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Calibration Laboratory of et Sehmeizeriacher Kallbrierdianst
Schmid & Partner % s Service auisse r;'él:!nnmg-a &

Engineering AG ) . C: it Wiieesie: i sitora
Taughaussirasse 43, BOD4 Furich, Switzesland ‘i@j S Buwiss Calibratian Zervice
Aogredied by tha Swiss Accredilation Service [SAS) Aceraditation Mo.: SCS 108

The Swiss Accreditation Service it one of the signatories to the EA
Hultilateral Agreament far the recognition of cafibration certificatas

Glossary:

TSL tissue simulating liguid

ConvF sensifivity in TSL / NOBM x,y,z
([ not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Comgliance of Mabile 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:

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 Paramstars 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
paraliel to the body axis.

* Feed Point Impedance and Retumn Loss: These parameters ara 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 paint. The Fetumn Loss ensures low
reflectad power. Mo uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antanna fead point,
Mo uncertainty regquired.

* S5AR 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.

+ 5ARA for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resuit.

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

Codifcate No: D245002-911_Jun13 Page 2ol B
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Measurement Conditions
DASY system contiguration, ag lar as not given on page 1.
DASY Version DASYS WE2R.T
Extrapolation Aevanced Extrapolation |
Phantom Modular Fla! Phantorn
Distance Dipole Center - TSL 10 mam with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The fallowing parametere and caloulations ware applied,
Temperature Pearmittivity Conductivity
Meminal Head TSL parameters 200 392 1.80 mheim
Measured Head TSL parameters (E20=02"0C IFB=E% 1.81 mhoim + 6 %
Head TSL temperature change during test «<05C e e
SAR result with Head TSL
SAR averaged aver 1 om® (1 g) of Head TSL Condition
"gﬂ.ﬁ measurad 250 mW Input powar 13.6 Wikg
SAR lor nominal Head TAL parameters nommalized o TW 53.8 Wikg = 17.0 % (k=2)

| SAR averaged over 10 om” (10 g) of Head TSL condition
| SAR measured 250 mW input povwier 629 Wikg
[ SAR for nominal Head TSL parameders nomalized o 1W 25.0 Wikg = 168.5 % (k=2)

Body TSL parameters
The following parametarns and calguiatons wers applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 2oC 527 1.85 mho/m
Measured Body TSL parameters (220 x 0.2} "C 508 +6% 202 mhoim + B %
Bady TSL temperature change during test <D5C | e —
SAR result with Body TSL
SAR averaged over 1 em” {1 g) of Body TSL Gondition
SAR moasured 250 mW input powar 13.2 Wikg

SAR for poeninal Body TSL paramsters

nomalized bo 1W

51.5 Wikg + 17.0 % [k=2)

| SAR averaged aver 10 em® {10 g) of Body TSL

condition

| SAR measured

250 mW inpul power |

B.10 Wik

| SAR for nominal Body TSL parametsss

normalized 1o 1W

24.0 Wikg = 16.5 % (k=2)

Carificate Mor D2450%2-911_Junid

Page 3of 8
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Appendix
Antenna Parameters with Head TSL
nln‘pedan-:a, transformed 1o fead point S610+1.1j0
Fletum Loss -34.7dB

Antenna Parameters with Body TSL

Impedancs, transformed fo feed paint 5130 +29 [
RAetern Loas - 30,0 4B

General Antenna Parameters and Design

Elacirical Delay {one direction) 1.158ns

After long 1erm use with 100W radisted power, only a shight warming of the dipole near the leedpeint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conducior of the feeding live is dirsctly connectad 1o the
sacond am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles. small end caps
are added to the dipels arms in order 1o improwve matching when loaded sccording to the posifion as explained in the
‘Measuremen! Conditions® parsgraph. The SAR data are not affected by this change, The ewerall dipols length i still
according 1o the Standard,

Mo excessive foree must be applisd to the dipole ams, because they might bend or the soldeed connections near the
feedpoint may be damaged.

Additional EUT Data

Manulaciured by SPEAG
Manulaciured on Decamber 19, 2012

Carificate Mo: D2450V2-011_Jun13 Pags 4 of B
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DASYS Validation Report for Head TSL

Drate; 07.06,2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 Mz Type: D2450V2; Serial: D2450V2 - SN: 911

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

Medium parameters used: f= 2450 MHz; o = 1.81 5/m: £, = 37.8; p = 1000 ke/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
+ Probe: ES3DV3 - SN3205: ConvF(4.52, 4.52, 4.52): Calibrated: 28,12.2012:
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn6i01; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (fronty; Type: QDOOOPSOAA; Serial: 100]
» DASYS252.8.7(1137); SEMCAD X 14.6.10{7164)

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 = 95.390 Vim; Power Drift = 0.09 dB

Peak SAR (extrapolaied) = 28.2 W/kg

SAR(1 g) = 13.6 Wikg; SAR(10 g) = 6,29 W/kg

Maximum value of SAR (measured) = [7.2 Wike

OdBE =172 Wikg = 12.36 dBW/kg

Cerificate ho: D2460YV2-911_Jun13 Pege 5ol 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 07.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 911

