paramaters p20°C | 41.8 0.68 mheim
Measured Head TSL parameters 220102°C | 40,6 2 B % 0,82 mho'm £ 6 %
Head TSL temperature change during test < 05" - -
SAR result with Head TSL
SAR averaged over 1 cm” (1 a) of Head TSL Gonditian
SAR measured 250 mwW input power 221 Wikg
SAR for nominal Head TSL parameters rormalized o 1W B.56 Wikg £ 17.0 % (k=2)
SAR averaged aver 10 cm® (10 g} of Head TSL condiion
SAR measured 250 MW Inpul power 1.43 Wikg
SAR for noemenal Head TSL parameters normalized 1o 1W 568 Wiko + 16.5 % (ke2)
Body TSL parameters
The following parameters and cakculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 55.5 0,96 mina'm
Measured Body TSL parameters {220+ 0.2)°C 54626 % 088 mho/fm =86 %
Bady TSL temperature change during test < 0.5 5 —
SAR result with Body TSL
SAR averaged over 1 em” {1 g) of Body TSL Condition
SAR measured 250 mW input powes 2.23 Wikg
SAR for nominal Body TSL paramaters normalized to 1W 8.75 Wikg = 17.0 % (k=2)
| saR averaged over 10 cm’ (10 g) of Body TSL condition
| AR measured 250 mW Input power 1.48 Wikg
SAR for naminal Body TSL parameters nommalized to 1W 5.75 Wikg = 16.5 % (k=2

Cartificate No: D7500V3-1080_Jun13 Page 3 of 8
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Appendix
Antenna Parameters with Head TSL
Impedancea, transformad 1o feed point 5350 -04 0
RAelurn Loss - 283 d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4080-221
Retum Loss -32AdB

General Antenna Parameters and Design

|_ Electrical Delay [one direction) | 1.029 ng

After long 18em use with 100W radiated powsr, only a slight warming of the dipole near the feadpaint can be measurad,

The dipole is made of standard semirigid coaxial cable: The cenler canductor of the teeding line is directly connected to the
second arm of the dipola. The antenna is thersfore shor-circuited for DS-signals. On some of the dipeles, small end capa
are added to fhe dipole arms in order 1o improve matching when loaded accarding 1o the position as explained in the
*Measuremeni Conditions” paragraph. The SAR dats sre not affected by this change. The cverall dipole length is still
according 1o the Standard,

Mo excessive Torce must be applied to the dipole arms; becawse they might berd or the sokdered connections near the
teedpoint may be damaged.

Additional EUT Data

Manufacturad by SPEAG
Manufachured on April 04, 2013

Canficate No: DT50V3-1080_Junid Page 4 of B
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DASYS Validation Report for Head TSL

Diare: 06.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serdal: D750%3 - SN: 1090

Communication System: UID 0 - CW : Frequency: 750 MHz

Medium parameters used: f= 750 MHz: o =0.92 S/m; & = 40.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 32 Configuration:
+ Probe: ES3DVS - SN3205: ConvFi(A.28, 6.28, 6.28); Calibrated: 28.12.2012;
= Sensor-Surface: 3mim (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
» DASYSIS2E6(1115); SEMCAD X 14.69(7117)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cuhe 0:
Measurement grid: dx=3mm, dy=Smm, dz=3mm

Reterence Value = 533.221 V/im; Power Drift = 0,10 dB

Peak SAR (extrapolated) = 3.39 Wikg

SAR(T g) =221 Wike: SAR(10 g) = 1.43 Wikg

Maximum value of SAR (measured) = 2,59 Wike

~d_ a4

0 dB =259 Wikg =4.13 dBW/kg

Cortficate No: D7E0V3-1000_Junia Page 5 of B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 05.06.2013
Test Laboratory: SPEAG, Zurich, Switzedand
DUT: Dipole 750 MHz; Type: DTS0V3; Serial: D750V - SN: 1090

Commumeation System: ULD O - CW ; Frequeney: 750 MHz

Medium parameters used: f= 750 MHz: o= 0.98 8/m; & = 54.6; p = 1000 kg/m’
Fhantom section: Flat Section

Measurement Standard: DASYS (IEEEIECYANSI C63.19-2007)

DASYI2 Conlipuration:
+ Probe; ES3DY3 - SMN3205; ConvF6.11, 6.11, 6.11); Calibrated: 28.12.2012;
o Sensor-Surface; 3mm (Mechanical Surface Deteclion)
= Electronics: DAES Sa601; Calibrated: 25.04.2013
o Phantom: Flal Phantom 4,91 Type: QDOOOPL%AA; Serial: 1001

o DASYS2 52.86(1115); SEMCAD X 14.6.9(7117)

Dipole Calibration for Bedy Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 33.221 Vim; Power Drift = (.10 dB

Peak SAR (extrapolated) = 328 Wikg

SAR(1 g) = 2.23 W/kg; SAR(10 g) = 1.46 W/kg

Maximum valoe of SAR (measored) = 2.60 W/ke

-5
-4
-1EDR

“1hon

04dB = 2.60 Wikg = 4.15 dBW/kg

Ceriticats Ne: D75003-9000_Juni3 Paga T ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of \L{:‘fj& G Schweizerincher Kalibrierdienst

Schmid & Partner o 43 c Service suisse d'dtalonnage
Enginearing AG 3 5 Servizio svicoero i taraiura

Taughaussirasse 43, 8004 Zurlch, Bwitzerand €4ﬁp* S Swiss Calibration Servics

Seccracited by the Swiss Accredfataon Servios SAS5)
The Swizs Accreditation Service i one of the signatorfes to the EA
Muhtilateral Agreement for the recognition of calibration certificates

Accreditetion No: SCS 108

Client Cetecom USA Certificnss Mo: DB35V2-4d113_Nowv12
CALIBRATION CERTIFICATE
Oibject DE3sVe - SN 4d113

Calibralion procesdunes)

Caliberation dagec

QA CAL-05.v8

Calibration procedure for dipole validation kits gbove 700 MHz

Movemoaer 05, 2012

Cafibralion Equipmant used (METE crilical lor caliration)

Thies cadbration cerlilicale documants the traceabilily to natioral standards, which reafize the physical units of maasurements (51,
Tha masswremants and the unceranties with confidence probabdily ars glven on the olowing pages and ara past af tha centficas.

Al caliberlicns Neva bean condusted Inha closed IBboraany laciily: environmant tampersiung (22 « 3)°0 and humidity < 70,

This calibration carificate shall not 58 raproducsad secapt in full without weilten spproval of the iaboratony,

Primiary Standands o # Cal Date {Carfilicale ho.) Schedukad Calibration
Power mater EFM-4424 GEITABITIH O-Mow-12 (Mo 317-01640) Cil=13
Powsr sanaos HF B4814 UsareeTed Ol-pen-12 (Mo, 217-016400 Cictetd
Aefarence 20 dB Alienpator S 5054 (20K} 27-Mar-12 (Mo, 21701550 Apr-18
Typa-N mismatch comainalion BN 50472 J 06327 27-Mar-12 (No. 217-01533) Apei3
Reference Frobe ES30WE She 3205 30-Oec-11 (Mo, ESE-3205_Dec11) Dee-12
DAES SN BOT 27-Jun-12 (Mo, DAE4-501_hmn 12} Jdune13
Sacandary Standards o ¥ Check Data (In housa) Schaouled Chack
Power sansor HP BSETA MY A1 3T TA-Oxt-02 in house cheok Oct-11) I hodse chack: Dcl-13
AF penaraior A&S SMT-068 100006 Od-Aug-08 fin houss eheck Oel-11) In houge chack: Ocs-13
Metwork Analyzer HP BS3E UBATANGAE 54206  1E-Dat-07 (in house check Oo-12) Inhouse check: Cca-13

Mama Fumcfion Sigrabure
Calibeated by |erma E-flaaug Lanoraiory Tachnician i I,";

|

Agpeovad by Kalja Pobovic Technical Manager

lopuaid: Movamber 5, 2012

Carilicate No: DEAEVZ-44113_Maw12

Page 1 ol B
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Calibration Laboratory of
Schmid & Partner

Enginsering AG
Zeughausstrasse 43, 8004 Zurlch, Switzedand

Schwelzerischer Kalibriendienst
Servioe sulsse d'émlonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by e Swiss Accrediation Senvice [SAS) Accreditation Mo.: SCS 108
The Swise Accraditation Service ig ane of the signatorias o the EA
Multilstersl Agreement Tor thi recoghilion of calibeation certificates

Glossary:

TaL fissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z
MNIA, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Bate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, Decembar 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 to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Figlds; 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 Decumentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

=  Measurerment 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.