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

Medium parameters used: f= 2450 MHz; o = 2,02 5/m; & = 50.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF{4.42, 4.42, 4.42): Calibrated; 2%,12.2012:
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 25.04.2013
+  Phantom: Flat Phantom 5.0 (back): Type: QDOO0OP30AA; Serial: 1002
« DASYSZ52.8.7(1137); SEMCAD X 14.6. 1(§7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7Tx7x7¥Cube 0:
Measurement grid: dx=3mmn1, dy=5mm, dz=5%mm

Reference Value = 95,390 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(L g) = 13.2 W/kg; SAR(10 g) = 6,1 W/kg

Maximum value of SAR (measured) = 17,3 Wike

=5

508

1600

-2R0F

-ZE08

0dB = 17.3 Wikg = 12.38 dBW/kg

Cartficate Mo: D2450V2-811_Jun13 FPaga 7ol B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzarend

(3 Schweirerischer Kalibrierdianst

C Sevice suisse détalonnage
Sarvizie svizzero di tarstura

s‘ Swiza Calibration Service

Acoreditad by the Swise Accradilalion Sandce [SAS) Accreditation Mo. SCS 108
The Swiss Accreditation Service ks one of the signatories to the EA
Mutltilatersl Agrasment for the recognition of callbration earificates

ciient  Cetecom USA Corificate Ne: D2550V2-1009_Jun13
CALIBRATION CERTIFICATE |
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, B004 Zurich, Switzeriand

Schweizerfacher Kallbrierdienst
Service suisse d'étalonnage
Servizie svizeero di teratura
Swize Calibration Servico

Accredited by the Swiss Accrediation Sevice [SA5) Accreditation Mo.: SCS 108
The Swiss Accreditation Service is one of the signatories 1o the EA
Mubtilateral Agreament Tor the recognition of callbration eedlificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOBM x.y,z
M A not applicable or not measurad

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “|IEEE Recommended Practice for Datarminirg the Peak Spatial-
Averaged Spacific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b} |EC 62209-1. "Procedure fo 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 (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposurs to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Maobile and
Portable Devices with FCC Limits for Human Exposure to Radiofraquency Emissions”,
Supplement C (Edition D1-01) to Bulletin 65

Additional Documentation:
d} DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions. Further details are available from the Valdation Repart at the and
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

= Antenna Parameters with TSL. The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

= Feed FPoint iImpedance and Relumn Loss: These parameters are measurad with the dipole
positioned under the liguid filled phantomn. 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 Dalay: One-way delay between the SMA connector and the antenna feed point.
Me uncertainty reguirad.

= SAA measured: SAR measured af the stated antenna input power.

= S5A4RA normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connacior,

» SARA for nominal TSL parameters: The measured TSL parameters are used to calculate the
norninal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

Cartificate No: DES50V2-1008_Junid Page 2 of &
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Measurement Conditions

DASY system configuration, as faras not given on page 1
DASY Version DASYS v52.8.7
Extrapalation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
ZLoom S¢an Resolution dx, dy, dz = 5 mm
Frequency 2550 MHz = 1 MHz
Head TSL parameters
Tha follewing parameters and calculations were applied.
Temperature Permitivity Conductivity
Nominal Head TSL parametars 220°C 3Bt 1.81 mhaim
Maeasured Head TSL parameters: [22.0 2 0.2) *C AT 3+5% 1.92 mho'm + & %
Head TSL temperature ehange during test =0.5°C
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
S5AR measured 250 mW input power 14.5 Wikg
SAR for nominal Head TSL parameters norealized o TW 572 Wikg =170 % (k=2}
SAR sveraged over 10 em” (10 g) of Head TSL condition
SAR moasured ZE0 mW input powear 6.54 Wikg

SAH for nominal Head TSL paramatens

nesimallzad 1o 1W

259 Wikg = 16.5 % (k=3

Body TSL parameters
The following parameters and calculations were applied
Temperature Permitfivity Conductivity
Nominal Body TSL parameters 2z20°C 528 2.09 mhaim
Measured Body TSL parameters (220 +£0.2) "C 0.8 =6 % 211 mho'm £ 8 %
Body TSL tempersture change during test <0.5°C - -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAFE measuned ZED W Input powear 137 Wik

SAR for nominal Body TSL parameters

normalized to TW

54.1 Wikg £ 17.0 % (k=2)

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

SAR measured

250 mW input power

616 Wikg

SAR for nominal Body TSL parameiers

normalized 1o 1W

24.4 Wikg = 16.5 % (k=2)

Cadificate Mo DESEIVE-100F_Jun13
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Appendix
Antenna Parameters with Head TSL

Impedance, ransformed 1o feed paln 51.540-18[Q
Reatumn Loss -324dB

Antenna Parameters with Body TSL

| Impedance, transformad to fead point 4885 - 1.8 j0Q
| Return Loss - 53,048

General Antenna Parameters and Design

Electrical Delay (one direction) | 11586 ne

ARtesr bang term use with 100W radiated power, only 2 slight warming of the dipols near the feedpaint can be measured,

Tha dipcle is made of standard semirigid coaxial cable. The center conductar of the feeding line is directly connectad 1o tha
second arm of the dipole. The antenna is thereione short-circuited for DC-signals. On some of the dipolas, emall end caps
are: awdded to the dipole arms in erder to imorove matching when loaded according 1o the positon as explained in thes
“Maasuremant Conditions* paragraph, The SAR data are not affected by this change. The cuerali dipole length is still
aceording o the Standard,

Mo excessive force must be applied to the dipole erms, because thay might Bsend or the ecldesd connections near the
feadpoirt may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured an Awgust 03 2012