»  Anfenna Parameters with TSL: The dipale is mounted with the spacer to position its feed
paint 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
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurameant at tha SMA connector to the feed point, The Return Loss ensures low
reflacted power. Mo uncerainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty reguired.

= SAR measured: SAR meaasured at the stated antenna input power.

SAR normalized: SAHR as measured, normalized o 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 narmal distribution corresponds to a coverage
protability of approximately 85%:.

Cerificate Mo: DBASV2-4d113_MNovi2 Page 2 of 8
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Measurement Conditions
DASY syatem configuration, as far as not given on page 1.

DASY Version DASYS V5283

Extrapolation Advanced Extrapoiation

Phantam Modular Flai Phantom

Distance Dipole Center - TSL 16 mm with Spacer

Zoom Scan Reaolution o, dy, dz = & mm

Frequency 835 MHz = 1 MHz
Head TSL parameters

The folfowing parameters and caloulations warne appdiad,
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 200 415 0.90 mha'm

Measured Head TSL parameters {220 +02)"'C 420£6% (.92 mhodm = B %

Head TSL temperature changs during test < 0.5°C - -
SAR result with Head TSL

SAA averaged over 1 cm® (1 g)of Head TSL Candition

SAR measured 250 mW inpul power 2.40 Wiy

SAR for nomenal Head TSL parameters narmalzed e 1W 947 Wikg = 17.0 % (K=2)

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

SAR measuned 250 mW inpul power 1.56 Wig

SAR for nominal Head TSL paremeters rarmalized o 1W 6.17 Wikg = 16.5 % (k=2)
Body TSL parameters

The fallowing parameters and calculations ware apgliad,
Temperature Parmittivity Conductivity

Hominal Body TSL paramaters 22.0°G 55.2 0.97 mho'm

Measured Body TSL parameters 220:£02)"C 552+ 8% 0,989 mho/m = 6 %

Body TSL temperature changs during test =06"C - -
SAR result with Body TSL

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

S5AR measurad 250 mW mput power 243 Wikg

5AR for nominal Body TSL parsmeters normalized to 1W 8.57 Wikg + 17.0 % (k=2)

SAR averaped over 10 em® (10 g) of Body TSL noncition

5AR measured 250 mW iInput power 1.61 Wikg

5AR tor nominal Body TSL parameters normalized to 1W 6.356 Wikg £ 16.5 % [k=2)

Ceriicate No: DB3SV2-44713_Movi1 2 Page 3af B
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Appendix
Antenna Parameters with Head TSL
Impedance, trensformed to fead point 224a-180
Return Loss < 31.6 d8

Antenna Parameters with Body TSL

Impadance, transtormed to feed point dF 84 -3.8 0
Raturm Logss - 26.8 dB

General Antenna Parameters and Design

Elecincal Delay {one direction) 1.3%3 ns

After long termn use with 100W radlated power, anly a sfight warming of the dipole neer the feadpoint can be measured.

The dipale |5 made of standard semirngid coaxial cable. The center conductor of the feeding lina is directty connected to the
sexgond arm of the depols, The antenna i therefora short-circuited for DC-signals. On some of the dipoles. small end capa
are acded to the dipole ams in erder to improve matching when loaded according to the position as explained in the
“Measurgmant Conditions” paragraph. The SAR data are not affected by this change. The overall dipole Bangth & =1l
according 1o the Standasnd

Mo excessye force must be applied to the dipole arms, becawsa they might bend or the soidered connactons near the
feedpaint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manufactured an Viay 26, 2010

Carfificate Mo: DB35V2-4d113_Naowv12 Page 4 of 8
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DASYS Validation Report for Head TSL

T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: DE3SV; Serial: DE35VE - SN: 4d113

Communmication System: CW; Frequency: 835 MHz

Medium parameters used: =835 MHz; o= 0,92 mha/m; & = 42; p= [0 k,s;-"rn"L
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: ES3DV3E - SN3205; ConvF{6.07, 6.07, 6.07); Caltbrated: 3012201 1;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.91; Tvpe: QDOOOP49AA; Senal: 1001

DASYS2 52.8.3(988); SEMCAD X 14.6.T(6548)

Diate: 05.11.2012

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube (:
Measurement grid: dx=3mm, dy=5mm, dz=5mm
Reference Valoe = 55.011 Vim; Power Daft = (.00 dB
Peak SAR (cxtropolated) = 3.58 Wikg

SAR( g) = 2.4 Wikg; SAR(I0 g) = 1.56 Wike
Maximum value of SAR (measured) = 2,78 Wike

=&

.l

|

(1 dBE-=2.78 Wikg = 444 dBW/kg

“1ran

Corfilicabe Mo: DEZEV2-44113_MNowl 2 Page & of B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 05,11,2002
Test Laborztory: SPEAG, Zurich. Switzerland
DUT: Dipole 835 MHz; Type: DEASY2; Serial: D835V - SN: 4d113

Communication System; CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.99 mho/m; g, = 55.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS TEEETEC/ANSI CH3.19-2007)

DASYS2 Configuration:
»  Probe: ES3DW3 - SN32035; ConvF(6.02, 6.02, 6.02); Calibrated; 30.12:2011;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electromics: DAES Sn6d 1 Calibraed: 27.060.2012
«  Phamom: Flat Phantom 4 90; Type; QDOOOP49AA; Serial; 1001
= DASYSZ 32.8.3(988). SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: de=5mm, dv=3mm. di=3mm

Reference Value = 55011 Vim; Power Drifi = 0.00 dB

Pesk SAR (extrapolated) = 3.52 Wikg

SARI )= 2.43 Wikg: SARi(10g) = 1.61 Wike

Maximum value of SAR (measured ) = 2,78 W/ike

-4
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Impedance Measurement Flot for Body TSL
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I BT
Calibration Laboratory of SN, Sehwetzerischer Kafibrierdionst
Schimid & Partner Pt Sarviea sulese d'étalonnage
Engingering AG Ty Sarvizio avizzero di taraturs
Zeughaussirasse 43, BI04 Zurich, Swilzerland ?ﬁ)f;\:\\f Swiss Calibeation Service
ey gl
Accredried by the Swiss Accraditation Sordce (SA5) Bocreditation No: SCS5 108

The Swiss Accreditation Service is ana of the signetories 1o the EA
Multiialeral Agreerment for the recagnition of callbration certificates

cisnt  Cetecom USA Cartiticate Mo: DB3SYV2-4d155_Jun13
ICALIBRATION CERTIFICATE

|I:Jtml:t DB35V2 - SN: 44155

Calipration grocedufs) CA CAL-05.v3
Caligration procadure for dipole validation kits above 700 MHz

Caltoration date Juna 06, 2013

This cadbration carficata documente the traceability 1o ralional Standards, which reabze tha physicsd unts of messuremants (1),
The messurements and the uncertainties with confldence probability e givan on the following pages and Bfe pan of he cerilicale.

Ad calioratians have bean conduehed in Ihe clossd laborstory facility: amdronmant temperaire {22 < 3°C and Puimidity < 70%.