Genflicate No: D2SS0VE-1009_Jun13 Fage 4 of B
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DASYS5 Validation Report for Head TSL

Date: G7.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2550 MHz; Type: D2330V2; Serial: D2550V2 - SN: 1009

Communication System: UIDN 0 - CW ; Freguency: 2550 MHz

Medium parameters used: = 2550 MHz; 6 = 1.92 S/m; & = 27.3; p = 1000 kg/m’
Phantom section: Flal Section

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

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.49, 4 49, 4 404 Calibrated: 28.12.2012:
« Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sna0 1 Calibrated: 25.04.2013
= Phantom: Flai Phantom 5.0 (frone); Type: QDOXIPS0AA; Serial; 1001
o DASYS2 528 7(1137), SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm 2/Zoom Scan (7x7x7)/Cube 0
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Valve = 1027 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.7 Wikg

SAR(L g) = 14.5 Wikg: SAR(10 g) = 6.54 Wikg

Maximum value of SAR (measured) = 188 W/ike

L]

-aEn

15,1

~7d.pn

0dB =188 Wikg=12.74 dBW/kg

Certicate No: D2550VE-1008_Juni3 Page Sof &
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 07.06.2013
Test Laboratory: SPEAG, Furich, Switzerland
DUT: Dipole 2550 MHz: Type: D2550V2; Serial: D2550V2 - SN: 1009

Communication System: UID 0 - CW ¢ Frequency: 2550 MHz

Medium parameters used: f= 2550 MHz; o= 2.11 8/m; £, = 50.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI Ca3, 19-2007)

DASY 52 Configuration
+ Probe: ES3DV3 - SN3205; ConvFi4.38, 4.38, 4.38); Calibrated: 28.12.2012;
«  Sensor-Surface: Jmim (Mechanical Surface Detection)
o  Electronics: DAES Sn601; Calibrated: 25042013
»  Phantom: Flat Phantom 3.0 (hack); Type: QDOOOPS0AA; Seal: 1002
o DASYSZ3ZET(113T); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=51mm

Reference Value = 95,623 ¥/m; Power Drifi = 0.0] dB

Peak SAR {extrapolated) = 29.3 Wikg

SAR(L g) = 13.7 Wike; SAR(10 g) = 6.16 W/kg

Maximum value of SAR (measvred) = 18.2 Wikg

-5.50

1920

-2aan

0 dB = 18.2 W/ke = 12.60 dBW/ks

Cerificate MNo: D2F5002-1009_Jdun13 Page Tof B
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Impedance Measurement Plot for Body TSL
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Calihratinn Labaratory of g  Sehweizerischer Kefibrierdienst
Schmid & Partnar Barvice suisse détalonnage
Engineering AG & Betricic stk o taestie

Feughausstrasse 43, 8004 Zurich, Switzeriand S  Gwiss Calibration Sarvice

Accredited by the Swiss Actreditation Sarvics (SA5) Accroditation Mo.: SCS 108
The Swiss Accreditation Service is ane of the signatories o the EA

Bullilateral Agreement for the recognition of calibraion cerlificates

Cliant Cetecom USA Cartificata wo: D5GHzV2-1096 Mowv12

CALIBRATION CERTIFICATE

Objact DEGHzVE - SN: 1095

Callaraton procadure]s) A CAL-22 w1
Calibration procedure for dipole validation kits bemween 3-6 GHz

Cafibration dabe: MNowambear 13, 2012

This cailbeation camificate documenls Bhe traceshifty Io national standards, which realize the physical usits of mesasurements (56
The measuraments and e unierainiies with corflidance protabiity ae given an The follewing pages end dre part o Be cedificate.

All calbrations heve been conduchad in the dosec lsbonaiony facility amironment emperatune (22 = 350 and bumidty < 70%,

Caliraton Equipmant used (METE crilical tor calbrason)

Primary Standards [1o ¢ Cail Duate (Certificatn No | Scheduled Caibration
Poawer mehar EPM-024 GEITIANT0: -Mow-12 (Mo, 217-01640) Oiel-13
Powes senais HP BIE1A Lisaraa: Gi-Moe12 (Moo 21 T-016401 Oet=13
Aederance 20 dE ARenusloe i RORE (Hich 2T-Mar-12 Mo, 217-01530) Apa-13
Type-M miamateh combinatian EM: BOAT.E fOBAET 27-Mar-12 (Mo, 217-01553) Ape-13
Rederence Frobe EXIOW4 SN asa 30-Dec-11 (No. EX3-3503_Decii] Dec-12

| DAE4 En s01 2T=lun=-12 (Mo, DAE4-601 _JuniZ] Jur-13
Sacondary Standards |10 # hack Date (1 house] Schetuled Check
Pawar sansar HF 84814 WY41092317 1B-Det-02 {in houss chick Oct-11) In house chack: Oct-13
RF ganaratar FBS SHT-06 100005 Od-Aug-B9 {in house chack Ogi-11) I house chack: Oat-13
Watwors Analyzer HP 87535 UFS3TE0068E 54206 18-Oci-01 (in housa check Ocl-12) In howse check: Oct13

Name Function S natung
Calibratod by: Lalf Klysrar Labaratary Technician y
Approsd by Katia Pakinvic Tachnical Manapar ,J%—-:—‘Tf o
lssund: Movembar 13, 2012

This calioralion cerificale shall nol be reproduced excaps in full withawt witien approval of the laborators
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausatrasss 43, 8004 Zurich, Switzedind

Sehwelzerischer Kalibrierdienst
Service suisse d'élalonnags
Sarvigin evizeero di tarature
Swigs Calibration Service

Accreditod by thie Swiss Accrediabon Sendos (SA%) Accreditation No,: SCS 108
The Swiss Accreditation Service is one of the signatorias 1o the EA
Multilnteral Agreement for the recognition of callbration cartilicates

Glossary:

TEL tissue simulating hiquid

ConvF sensitivity In TSL / NORM =,v,z
A not applicable or not measured

Calibration is Performed According to the Fellowing Standards:

a) |EC 82209-2, "Evaluation of Human Exposure to Radio Frecuency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procadures”; Parl 2; "Procedure to determine
the Specific Absorption Rate {SAR) for including accessories and multiple transmitters”,
March 2010

by Federal Communications Commission Office of Engineering & Technology (FCC OET),
‘Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Hurman Exposure to Radiofrequency Emissions”,
Supplement C (Edition C1-01) to Bulletin 85

Additional Documentation:
c) DASY4/S Systern Handbook

Methods Applied and Interpretation of Parameters:

*  Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figu'es stated in the certificate are valid at the frequency indicated.

=  Amtenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantomn section, with the arms oriented
parallel to the body axis.

= Feed Point Impedance end Return Loss. These parameters are measured with the dipole
positioned under the ligLid filled phantom. The impedance sated is transformad from the
measurement at the SM4 connector o the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

= Electrical Delay: One-wey 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 paramelers are used to calculate the
nominal SAR result,

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

Carfificata Mo: DSGHZV2-10896_MNovi2 Page 2 of 11
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Measurement Conditions

DASY system configuration, as far s nof given on page 1,
DASY Version DASYS VE2.8.3
Extrapolation Advanced Extrapalation
Phantom Modular Fiat Phantom W5.0
Distance Dipole Centar - TSL 0 i with Spacer

Zoom Scan Resolution

dx, dy=4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz +1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calcubtions wang applisd,

Temperaiure Permittivity Conduetivity
Nominal Head TSL parameters 220°C 6.0 466 mho/m
Measured Head TSL parameters (220=02)°C HME+E% 453 mho'm 2 6 %
Head TSL temperature change curing test <0.5°C e -
SAR result with Head TSL at 5200 MHz
SAR everaged over 1 em” {1 g) of Head TSL Condiflen
S5AH measured 100 mW input power B.02 Wy

SAR for mominal Head TSL paramsters

nomalized to 1W

BO.3 Wiky +19.9 % (k=2)

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

Caondition

SAR measured

100 mW input power

231 Wikg

SAA tor nominal Head TSL pammaters

normalized o 1W

22 0 Wikg = 19,5 % (k=2)

Head TSL parameters at 5800 MHz

The followeng pammeaters and ealoulabons were applied.

Temperating Parmittivity Conductivity
Hominal Head TSL parameters 220 35.3 5.27 mha'm
Measured Head TSL parameters: (22.020.2)°C HMO£6% 5.15 mho/m + 8 %
Head T5L temperature change during test <D5"C - -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
S54AR measured 100 mWW input power T.596 Wikg

SAR tor nominal Head T5L paramsters

normalized 1o 1W

TEAW / kg = 19.9 % (k=2)

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

Condition

SAR measured

100 mW input powse

.27 Wikg

SAR for nomingl Head TSL paremeters

normalized o 1W

22,5 Whkg = 125 % (k=2)

Carificate No: D5GHzV2-1006_Mowl2

Page 3 of 11
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Body TSL parameters at 5200 MHz

The: following parameters and calcJkafions were applisd.

Temperaturae Parmittivity Canductivity

Neminal Body TSL parameters B0 43.0 5.30 mhaim
Measured Body TSL parameters (220 +02)°C 48,8 + 6% 5.35 mhafm = 6 %
Body TSL temperature change during test =05°C —

SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em” {1 g] of Body TSL Coneition
SAR measured 100 mW input povwer 744 Wikg
SAR for nominal Body TSL parameters normalized to 1W T3.7 Wikg = 19.8 % (k=2)
SAR averaged over 10 cm® {10g) of Body TSL condition

SARA measured

100 mW mput power

2.08 W/ikg

SAR for nominal Body TSL parametars

marrmakized 1o 1W

20.7 Wikg = 19.5 % (k=2)

Body TSL parameters at 5800 MHz

The tollowing parameters and calculafions were applied.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 482 6.00 mhaodm
Measured Body TSL parameters (2.0 +0.2) "0 4592 6% 6.13 mho'/m = & %
Body TSL temperature change during test «0.5°C e
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm’® {1 g)of Bady TSL Condition
SAR measurad 100 W inpurl powar 750 Wikg

SAR far nominal Body TSL pasaneters

nommalized to 1W

74.3 Wikg £19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL canditian
S8R measurad 100 mW iInpul poswar 2,09 Wikg
SAR for nominal Body TSL paranaters momalized fo 1W 20.6 Wikg £ 19,5 % (k=2)

Ceorificale Mo: DEGHzV2-1086_Novi2
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, ransformed 1o feed point 0.7 0 - 5450
Retum Loss - 253 dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, ransfomed ta lead paint F180+081
FAalurn Loss -34.1dB

Antenna Parameters with Bocy T5L at 5200 MHz

Impedance, ransformed to feed poimt MO0 -58j0
Retum Loss - 24,848

Antenna Parameters with Body TSL at 5800 MHz

Impadance, translommed to feed point Eadr+iajn
Returm Losa - 33.5dB

General Antenna Parameters and Design

r Electrical Delay (one direction) | 1205 na

Aftar long tarm usa with 100W radiated powear, only & slight warming of the dipole neas the feadpolnt can ba measurad.