Calibration Equipmant usad (METE crilical for caliboation)

| Frimary Standards [ios Cal Dass {Cariificate ko) Shaculed Calibration
Pawer mebar EPM-4424 | GEaT4B0TD O1-Mo-12 (Me 1T E40) Qe-13
Fowar sensor HP B4E1 & | 53T ZA27as O-Men-12 (Mo 217-01840) Ozl-13
| Psfarancs 20 dB Attenuator | sm: 5058 |20k Odedpr-13 [N 217-01736) Ape-14
| Typari mismaich combination | 5M: 50473 f 0BT Oebbigpr-1 3 (Mo, 217-01T738 Apr-14
Raferanga Proba ESS0WE | BN 3205 2B-Dec-12 (No. ES3-3305% Dacta) Dac-13
DAE4 SM: B 26-fa13 {Mo. DAEA-B01_Apris) Ape-14
Seoondary Standarss DA Check Dale (in house) Schadulad Check
Fowar sensor HP BAE1A Y4083 7 18002 {In novss chack Oc1-11) Inmouse check: Ocl-13
FF ganaraior &S SMT-06 1 0000E O A58 (in house cheok Dcs11) InFeuges chask: Osl-13
Malwork Anatyeer HF 8753E USIFIM0Sas 54206 160101 {in nousa check 011 2) In Fpuse check: Ocl-13
Mama Function S natus
Calbraled by: Laif Bhysmear Labomtony Technicoan r;:—'l ;,:'
< %
?. -_"_'_,_..-""
Approved by Kalje Pofcons- Tachnicet Manager /gf&
Iagamd; June B, 2093
This calibeation cerifivate shall not be raproduced axsepd |n full withoul writen spproval of the lsbomdony
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Calibration Laboratory of Ay

Wi, . "
Schmid & Partner S s o
—_—= I
Engineering AG ﬁ“\ﬁ - R eisammasiiss :?::f:
Zaughausstrasse 43, 8004 Zurich, Swilesrland ?.;_ﬁ@“ 5  swiss Calibration Service
Acorediterd by the Bwiss Accredialion Sardce (SAS) Accmdiation No.: SCS 108

The Swiss Accreditatian Service is one of the slgnatories lo the EA
Muttilatarsd Agresment for the recognition of calibratian certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a) IEEE &1d 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 (freguency 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 Condifions: Further details are available from the Validation Heport at the end
of the certificate. All figures stated in the cerificate are valid at the frequency indicated,

» Antenna Parameters with TSL: The dipole iz mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms orented
parallel to the body axis,

= [Feed Polnt Impedance and Raiurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is ransformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncerainty required.

e Elsctrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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 uncerainty of measurement is stated as the standard uncertainty of measuremeant
multiplied by the coverage factar k=2, which for a normal distribution corresponds to a coverage
probability of approximataly 85%;.

Cartificate Mo: DBE3EV2-4d1586_Juni3d Page 20l B
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Measurement Conditions

DASY system configuration, 8 far a8 not given on page 1.
DASY Version DASYS VSRS
Extrapolation Advancad Extrapclation
Phantom Medular Flat Phantom
Distance Dipole Genter - TSL 18 mm with Spacer
Zoom Scan Resolution dy, dy, dz =5mm
Freguency B35 MHz = 1 MHz
Head TEL parameters
The following pararneters and calculations were applied
Temperature Permittivity Conductivity
Neminal Head TSL parameters 220°C 41.5 .80 mha'm
Measured Head TSL parameters (22.0:02)"C 404 £6% 0,94 mhofm £ 6 %
Head TSL temperature change during test =050 —
SAR result with Head TSL
SAR averaged over 1 em® {1 g) of Head TSL Candition
SAR measured 250 mW inpu pawer 2.48 Wikg
3AR for nominal Head TSL parametars namalized 1o 1W 89.54 Wikg = 17.0 % {k=2)
SAR averaged over 10 em” {10 g) of Head TSL candition
SAR measured 250 mW inpit power 1.59 Wikg
SAR for nomenal Head TSL parameters rrmialized to 1W 617 Wikg = 16.5 % (k=2)
Body TSL parameters
Thia following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20'c 55.2 0.87 mhoim
Measured Body TSL parameters (220+02)C 5452E6% 1.00 mhe/m = 6 %
Body TSL temperature change during test < 1.5°G s
SAH result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input powar 2.45 Wikg
BAR for nominal Body TSL parameters normalized o 1W 9.55 Wikg = 17.0 % [k=2)
SAR averaged over 10 err’® (10 g) of Body TSL cordition
SAR measured 250 mW input powar 1.60 Wikg
SAR for nominal Body TSL parameters normalized o TW 6.27 Wikg = 16.5 % {k=2)

Cerlificate Mo: DBIEV2-2d155_Jun13 Page 3of 8
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed lo fead paint 52.20-260
Feturn Loss -2 6B

Antenna Parameters with Body TSL

] frpedance, transformed o feed poinl AT L -4.5 0

Retum Loss - 25848

General Antenna Parameters and Design

| Electrical Detay {ane diraction) 1433 ns

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

The dipcde i mads of slandard samirigid coaxlal cabde. The center conductor of the feeding lhe Is directly connected to the
second am of the dipele. The antenna is therefore shart-circuited for DC-signals. On some of the dipobes, small end caps
are &dded 1o the dipele arms in order to improve matehing when loaded scoording to the poeibon as explained in the
Measurement Gonditions® paragraph. The SAR dala are not affected by this change, The cverall dipole langth is il
according to the Standard,

Mo excessiva force musl be applied to the dipole amms, becauss they might band or the soldersd connections rear the
feedpoinl may be damaged.

Additional EUT Data

Manulaciured by SPEAG
Manufaciured on December 28, 2012

Cartficate Mo DE3SVE-4d155_Junia Page 4 of B
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DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DE3SV2 - SN: 44155

Communication System: UID 0 - CW ; Frequency: 835 MHz

Medium parameters used: f = 835 MHz: o = 0.94 8/m; £, = 40.4: p = 1000 kg/m’
Phantom scction: Flat Section

Measurement Standard: DASY S (TEEE/EC/ANSI C63.19-2007)

DASY 52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012;

Sensor-Surface: Imm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 25.04.2013
Phantom: Flat Phantom 4,901 Type: QDO00OP49AA; Serial: 100]

DASYS2 52.8.6(1115); SEMCAD X 14697117)

Drate: O6.06,2013

Dipole Calibration for Head Tissue/Pin=230 mW, d=15mm/Zoom Scan (7x7x7 )/ Cube 0;
Measurement grid: dx=Smm, dy=Smm, dz=5Smm
Reference Value = 57.245 Vim; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3,78 W/kg

SAR(I g) = 2,48 Wikg; SAR(10 g) = 1.59 W/kg
Maximum valve of SAR (measured) = 291 Wikg

O dB =291 Wiz =4.64 dBW/kg

Carificats Na: DB3EV2-4d156_Jun13 Pags G of B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 05.06.2013
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 835 MHz; Type: DB35SV2; Serial: DB35V2 - SN: 4d155

Communication System: UID - CW ; Frequency: 835 MHz

Medium parameters used: f= 835 MHz: o= | S/m; & = 54.5; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEEC/ANS] CA3.19-2007)

DASYS2 Configuration:
= Probe: ESIDV3I - SNI205; ConvE(6.04, 6.04, 6.04); Calibrated; 28,12.2012;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sna01; Calibrated: 25.04,2013
= Phantom! Flat Phantorm 4 91; Type: QDOOOP49AA; Serial: 100
« DASYS2 5286011150 SEMCADX 14697117

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Messurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 33423 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.62 Wikg

SAR(] g) = 2.45 W/ke: SAR(10 g) = 1.6 Wike

Maximum value of SAR {measured) = 2.85 Wikg

1.5

Va0

0 dB = 2.85 Wikg = 4.55 dBW/kg

Certificate Mo; E3EV2-4d155_Jun13 Page T of &
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Impedance Measurement Plot for Bady TSL

5 Jun TR S9:4B:3E

CHIl 5112 1w Fs NATEIE e -4T4d%0 SL938ET 325,000 BEB HH =
=
Dl
",
(" v }
2/
= P,
i .
\ '
v o
16 -~
Hid
CHZ §id Lo 3 da/REF -20 @B . 21-25767 dB 835,800 AR HHz
g l_\_\-\_--\_ g e W et
| 4 - = 1 T T
C4 , i
4 { ! ! s -t
¢ ..
5 :' A

ETART GI5.800 800 Az STOF 1 B35 640 080 HHE

Certificate Mo: DE3EV2-4d155_Jun13 Pags Aol B



FCCID: 02Z-DZ110

IC ID: 1000W-DZ110 SAR Test Report - Appendix C - Misc Page 26 of 57

Calibration Laboratory of AL, <Ml Schwoizerseher Kalibrlerdisnat

Schmid & Partner o= e , B s minte détalannage
Engineering AG T = ] % 2| € sarvizio svizsero di taraturs

Zeughausstrasse 43, 8004 Zurich, Switzarhing Py TS S swiss Calibrstion Servics

Acoredied by e Swiss Accredfation Senics (SAS)
Thie Swias Accreditation Service is one of the signatories to the EA
Multiateral Agresinent for the recognition of calibration cerilficates

Accreddation No.: SCS 108

Cliant Cetecom USA Certiicate do: D1750V2-1045_Now12
|CALIBRATION CERTIFICATE
Oiject D1 7502 - 5N: 1045

Calibralion procedunas)

Calibration daba:

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Movember 08, 2012

Thia calibrafion cendficabe documents e racashifty 1o malional standerds, which malizn tha physcal units of measuements (51),
The measunamenls and Bie uncertaintess wih conlidence probabiity are givan on the Iolowing pages and e pan of the candicaia,

Cabraton Ecuipmant usasd (M&ETE critical for calibrasion)

All cabralicns haee Dissn condueisd in Ihe cosed Rboralony Bacify: anvronment 1empersture {25 « 5)°C and humidey < 7%,

Primary Standards o Cal Date (Cortficabe Mo.) Sehesdubad Calialian

Poweir metar EPM-L424 GHIT4A07 0L 1 o= 12 {Blo, 217018403 Oct13

Pouwer sensor HP B4E1A USataxaTad 1-Mov12 (Mo, 217-01844) Oct13

Aederence 20 dB Allenusatar SH: 0S| BK) FFMar-12 (Mo 217-01530) Apra3

Type-M rismalch combinalion SN B04T.2 1 DE3ET FTMar12 (Mo #17:01533) Apr13

Aedecence Prabe ESA0VA SN 3806 2011 (Mo, ES3-3205 Decil) [ac-12

[HAE4 She B Fadune12 (Mo, DAE4-B01_Juni2) Jun-13

Socondiry Statxdurs oy Crieck Dataiinbouss)  Bchedued Check

Power senaor HF B4E1A K1 82T 180102 in hoage chack Ocl-11) In Fowese check: Del-13

AF generator A&S SMT-06 | 1D000E (4-Aup-93 fin house chisck Od-11) Ir Fose check: Ocl-13

Metwaork Analyzer HP BFS3E | US3T3305a5 54208 18-0a1-01 (in house chack Oct-12) I hoise check: Ool-13
Marmi Function Signaiure

Calibrated by |erBe E-Meain Labhomaiory Tachniclan I(\] |r"*|

1] B ‘\‘?{"M
Agproved by Kaila Pavovic o

This calibration cerificate shall not be repreduced sacapd in full wihout witien spproval of the labaratary.

Technicad Marager . = ;—ﬁ’;f&

taguad: Movamber B, 2012

Cerflicabe Mo: D1750W2-1045 Nowv12
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Calibration Laboratory of A, Schweizerischar Knllbrierdienst
Schmid & Partner iﬁ%ﬁ_ﬁ S Service suisse l;:'\dl:il:nmgu

Engineering AG Tl € seniio swizzern di taratura
Zeughausstrasse 43, 6004 Zurich, Switnarland iﬂﬁ-‘\? S swiss Calibration Service
Accredited by 1he Swiss Accraditation Sevice (SAS) fccreditation Mo: SCS 108

The Swiss Accreditation Sarvica |5 one of the signatories 1o the EA
Muitileteral Agreament for tha recogniion of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a) |EEE 5td 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, "Pracedure 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

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

Additional Documentation:
d) 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 vald at the frequency indicated.

= Antenna Faramefers with TSL: The dipole is mounted with the spacer to position its feed
paoint exactly below tha center marking of the fiat phantorr section, with the arms oriented
parallel to the body axis,

» Feed Point Impedancs 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 Retum Loss ensures low
reflected power. No uncertainty required,

= Electrical Delay: Ona-way delay between the SMA connector and the antanna feed paoint,
Mo uncertainty required.

=  SAR measured: SAR measured at the stated antenna input power
SAR normalized: SAR as measurad, 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
naminal SAR result.

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

Cartificate No: D1750V2-1045_MNovi 2 Pags 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS | V52,83

Extrapolation Advenced Extrapoiation

Phantam Maodular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resclution e, dy, dz =5 mm

Frequancy 1750 MHz = 1 MHz [
Head TSL parameters

Thee faliawing parameders and cacutations were applisd.
Temperature Permittivity Conductivity

Hominal Head TSL parameters bl o B 40.1 1.37 mhoim

Measured Head TSL parameters (220 +0.8)*C 394+ 6% 1.34 mhovm + & %

Head TSL temperature change during test <0.5°C -
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Conditian

_EAFI measured 250 mW input powar B.B9 Wikg

SAR for rominat Head TSL pammetens rormalizad to 1W 35.9 Wikg = 17.0 % (k=2})

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

SAR measured 250 mW input powar 4.78 Wikg

SAR for nomingl Head TSL paramelers narmalized fo 1W 19.2 Wikg £ 18.5 % (k=2)

Body TSL parameters
The following paramaters and calkulations were applied,
Temperabure Permittivity Conductivity
Mominal Body TSL parameteis 22.0°G 534 1.48 mho/m
Measured Body TSL parametars [220+02)°C 519+6% 1.48 mhoim + &%
Bady TSL temperature change during test =05°C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Candition
SAR measured 250 mW input power 0.41 Wikg

SAR for nominal Body TSL paramaters

nomalized to 1W

37.6 Wﬂtg = 17.00 % (k=)

SAR averaged over 10 em® (10 g) of Bady TSL oandition
SAR measured 2680 mW inpul power 5.07 Wikg
H5AH lor neminal Body TSL pareameters i nomalized to 1W 20.3 Wikg = 16.5 5 (km2)

Cemilicate No: D1730V2-1045_ MNav12
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Appendix
Antenna Parameters with Head TSL
Impedanos, transformed to fead point 5100+ 1910
Return Logs -33.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4660 +2.2 0
Raturm Lose -27.5d8

General Antenna Parameters and Design

| Elactrical Delay (one diraction) 1.222 ns

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

The dipole is made of standard semrigid coaxlal cabie. The center conductor of the feeding ing is directly connected to tha
sacond arm of the dipale. The anterna is therefore shorl-gircuited for DC-signals. On some of the dipoles, small and caps
are added 1o the dipsle arms in order to improve matching when loaded acconding to the pasiion as explained in the
*Measurement Conditions” parageaph. The SAR data are not aHacted by this change, The overall dipole length is still
sccording Lo the Standard.