The dipale is made of standard semirigic coaxial cabls. The center conductor of the feading line & dirscily connectad to the
second arm of the dipole, The antenna is theretore short-circuited for DC-signals. On some of the dipeles, small end caps
are added to the dipole arms in arder 1o mprove matching when loaded according o the pogition as explained in the
"Measurement Conditions® paragraph. The SAR data ara not affectad by this change. The overall dipole length is still
according to the Standand

Mo excessive force must be applied 1o 1he dipole amms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manulactined by SPEAG
Manutactured an Seprember 24, 2010

Cerditicate Mo, DEGHZVZ-1006_Nowi2 Page 5of 11
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DASYS Validation Report for Head TSL

Dare: 13.11.2012
Test Laborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHe; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1096

Communication System: CW; Frequency: 5200 MHz, Frequency: S800 MHz

Medium parameters used: f= 5200 MHz; o = 4.53 mho/m; & = 34.8; p= 1000 kg/m” . Medium pasamelens
used: f = 5800 MHz; 0 = 5.15 mho/m; & = 34; p = 1000 kg/m’

Phantom section: Flar Section

Measuremeant Standard: DASY S (IEEEIEC/ANST CA3, 10-2007)

DASYS2 Configuration:

= Probe: EX3DV4 - SN3503; ConvE(5.41. 5.41, 5.41}; Calibrated: 30.12.2011, ConvF(4.81, 4.81,
4.81); Calibrated; 30.12.2011;

= Sensor-Surface: 14mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn60|; Calibrated: 27.06.2012

= Phantem; Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Scrial: 1001
o  DABYS2 52.8 3{(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, F=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Vialue = 64.512 Vi Power Drift = 0.05 JdB

Peak SAR {extrapolated) = 29.5 Wikg

SAR(1 g) = 8.09 Wkg; SAR(10 gj = 2.31 Wikg

Maximum value of SAR (measured) = 18,1 Wikp

Dipole Calibration for Head Tissue/Pin=100mW, dist=100mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube : Mcasurement grid: da=4mm, dy=24mm, dz=1.4mm

Reference Value = 60,791 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.6 Wikg

SAR(1 gh = 7.96 W/kg: SAR(10 ) = 2.27 Wikg

Maximum value of SAR {measured) = 18.9 Wikg

Certiicabe Mo! DEGH2V2-1006_MNovl2 Pape & of 11
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-1n.na

<20.00

3000

-50.00

0 dB = 18.9 Wike = 12.76 dBW/kg

Carificate Now DSGHZVE-1006_Mov12 Paga 7of 11
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Impedance Measurement Flot for Head TSL
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DASYS Validation Report for Body TSL

Date; 12.11.2012
Test Laboratory: SPEAG, Xurich, Switzerland
DUT: Dipole 3GHz: Type: DSGHzV2; Serial: DSGHzV2 - SN: 1096

Communication System: CW'; Frequency: 5200 MHz, Frequency; 5800 MHz

Medium parameters used: = 5200 MHz: o = 3.35 mho/m; &, = 468, p = 1000 kg m® , Medium parameters
used: = 5800 MHz; o= 6.13 mhofm: &, =45.9; p = [000 kg/m”

Phantom section: Flat Section

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

DASYS2 Configuration:

+  Probe: EX3DVA - SN3303; ConvF(4.91, 491, 4.91); Calibrated: 30.12.2011, ConvF(4.38, 4,38,
4.38); Calibrated: 30.12.2011;

»  Sensor-Surfnce: L4mm (Mechanical Surface Detection)

« Electronics; DAE4 Sn601; Calibrated: 27.06.2012

= Phantom: Flat Phantom 5.0 (back); Type: QDIOOPS0AA; Senal; 1002
= DASYS2 528 3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 58.734 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 209 Wikg

SAR(T gh = 7.dd Wikg; SAR(L0 g) = 2.09 Wikg

Maximum value of SAR (measured) = 17.9 Wikg

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

Reference Value = 35507 Vim: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 35.3 W/ikg

SAR(1 g) =75 Wikg: SAR(10 g) = 2.09 W/kg

M imum vilue of SAR (messured) = 19.0 W/ke

Cadificate Mo: DEGHZV2-1086_Movi2 Page Bof 11
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-10.00

-20.00

-30.0n

-40.00

50,00

0dB=[9.0Wkeg=1272dBW/kg

Cortificate Mo: DBGH2V2-1086_Nav12 Paga 10 of 11
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of sl S Schwsizerischer Kalibrierdienst
Schmid & Partner g Service suisse d'étalonnage

Engineering AG i% Servizio svizzere di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerand ’,jﬁ\ﬂ_h:‘:\‘" S  Swiss Callbration Service
Accrediled by Ihe Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 Systemn 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 cerificate 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 criented
parallel to the body axis.

¢ Feed Point impedance and Return Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom. The impedance stated is transformed from the
measurement 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.