Mo excassve force must ba appliedto the dipole arms, because they might bend ar the soldered connections near the
feedpaint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on Febreary 19, 2010

Gartificate No: D1750V2-1045_Novi2 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 08.11.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DN750%2; Serial: D1750V2 - SN: 145

Communication System; CW; Frequency: 1750 MH:

Medium parameters used: = 1750 MHz; a = 1,34 mho/m; £ = 30.4: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANST C03.19-2007)

DASY 52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(5.22, 5.22, 5.22); Calibrated: 3012201 1:
«  Sensor-Surface: 3mm {Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 27.06.2012
= Phantom: Flat Phantom 5.0 (front): Type: QDOOOPS0AA; Serial 1001
« DASYS252.8.3(088); SEEMCAD X 14.6.7Ti6248)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/,Zoom Scan (Tx7x7)W/Cube 0:
Measurement grd: dx=5mm, dy=5mm, dz=3mm

Reference Value = 93, 105 Vim; Power Drift = 0.01 dB

Peak SAR (extrupolated) = 15.7 Wikg

SAR(1 g = 8.80 W/kg: SAR(10 g) = 4.76 Wikg

Maximom value of SAR {measured) = 10.8 Wike

hiLon

“l&.4n

T&0n

(' dB = 108 Wka = 10.33 dBW/kg

Carlificale Mo DITSOV2-1045_Novi2 Pape 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 08.11.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1045

Communication System: CW; Frequency: 1750 MHz

Medium parameters used: £ = 1750 MHz; o = 1.48 mho/m; & = 51.9; p = 1000 kg/m'
Phantom section: Flat Section

Measurement Standard; DASY S (IEEENMEC/ANSE C63,19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.85, 4.85, 4.85); Calibrated 30.12.2011;
»  Sensor-Surface: 3mm {Mechanical Surface Detection)
= Electronics: DAE4 Sa601; Calibrated: 27.06.2012
= Phantom: Flat Phantom 5.0 {back): Type: QDODOPSOAA; Seriak 1002

= DASYS 52.8.3(988), SEMCAD X 14.6.7(6848)

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

Reference Value = 93,105 Vm; Power Drift = 001 dB

Peak SAR {extrapolated) = 16.1 Wikg

SAR(I g) = 9.41 Wkg: SAR(10 g) = 5.07 Wikg

Maximum value of SAR (measured) = 11.8 Wikg

1440

/

0dB=11.8 Wke=1072dBW/ke

V&0

Carificate Mo: 01 750V2-1045_Nov12 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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A
By e o
A=t

Calibration Laboratory of
Schmid & Partner
Engineering AG

% =
Zeughausatrasse 13, 5004 Zusich, Switzerland iéﬁ;
ek Y

g Schwelzeriacher Halibrierdienst

C Bervies suisse d'Halonnags
Siervizio svizzero di taratura
Swigs Calibwation Service

hoomedited by the Swiss Accraditation Service (SAS) Acoradtation Ba.: SCS 108
The Swiss Accraditation Service ks one of the signatories to the EA

Multilateral Agresment for the recognition of calibration certificates

Hient

Cetecom USA

Cetlificate No: D1750V2-1084 Juni3

CALIBRATION CERTIFICATE

Calibrasion Equipmant used (MBTE criical for calibeetion)

bt DI1750V2 - SN: 1094
Cabbration procedusels] QA CAL-05v9

Calibration procedure for dipole validation kite abovs 700 MHz
Calibration data: June 06, 2013

. Thiz calibeation cerficate documents the raceabiity 1o naticnal standarcs, which reallze the phyeicsl units of massuren ents (51,
| Thea miedsuramenls and the unosrnindies with confidance probab@ty are given on the follewing pages and are pest of (he cerlificate

Al calirations hawe bean conducied in the closed aDoradory faciity: envinannent lemperatare (22 = 3°C and bumidity < 0%,

Thie calbration cerificaie shal nol be raproduced ewcepl in lull withoul wiitien approval of the laboratary

Primary Standards |IDA Cal Diabe (Certificain Mo} Schetulad Callbeation
Pwar metar EPR-242 GEITA80704 TH-Mov-12 (o, 217-01640} oMz
Powar sensor HP 84814 LAy O1-Pow-12 (Mo, 217016404 Od-13
Ralarance 20 46 Atenualor SN: 5058 (#0k) De=pgr-13 (Mo, 217-017386) Apr-14
Type-# migrmalch combination SM: B047.9 F 06327 G-Bgr13 {Ne. HT-01739) Bpr-14
Ralanemze Probe ESI0VE SM: 3208 28-Dec-12 (Mo, E53-3205_Dec12) D13
CAE4 SN: 61 F5-Apr13 (hp. DAEL-G01_Apr 3) Apr-14
Sepondary Standands 0 & Chack Date {in housa) Schedulad Check
Poasr sensor HP BLE1A WMYRTOB231T 1E-Cret-02 fim house chack Ocl-11) In houss cheek: Oci-13
RF genemior ASS GMT-08 1 00005 Qd-ALg-89 [in house check Oc-11] I house check: Oci-13
Matwork Analyzer HF BT53E US37350585 84206 1E-Cct-01 - {in house check Oot-12) In house cheok: Oot-13

Hanme Furnchion Sgratura
Calbraled by Lalf ¥hysner Labaraloey Techrician %ﬁ,@fgz

5 A —
r. ) e

Appraved by Falfa Fokowic Technical Manager

A

Isaued: Juna &, 2013

Cadificato Mo: D1750V2-1084_Jun13
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Calibration Laboratory of )

’ A Schwalzertschear Kalibrerdienst
Schmid & Partner —— g Eorvica sulsse d'talonnage
Engineering AG Sty Sarvizhe svizeero di taraturz
Zoughaussirases 43, 004 Zurich, Switzerland '-%ﬁ“;..? 5 swise Calibeation Servics
AT
Acerechiled by ihe Swiss Accradiation Servica {SAS) Acoraditation Me.: SCS 108

The Swiss Accreditatlon Service is one of the signatories to the EA
fultitateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sansifivity in TSL / NORM x,y,z
MAA not applicable or net measured

Calibration is Performed According to the Following Standards:

a) 1EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Paak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues", December 2003

b) IEC 62208-1, "Procedura to measure the Specific Absorption Rate (SAR) for hand-held
davices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)*,
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure fo Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Complance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 85

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 cerdificate. All figures stated in the certificate are valid at the frequency indicated,

« Antanna 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.

» Fead 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 Return Loss ensures low
reflected power. No uncertainty required.

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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
connactor.

= S5AR for nominal TSL parameters: The measured TSL parameters are used 1o calculale the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncerainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Coertificate Mo:; D1750V2-1084_Jun1a Pege 2 of 8
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Measurement Conditions
DASY systern configuration, as far as nol given on pags 1,
DASY Version DASYE V52,86
Extrapalation Advanced Extrapolation
Phamicm Miodular Flat Prantom
Distznce Dipabs Canter - TSL 10 mm with Speaar
Zoom Scan Resolution dy, dy, dz =5 mm
Frequancy 1750 MHz £ 1 MHz
Head TSL parameters
The tollowing parameters and cakculations were applied,
Temperatura Permittivity Conductivity
| Mominal Head TSL parametars 220°C 40.1 1.37 mhoim
Measured Head TSL parameters (220£02)°C | 391=6% 132 mho/m =& %
Head TEL temperature change during test 20570 _— —
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 9.03 Wirkg
SAR for nominal Head TSL pararmetens naormalized to 1W 36.6 Whg = 17.0 % (k=2}
SAR averaged over 10 em® {10 g} ol Head TSL candilion
SAR measured 250 W input power 4.80 Wikg
SAR for nominal Head TSL parameatars normalized to 1W 19.4 Wikg £ 16.5 % (k=2)

Body TSL parameters
The feflowing parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 2200 534 1.49 mhcim
Measured Body TSL parametars {220+02)°C B1T 8% 1.47 mha'm + 6 %
Body TSL temperature change during test =05°C e -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Conition
SAR measured 250 mW input powear 9.4%5 Wikg

SAR for nominal Body TSL paramaters

normatized 1o 1W

37.8 Wikg = 17.0 % (k=2)

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

condifion

SAR measured

230 mW inpul power

B.O7 Wikg

SAR for nominal Body TSL parametess

nomraiized 1o AW

20.3 Wik = 168.5 % (k=2}

Cartficate Mo: DHFS0VE-1094_Jun1d

Page 3 of 8
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Appendix
Antenna Parameters with Head TSL

Impedance, transfosmed to feed poing 48,5 £ - 05 62

Return Loss - 43,008

Antenna Parameters with Body TSL

Impedance, transformad to fesd point 454 01+ 10 i
Return Loss | - 2.4 18

General Antenna Parameters and Design

I Electrical Deday {one direction) | 1.2%4na

After long tarm use with 100W radiated power, only a slight warming of tha dipole nesr the feedpoint can be measured,

The dipole is made of standard seminigid coaxial cable. The centar conductor of thi feeding line I directly connectad to the
aecond arm of the dipale. The antenna ig therefors short-circuited for DC-signals. On same of the dipeles, small and caps
are addad to the dipels arme in order 1o improve matching whes loaded according to the positon as explained in the
“Measurement Conditions” paragraph. The SAR data are nod aflected by this change. The overall dipale lengih ks still
aceording 1o the Standard.

Mo exeessiva force must be applied to the dipole arms, because they might bend or the soldered connections near tha
feecipoint may be damaged.

Additional EUT Data

Manufactured by | SPEAG
Manufactured on | Movernbar (7. 2012

Certificate No: D17E0V2-1094_Jun13 Page 4 of @
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DASYS Validation Report for Head TSL
Date: 36.06.2013

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: DIT50V2 - SN: 1094
Communication System: UID 0 - CW : Frequency: 1750 MHz
Medium parameters used: = 1750 MHz: o = 1.32 8fmy g, = 39.1; p= 1000 kg/m
Phantom section: Flar Section
Meazurement Standard: DASYS (IEEEMEC/ANSI C63.19-2007)
DASY ST Configuration;

+ Probe: ES3DV3 - 5N3205; ConvF(5.18, 5.18, 5.18): Calibrated: 28.12.2012:

« Semsor-Surface: 3mm (Mechamcal Surface Detection)

« Electronics: DAE4 Sné01; Calibrated: 25.04,2013

«  Phantom: Flat Phantom 5.0 (fronty; Tvpe: QDOOOFS0AA, Serial: 1001

«  DASYS252.8.6(1115); SEMCAD X 14.6.%(7117)

Dipole Calibration for Head Tissue/Pin=250 mW, d=1mm/Zoom Scan {7Tx7x7)/Cube {i:
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 93,485 Vim; Power Drift = 0.03 dB

Peak SAR {extrapolated) = 16.3 Wikg

SAR(1 g) = 9.03 Wikg: SAR(I0 g) = 4.8 Wikg

Maximum value of SAR (measured) = 11.2 Wikg

man

T8N

~rran

0dB =112 Wikg= 1049 dBW/kg

Cerificate Noc D1 76002-1004_Jur3 Page 5ol B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 05.06.2013
Test Labormtory: SPFEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: DITS0V2 - SN: 1094
Communication System: ULD 0 - CW ; Frequency: 1750 MHz .
Medium pararmelers used: £= 1750 MHz; o= 1.47 8/m; g, =51.7; p= 1000 kg/m’

Phantom section: Flar Section
Measurement Standard: DASYS (IEEEIEC/ANSI C&3.19-2007)

DASYS2 Configuration;
# Probe: ES3DV3 - SN3205; ConvF(4.83, 4.83, 4.83); Calibrated: 28.12.2012:
s Senzor-Surface: 3mm { Mechanical Surface Detection)
« Electronics: DAE4 So601; Calibrated: 25.04 2013
«  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial; 1002

= DASYS252.8.6(1115); SEMCAD X 14.6H7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Yalue = 93485 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 16.3 Wike

SAR(I g) = 9.45 Wikg; SAR(10 g) = 5.07 Wikg

Maximum value of SAR (measured) = | 1.8 Wikg

+-1.m

1440

-18.00

0dB = 118 Wik = 10.72 dBW/kg

Certficate Mo; D1 FS0V2-1094_Jun13 Page T af &
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineearing AG

Zeughausstrasse 43, 8004 Zurich, Switzedand

Accrediled by the Swiss Accreditalion Sanica [(SAS)
The Swiss Accraditation Service Is oneof the signalories to the E&
Muftilstera! Agreamant for tha recagnition of calibration certificates

Client

Cetecom USA

A

L

o Sehwalperizchor Kalibrierdianst

c Sardles sulasn o dtalonnage
Sarvizio svizzero dl taratura

5 swise Calitwation Sarvice

Certhicste Neo: D1900V2-5d135_Novi2

CALIBRATION CERTIFICATE

Otyacl

Caliorafion progeduels)

Calibreion data:

D1900V2 - SN: 5d135

CACAL-DE.vE

Calibration procedure for dipole validation kits above 700 MHz

Movaember 06, 2012

Calibraticn Equipment 1sad (MATE orilical for calbration)

Thiss aalibration cerilicale documeants s beceabilty 1o national standands, which raallza tha plysical units of moasuramernls (5.
Tha measurernants sod (he uncerginties wilh conlidence prababdity ara gven on the lollcwing pages and ane part of the certificate.

Al ealibrations hava baan contducted in the closed abaratory Taciily. enviiommant lempersiure (22 + 370 and humidity < T

Primeny Standands RIES Cal Date {Cartificas Ma.) Schaouled Calibration
Poveer elal EPM-4424 GRITABNTI OA-Mow-12 M. 29 7-00 B4 Qel-13
Powr sanser HP B4R1A LISIT2827R TF-Mow-12 N 21 7-01 640 Q13
Ariprenca 20 dB Atlenuator Sh:B05A (20} Z7-Mar-12 (No. 21701530} Ape-1d
Type-N mismaich comtiration SN:B0d47.2 7 0E32T 27-Mar-12 (Mo 217-01533) Apr-14
Ardprancan Probs ES30WE SN 3206 30-Dec-11 (Mo, ES3-3205_Dectl) Dac-12
[IAE4 SNE BF-Jun-12 {No. DAES-E01 _Jun1E] Jun-13
Secandary Shandinds 1]} Ciheck Date {in house) Schoduled Check
Prwer sansoe HP B4ATA MYLI0GRT VE-Oct-02 (i house chsck Os-11) in hauss chack: Oei-13
AF generator R&S SMT-06 1 DE0S Da=Aug-89 (in house check Od-1) In heavsa check: Gai-13
Medwark Analyzer HP BT53E USITInIsas 54206 18:0ct-01 (in house check Oal-12) In heausa check: Gol-13

Mars Function S nalure
Gabbrated by: Dimoe ilav Labaratory Techniclin ARV e

(IR VTS

Approved by KAt Pakovic Techmical Marapar

lnE _|;¢||_|h|-unm1 _L"E_'ﬁ‘_kjﬁ_ﬂ? shal not ba regrotuced axcapt in tull without wrttan approval of tha sbomtony.

I=sued; Howambar 6, 2012

Cadificate Moo D1S00V2-54135_Now2
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Calibration Laboratory of
Schmid & Partnar

Engineering AG
Zeughaussirasss 43, 80048 Zurich, Switzerland

Sohweizerischer Kalibriard
Sarvice suisse d'éalonnage
Servizio svizzero di taratura
Swiss Callbrotion Service

Accradited by the Swiss Aoareditalion Serdos (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is oneof the signatories to the E&
Multitaipral Agreemant for Ehe recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL /S NORM xy.z

YA, not appleable or not measurad

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice tor Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAH) in the Human Head fram Wireless
Communications Devces; Measurement Techniques”, December 2003

b) |EC 62208-1, "Procecura 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 Communicatizns Commission Office of Engineerng & Technology (FCC QET),

“Evaluating Complianze with FCC Guidelines for Human Expasure 1o Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Partable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 85

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the iquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. Tha Return Loss ensures low
reflected power. Mo uncertainty required.