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

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

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

Cerificata No: DEGHzYV2-1096_Apr14 Page 2 of 13
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Fist Phantom V5.0
Distance Dipole Center - TSL 10:mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z diraction)

Frequency

5200 MHz = 1 MHz
5500 MHz = 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations ware appliad.

Temperature Permittivity Conductivity
Mominal Head TSL paramaters 22.0°C 38.0 4.68 mha/m
Measured Head TSL parameters [220+0.2)"C 358+6 % 4.43 mhoim £ 6 %
Head TSL temperature change during test <0.5°C s -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head T5SL Condition
SAR measured 100 mW input power T.76 Wikg

SAR for nominal Head TSL parameters

normalized la 1W

77.4 Wikg + 19.9 % (k=2)

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

condition

S5AR measured

100 mW input power

2.32 Wikg

SAR for nominal Head TSL parametsrs

normalized to 1W

22.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following paramaeters and caloulations were applied.

Temperalure Permittivity Conductivity
MNominal Head TSL parameters 2204C 35.6 4,96 mho/m
Measured Head TSL parameters (22002 °C 354+6% 472 mho/m £ 6 %
Head TSL temperature change during test <0.5°C — -
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 100 mW inpul power 38 Wikg

SAR for nominal Head TSL parameters

nomalized 1o 1W

83.5W kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.38 Wikg
SAR for nominal Head TSL parameters nemalized to 1W 23.7 Wikg = 19.5 2% [k=2)

Cerificate Mo: D5GHzV2-1096_Apri4
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Head TSL parameters at 5800 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivily
Mominal Head TSL parameters 22.0°C 36.3 5.27 mhafm
Measured Head TSL parameters (220 +£0.2)"C 3506 % 503 mho/'m + 6 %
Head TSL temperature change during test <0.5°C —— -

SAR result with Head TSL at 5800 MHz

SAR averaged over 1 em® (1 g) of Head TSL Conditicn
SAR meazurad 100 mW Inpul power 7.81 Wikg
SAR for nominal Head TSL paramsaters narmalized o W 77.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 em® (10 q) of Head TSL condition
SAR measured 100 mW input power 2.21 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 22,0 Wikg = 198.5 % (k=2)

Carificate Mo: DSGHzV2-1096_Aprid Page 4 af 13
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Body TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 49.0 5.30 miho/m
Measured Body TSL parameters (22,0 £0.2)°C 47.0 £6 % 5.4 mhofm = 6 %
Body TSL temperature change during test < 0.5°C e A
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em” (1 g)of Body TSL Condition
SAR measured 100 mW input power T.72 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

76.6 Wikg = 19.9 % (k=2)

SAR averaged over 10 em’ {10 g) of Body TSL

candition

SAR measured

100 mW input power

2.15 Wkg

SAR for nominal Body TSL parameaters

normalized to 1W

21.3 Wikg = 19.5 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 48.6 5.65 mha'm
Measured Body TSL parameters (22.0+02)*C 46.5+6 % 582 mho/m+6 %
Body TSL temperature change during test <05"C e
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em” {1 g) of Body TSL Condition
SAR measured 100 mW input power 8.20 Wikg

SAH for nominal Body TSL parameters

normalized to 1W

B1.4 Wikg + 19.9 % (k=2)

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

condition

SAH measurad

100 mW input power

2,28 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.6 Wkg = 19.5 % (k=2)

Cerlificate No: DBGHzV2-1096_Apr14
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Body TSL parameters at 5800 MHz
The fellowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 48.2 6.00 mhafm
Meazsured Body TSL parameters (22.0+0.2)°C 46,06 % 6.23 mho'm +6 %
Body TSL temperature change during test <0.5°C -

SAR result with Body TSL at 5800 MH=z

SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 100 mW input power 775 Wihko
SAR for nominal Body TSL parametars narmalized to 1W 76.9 Wikg + 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 100 mW Input powar 214 Wikg
SAR for nominal Body TEL parameters narmalized to 1W 21.2 Wikg = 19.5 % (k=2)

Cartificate Mo: DSGHzV2-1096_Apri4 Page 6 of 13
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 4990 -67[0

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

Impedance, transformed to feed point 5016 + 060

Retum Loss -d4.8 dB

Antenna Parameters with Head TSL at 5800 MHz

Impedanca, transformed to feed point

B0 +1.7)0

Retum Loss -28.3 dB

Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 454 0-5868|0
Retum Loss -25.0 dB

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed 1o feed point BCI3 L+ 1.1
Return Loss -38.6dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 400 +28(0
Return Loss - P6.5 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.204 ns

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

The dipola is made of standard semingid coaxial cable. The center conductor of the feading line is directly connected fo the
second amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipale arms In order to inprove matching when lcaded aceording to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affectad by this change. The overall dipale length is still
according to the Standard.

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

Additional EUT Data

Manufaciured by SPEAG

Manufactured on Saplamber 24, 2010

Certificate Mo: DSGHzYV2-1096_Apri4 Page 7 of 13
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DASYS Validation Report for Head TSL

Date; 15.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D3GHzV2; Serial: DSGHzV2 - SN: 1096

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; o = 4.43 S/m; & = 35.8; p = 1000 kg/m’ , Medium parameters
used: f = 5500 MHz; @ = 4.72 8/m: &, = 35.4; p= 1000 kg/m" , Medium parameters used: f = 5800 MHz; o =
5.03 S/m; & = 35; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/TECSANSI Ca3.19-2007)

DASYS2 Configuration:

«  Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.01, 5.01,
5.01); Calibrated: 30.12,2013, ConvF(4.91, 491, 491); Calibrated: 30.12.2013;

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

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
«  DASYSZ 5Z.8.7(1137); SEMCAD X 14.6.10{7164)

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

Reference Value = 64.044 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.1 Wikg

SAR(L g) =7.76 Wikg: SAR(10 g)=2.22 W/kg

Maximum value of SAR (measured) = 17.8 Wike

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

Reference Value = 64,505 V/m: Power Drilt = (.02 dB

Peak SAR (extrapolated) = 32.8 Wikg

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

Maximum value of SAR (measured) = 19.8 W/ikg

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

Reference Value = 60.967 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 32.5 Wikg

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

Maximum value of SAR (measured) = 19.1 Wikg

Cartilicate No: DSGH2V2-1096_Apri4 Page B of 13
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-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 19.1 Wikg = 12.81 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

Communication System: UID 0 - CW; Freguency: 5200 MHe, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: = 5200 MHz: 0 = 5.44 5/m; g = 47: p = 1000 kg/m” , Medium parameters used: f
= 5300 MHz; o = 5.82 5/m; & = 46.5; p = 1000 kg/m™ , Medium parametars used: £ = 5800 MHz, 6 = 6,23
S/m; & = 46; p= 1000 kg/m®

Phantom section: Flat Section

Measurement Standard: DASYS [TEEETEC/ANST C63.19-2(07)

DASY 32 Configuration:

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

e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOO0OP30AA; Serial: 1002

« DASYS2 52.87(1137) SEMCAD X 14.6.10(7164)

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

Reference Value = 59.402 Vim; Power Drft = -0.02 dB

Peak SAR (extrapolated) =31.2 Wikg

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

Maximum value of SAR (measurcd) = 18.4 Wikg

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

Reference Value = 539617 Vim; Power Drfi = -0.03 dB

Peak SAR (extrapolated) = 35.9 Wikg

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

Maximum value of SAR (measured) = 20.0 Wikg

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

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

Peak SAR (extrapolated) = 37.0 Wikg

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

Maximum value of SAR (measured) = 19.3 Wikg

Canrlificate Mo: DSGHzV2-1096_Aprid Page 11 of 13
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0dB = 19.3 W/kg = 12.86 dBW/kg
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Impedance Measurement Plot for Body TSL

15 Apr Z8di4 14148:16
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Calibration Laboratory of
Schmid & Pariner

Enginearing AG
Zeughaussirasse 43, GO0 Zurlch, Swltzeriand

Sohwalrerischor Kalibrierdianst
Sanice sulsse d'dtalonnage
Bavizlo svizzero di @mratura
Swizs Calibration Service

Accrediied by the Svwess Accrodiation Sendce (SAS) Accredtation No,, SCS 108
Tha Swiss Accreditation Servios is one of the signatories to' {he EA
Multilataral Agreemaent for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConmvF sensitivity in TSL / NORM xy,z
MAA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EC 62209-2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
& GHz: Human models, Instrumeantation, and Procedures”; Part 2: "Procedure 1o determing
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

by Federal Communications Commission Office of Engineering & Technalogy (FCC CET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Moblle and
Portable Devices with FCGC Limits for Human Exposure to Radiofrequancy Emissions™,
Supplement G (Edition 01-01) to Bullatin 65

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

= Antenna Parameters with TSL: The dipole is mounted with the spacer to position its fead
point exactly below the center marking of the flat phantorn 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 transtormed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflectad power. No uncertainty required.

¢ Flectrical Delay: One-way delay betwean the SMA connector and the antenna feed point.
Ne uncertainty required.

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

s 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 measurement
multipled by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximataly 85%.

GCartificate Mo: DSGHV2-1154_Juni3 Page 2 of 11




FCCID: 02Z-DZ110

IC ID: 1000W-DZ110 SAR Test Report - Appendix C - Misc Page 44 of 52

Measurement Conditions
DASY aystem configurstion, a3 far &g not given on page 1.

DASY Version DASYS V5286 ]
Extrapolation Advanced Extrapolation |

Phantom Modular Fiat Phantom V5.0

Distance Dipole Center - TSL 10 mm | with Spacer

Zoom Scan Aesolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Falio = 1.4 (£ direction)

5200 MHz = 1 MHz
5800 MHz = 1 MHz
| 5800 MHz £ 1 MHz

Frequency

Head TSL parameters at 5200 MHz
The follewing pararmeters and calculations wane applied.