Eiectrical Deiay: One-way delay between the SMA connestor and the antenna feed point.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input powear.

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

Cerificate No: D1 900V2-E4136 N2 Page 2of B
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Measurement Conditions

DASY systern configuration, asfaras not given on page 1. .
DASY Version DASYS V5283
Extrapolation Advenced Extrapolation
Phantam Modular Flat Phantom
Distence Dipole Center - TEL 10 mm with Spacer
Zoom Scan Resolution dk, dy, dz = 5 mm
Frequency | 1900 MHz + 1 MHz

Head TSL parameters
The following parameters and calcubations ware applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameiers 220°C 40.0 1.40 mho/m
Measured Head TSL paramaters (22002 "C 30T +6% 1.38 mhodm + 8 %
Head TSL iemperalure change during test =0.5°C e w—

SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 W Inpul power .72 Wikg
S5AR for nominal Head TSL paramelss normalized to 1% 39.1 Wikg = 17.0 % (k=2) |
SAR averaged over 10em’ {10 g) of Head TSL condition
S3AR measurad 260 mW inpul power 513 Wikg
SAR for nominal Head TSL paramaters normalized o 1W 20.6 Wikg + 16.5 % (k=2})

Body TSL parameters
The fodlowing parameters and calculations were applisd.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C B33 1.52 mhodm
Measured Body TSL paramaters {(22.0 £0.2) *C B2 a4 +B6% 1.53 mhovm £ B %
Body TSL temperature change during test <05°C T —
SAR result with Body TSL
SAR averaged ower 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW Input power 10.2 Wik
SAH for nominal Body TSL paramelsrs normalized to 1TW 40.5 Wikg + 17.0 % (k=2)
SAR averaged nwer 10 am® (10 g) of Bady TSL ereslitinn
SAR measurad 250 mW Input power 5.38 Wikg

SAA tor nominal Body TSL parametens

narmalized o 1W

21.5 Wikg = 16.5 % (k=2)

Certilicate Mo: DIO00VE-5d1356_Moy| 2
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Appendix
Antenna Parameters with Head TSL

Impedance, Transtormed to feed point BlE0N+B3[0
Return Loss +23.9.dB8

Antenna Parameters with Body TSL

Impedance, transformed to fesd paint AT B+ 7O

Raturn Loss -225dB

General Antenna Parameters and Design

! Electrical Dalay {one direction) | 1.208 ns

Aftar [ong term use with 100W radized power, enly a slight warmeng of the dipole near the feedpoint can be measumd,

The dipoie is made of standard semrighd cosxial cable, The cemter conductor of the feading line s diractly connected to he
sacond amm of the dipole. The anterna is tharefom shott-circuited for DC-signals. On some of the dipolas, small end caps
are added to the dipale ams in order ta improve matehing when loaded according fo the position as explaned 0 the
*Measuremant Gondibons” paragraph, The SAF date are not affected by this change. The oversd dipole length s stil
according to the Standard

Mo excessive force must be applied 1o the dpole arms, because they might bend or the soldered conneciions near the
feadpoint may be damagead

Additional EUT Data

Manufaciured by SPEAG
Manufactusred on April 14, 2010

Cartilbsate Mo, D1900W2-5d135_MNovi2 Paga 4 of 8
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DASYS Validation Report for Head TSL

Date: 06.11.2012

Test Laboratory: SPEAG, Zurich, Switzeriand

DUT: Dipale 1900 MHz; Type: D190OV2; Serial: D120V - SN: 54135

Communication System: CW; Frequency: 1900 MHz

Mediom parameters used: = 1900 MHz; o = 1.38 mho/m; &= 39.7; p = 1000 kg."m"'
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/ECIANS] C63. 192017

DASY 32 Configuration:

Probe: ES3DW3E - SN3205; ConvFi5.01, 5.01, 501 Calibrated: 30.12.2011;
Sensor-Surface: Imm (Mechanical Surface Detection)

Electronics: DAES Sn6b 1, Calibraied: 27.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Seral: 1001

DASYSI 5283988 ) SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Vilue = 95417 VWim, Power Drift = 0.05 dB

Peak SAR (extrapolated) = 17.5 Wikyg

SAR(L g) = 9.72 Wike; SAR(I0 g) = 5.13 Wikg

Maximum value of SAR (measnred) = 11.9 W/ikg
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0dB = 11.9 Wike = 10.76 dBW/kg
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Impedance Measurement Plot for Head TSL

B MHow 2042 14033008

EHT] st4 iU FB LSLEST e  G3M2o SRAFSRH 1 S5 000 BEE MHx
]
e
Cor Lo i
I i £
\ i
P ]
q
s
wWid
CHZ g11 LOB 8 dBA REF -28 df = 1:=2E855 dB 1 900,880 808 HHE
i | | N
[ | | 1 4 + - ~ | —
Cor Hh\x H_f-"'”"'_ﬂ_
-"\\-\_\ ;I?'_.f' 1L
I‘E‘E- ! I I i '-,III |_.-2

.*H.:::E{fff';

ETART 1 70,000 008 ANz ' = i GT0F 2 150.€00 BAA MHe

Carrfificate Mo: D1800V2-54135_Mawl2 Page & of &



FCC ID: 02Z-DZ110
IC ID: 1000W-DZ110 SAR Test Report - Appendix C - Misc Page 48 of 57

DASYS Validation Report for Body TSL

Drate: (4.11.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: D19D0VE - SN: 54135

Communication System: CW; Frequency; 1900 MHz

Medium parameters used: f = 1900 MHz: o= 1.53 mho/m; & = 52.4; p= 1000 kg,"m‘]
Phantomm section: Flat Section

Measurement Standard: DASY S (IEEEIEC/ANST C63.19-20407)

DASYS2 Configuration;
« Probe: ES3IDV3 - SN3205; ConvF{4.62, 4.62, 4.62); Calibratec: 30.12.2011;
o Sensor-Surface: 3mm (Mechanical Surface Detection}
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPI0AA; Serial: 1002

«  DIASYS2 528 3(988), SEMCAD X 14.6.T(6848)

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

Reference Valoe = 95.417 Vim; Power Drifl = 0.01 B

Peak SAR {extrapolated) = 17.9 W/kg

SARCL g1 = 10.2 Wike; SAR(I0 g) =539 Wikg

Muaximum value of SAR (measured) = 12.8 Wikg

0dB = 12.8 Wikg = 1 1.07 dBWikg

Cerficate Mo: D1B00VE-5d4135_Movi 2 Page 7 of B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of N Schival zarischiar Kalibrierdienst

Schmid & Partner ﬁé Servics suisse d'étalonnage
Engineering AG e e Servizlo svizzero di taratura

Zoughausstrasse 43, 8004 Turich, Switzerland f-.;qﬁ@e Swiss Calibeation Service

Accredited by Me Swiss Aocraditalion Sanvica (585)
Tha Swisse Ascreditation Service is one of the signatories to the EA
Muttilatersd Agréeement for the recognition of cafibretion earificates

Cllant Cetecom USA

CALIBRATION CERTIFICATE

Certificate do: D1800V2-5d172_Juni3

et D1800VE - SN: 5d172

Calibration procedursds)

Callbration e

QA CAL-05.v8

Calibration procedure for dipole validation kits abowe 700 MHz

Juna 10, 2013

Calbration Equipment used (METE crilical for caltiration)

This-cabbration certificate documenls the raceabdity o nationat standards, which realize the physscal urits of measuramens {S1).
The masuremants anid iha uncertainties wih conlidence prebability ana givan on tha following peges and e pan of the cediticats.

Al callbrations hawe baen condutted in the dased laboratary taclity: ararenment lamparatune (22 + 31°C ane humidity < 70%

Mebwiak Analyzer HP B7EIE

Mama Function
| Galibratad by Jetan Kasirali Labaratary Techrician
Approved by Katja Pokovic Technioal Managar -

This ealbration cerlificate shell nod ba reproduced excepd in full withoui writien approval of 1he labanatany.

LIS3T30808 S4206

18031401 {in houss chack Oct-12)

Primary Standards ! Ik g !CBI Cigte {Certifcaba M) Schaduled Calbration

Power moler EPb-a43n | GRITABITIA O Men-12 {Me. 217-01640) Qet-13

Powesr sansor HP 84314 | USaT2RTE O Menv=12 {he. 217-01640) Oot-13

Arfarance 30 d8 Atta st S 5058 (206} D-Apr-13 (Mo, 217-01736) Apr-14

Typa-N mismalzh combination | BMC BOA4T.E J 08327 Od-Apr-13 (Mo, 21701734} Ape-14

RAedarance Probe ES30VE | BM: 3205 H-Dec-12 {Mo. ES3-23205_[lag12) Dac-13

DAE4 P EM:am H5-apr-13 (Mo, DAE4-601_Apr13) Apr-1d

| Saccdary Siandards [1o# heds Diata fin house) _Schanuled Chack |
Powar senaor HP 84814 K1 nERaly 13002 {in housa cheok Oct-11) In house check. Cct-13 |
AF panarabar RS SMT-06 100005 O -hug- {in house check Ocl-11] In heuse eheck: Cet-13

In higase check: Oct-13

|ssiied: bine 11, 2073

Cerificate Mo: D1900VE-54172_Jun1a
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Calibration Laboratory of Py Schweizerischer Kalibriardianst
Schmid & Partner Y i B Sane:

Engineering AG L = c Servizo svizzers di taraturs
Zaughaussirasse 43, 8004 Zurich, Switzedand %ﬁf s Swies Calibration Servioe
Accradied by tha Swiss Accredilation Service |SAS) Accraditation Mo SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the resognition of catllibration certificates

Glossary:

TSL tissue simulating liguid

ConvE sensitivity in TSL / NORM x,y.z
N/A not applicable or not measurad

Calibration is Performed According to the Following Standards:

g) |EEE Std 1528-2003, IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Davices: Measurement Technigues”, Dacember 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 to 2 GHz)",
February 2005

¢) Federal Communications Commission Office of Enginearing & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electramagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radictrequency 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 datails are available from the Validation Feport at the end
of the centificate. All figures stated in the certificate are valid at the frequency indicated.

* Anfenna Parameters with T5L: 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
positionad under the liguid 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 unceriainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncertainty required.

s SAR measured: SAR measured at the stated antenna input power,

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

= SAR for nominal TSL paramefers: The measured TSL parameters are used to calculate the
naminal SAR result.

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

Cartficate No: D1S900V2-5d172_Juni3 Page 2ot B
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Measurement Conditions

DASY system configuration, 35 far as net given on page 1.

DASY Version DASYS VERRT

Extrapolation Advanced Exdrapolation

Phantom Modular Flat Phartom

Distance Dipole Center - TSL 10 mm with Spaces

Zoom Scan Resolution dx, dy, dz =5mm

Frequancy 1600 MHz = 1 MHz
Head TSL parameters

The following pararnatars and calculations wers spplied,
Temperature Permitthvity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1,40 mheym

Meagured Head TSL parameters 22.0£0.2)°C 393+6% 1.34 mho'm + B %

Head T5L temperature change during test < 0.5C i
SAR result with Head TSL

SAR averaged over 1 em’ {1 g) of Head TSL Condition

SAR measurad 250 mWY input power 9.70 Wikg

SAR for nominal Head TSL parameters normalized o 1'W | F9.7 Wikg = 17.0 % (k=2)

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

SAA measurad 250 mWY input powear 511 Wikg

SAR for nominal Head TSL parameters noomalized to 1W 20.7 Wiy = 16.5 % (k=2)
Body TSL parameters

Tha following paramatars and caloulations weare applied
| Temperature Permittivity Conductivity
j MNominal Body TSL parameters 22.0 %G 53.3 | 1.52 mha'/m

Measured Body TSL parameters (22.0=02)°C 537£6% | 1.50 mhaim=6%

Body TSL temperature change during test < 0.5°C e ===
SAR result with Body TSL

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

SAR measured 250 mW input power 8,97 Wikg

SAR for nominal Body TSL parameders normakized 1o 1W 40.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL condifion

SAR measurad 250 m\W input power 5.34 Wikg

S5AR for nominal Body TSL parameters rarrnakzed o 1W 21.5 Wikg £ 16.5 % (k=2)

Certificate Mo: D1900YV2-5d172_Juni3 Page 3ofB
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Appendix
Antenna Parameters with Head TSL

Impedance. franstormed to feed poinl 53.80+4.0j0
Ratum Loss | -255d8

Antenna Parameters with Body TSL

Impedance, transtoemed to feed poimd 487 k5.0 0 ]
Re&turn Loss - 26.7d3

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.201ns

Aller long term use with 100W radiated power, anly a slight warming of the dipole near the feedpoint can ba measured.

The dipole is made of atandard semirigid coaxial cabla. The center conductor of the feading lne is directly connecied 1o the
secord arm of the dipale. The antennd is therelons short-circuited for DC-aignals. On some ol the dipsles, small end caps
ara added to the dipole arms In order Lo improve matching when loaded sccording to the postion as explained in the
"Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length i stil
accaording o the Standard.

Mo excessive foroe mast be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufaciued by SPEAG
Menufaciured an June 08, 2012

Certiflcate Ma: 01900V2-54172_kmi3 Fage 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 10.06.2013
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DIWOV2: Serial: D1900V2 - SN: 54172

Communication System: UTD 0 - CW ; Frequency: 1900 MHz

Medium parameters used; = 1900 MHz: o = 1.34 5/m; & = 39.3; p = 1000 kg/m"
Phantom section: Flat Section

Measurcment Standard: DASYS (IEEEAEC/ANS] C63.19-2007)

RASYS52 Configuration:
+  Probe: ES3DV3 - SN3203; ConvFi4.98, 4,98, 4.98); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn6i1; Calibrated: 25.04.2013
= Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
= DASYS25LE.T(1137); SEMCAD X 14.6, 107 164)

Dipole Calibration for Head Tissue/Pin=2350 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 95.877 Vim; Power Drift = 0.04 dB

Peak SAR {extrapolated) = 17.6 W/ikg

SAR(l g) =97 W/kg; SAR(10 g) = 5.11 Wikg

Maximum value of SAR {measured) = 12.0 W/kg

0dB = 12.0 Wikg = 10.79 dBW/kg

Carificate Mo: D1900W3-6d172_Juni3 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 10.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN; 54172

Communication System: UID O - CW ; Frequency: 1900 MHz

Medium parameters ssed: £= 1900 MHz; o= 1.5 S/m; 5 = 53.7; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST CA3.19-2007)

DASYSZ Configuration;
= Probe; ES3DV3 - SN3208; ConvFi4.6, 4.6, 4.6); Calibrated: 28.12.2012;
«  Sensor-Surface: Jmm (Mechanical Surface Detection)
» Elecironics: DAE4 Sn601; Calibrated: 25,04,2013
«  Phantom: Flat Phantom 5.0 (hack); Type: QDODOPS0AA; Serial: 1002
« DASYS2IFLET1I3TY, SEMCAD X 14.6.10(7164)

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

Reference Value = 95877 Vim; Power Drift = -0.01 dB

Peak SAR {extrapolated) = 17.0 Wike

SAR(I g) = 9.97 W/kg; SAR(10 g) = 5.34 Wikg

Maximum value of SAR (measured) = 12.5 Wikg

-iap
2.

-15.04

0dB =125 Wikg = 10.97 dBW/kg

Certdicate Mo D1S00V2-5d172 Jeni3 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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