Temperature Parmittivity Conductivity
MNominal Head TSL parameters 22.0°C 36.0 486 mha'm
Measured Head TSL parameters (F20+0.2)"C 5 +6% 4.50 mhofm £ 6 %
Head TSL temperature change during test <0.5*C - -
SAR result with Head TSL at 5200 MH=z
SAR averaged over 1 em” {1 g} of Head TSL Condition
SAH measwsad 100 mW Input power 7.74 Wik

SAR for nominal Head TSL parameters

normalized to 1%

775 Wikg £ 19.9 % (k=2)

SAR avarsgad over 10 cm” {10 g} of Head TSL

condition

S4R measnad

100 MW input powar |

2.21 Wikg

SAR tor nominal Head TSL paramafars

romalized to 1%

22.1 Wikg = 19.5 % (ks2)

Head TSL parameters at 5500 MHz

The following pararmeters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C b 4,96 mho/m
Measured Hesd TSL parameters (220£0.3)"C 31+6% 4.79 mhedm = 6 %
Head TSL temperature change during test <0G "C - e
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 em” (1 g} of Head TSL Condition
SAR maeasisad 100 mW input powar E16 Wik

SAR for nominal Head TSL parameters

normatized to 14

1.7 W/ hg = 19,9 % (ke2)

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

condition

SAR measured

100 mW inpul power

232 Wikg

SAR for nominal Head TSL parameters

nomrsdized 10 1W

23.2 Wikg + 19.5 % (k=2)

Certillcate MNo: DSEHZV2-1154_Jun13
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Head TSL parameters at 5800 MHz
The following parameters and calculations were applied.

Temparature Parmittivity Caonductivity
Mominal Head TSL parameters 2200 383 B.27 mhov/m
Measured Head TSL parameters (220£0.2)°C B TLE% 511 mho/m =8 %
Head TSL temperature change during test <0.5°C st L

SAR result with Head TSL at 5800 MHz

SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 100 mW input powear 7.52 Wikg
SAHR for neménal Head TSL paramatars nommadized o 1W T6.3 Wikn = 19.8 % (k=2)
SAR averaged over 10 m® (10 g) of Head TSL condition
SAR mesasured 100 mW input powar 213 Wik
SAR for norminal Head TSL paramaters narmalized to 1W 21,3 Wikg £ 10.5 % (k=2)

Cerificate Ma: D5GH2Y2-1154_Jun13 Page « of 11
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Body TSL parameters at 5200 MHz
The following paramaters and caloulations were applied.
Temperature Permittivity Conductivity

Mominal Body TSL parameters 22.0°%C 49.0 5,30 mho'tm

Measured Body TSL parameters (220 20.2) °C 406+ B % 541 mhoim + 6 %

Body TSL temperature change during test < 0.5°C B
SAR result with Body TSL at 5200 MHz

AR averaged over 1 cm® {1 g} of Body TSL Conditian

SAR measured 100 W Inpul power 741 Wiy

SAR for nominal Body TSL paramelers

rarmalized o 1%

74.2 Wikg =19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL

conddion

SAR meesured

100 mW input power

2,07 Wikg

SAR for nominal Body TSL parameters

normakized to 1W

2018 Wikg = 18.5 % (k=2)

Body TSL parameters at 5500 MHz

Tha following parameters and calculations were applied.

Temperatura Parmittiviny Conductivity
Nominal Body TSL parameters 220G 48,8 5.65 mha/m
Measured Body TSL parameters (22002 "C 481 £ 8% 5.80 mha'm + & %
Body TSL temperature change during test <{.5°C -
SAR re=ult with Body TSL at 5500 MHz
SAR averaged over 1 om® (1 g) of Body TSL Condition
3AR measured 100 mW input power 750 Wikg

SAR for mominal Body TSL paramelars

rorrmnakized 1o 1W

6.2 Wiko = 19,8 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL

conditson

SAR measurad

100 mW input pewat

2,20 W/kg

EAR for nominal Body TSL parametars

nommadized to 1W

221 Wikg = 16.5 % (k=2)

Cenificate No: DEGHzVE-1154_Jun13
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Body TSL parameters at 5800 MHz
Tha ledlowing parametecs and cabodations were applisd

Tomperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 4g.2 £.00 minotm
Measured Body TSL parameters (220 +02)°C 4HE £ 6% H.24 mho'm <6 %
Boedy TSL temperature change during test =0.5%C -— —

SAR result with Body TSL at 5800 MHz

SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mvYy input power T42 Wikg
SAR Tor nominal Body TSL parsmelers nafmalized o 1W T4.4 Wi + 19.9 % (k=2)
SAR aversged over 10 em’ (10 g) of Body TSL condifion
SAR measurad 100 m\W input power 2,06 Wikg
SAR for nominal Body TSL paramebers nornaltzed 1o 1W 20.8 Wik = 18,5 % [k=3}
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impadance, transtormed to feed point 48,7 - 112 i
Retum Loss -18.8 B

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transtormed to feed pain E2.00-32 2
Retum Loss - 28.5 dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, fransformed ta feed paint 56.8 0 -47 [0
Return Loss - 222 dB

Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed paoint 4920 -768(0Q
Fetum Loss ~22.3 08

Antenna Parameters with Body TSL at 5500 MHz

Impedancs, transformed to feed paint B3890 -26H
Return Loss -2%.9 dB

Antenna Parameters with Body TSL at 5800 MHz

Impedancs, tranaformead 1o feed point BTG L -44 12
Return Loss -2 7B

General Antenna Parameters and Design

[ Electical Delay (ane direstion) | 1.904 ns

After long term wsa with 100W radiated powar, only a slighl warming of the dipole near the feedpoint can be measurad.

The dipchs is made of standard semirgid coaxial cable, The center conducior of the feading bre is directly connected 1o the
second arm of the dipole. The antenna is therslore short-circulted for DC-signels, On some of the dipoles, small end caps
ars addad to the dipole arms in order o improve matehing when loaded according to the positon as explained in tha
"Meazurement Conditions" paragragh, The SAR data are not affected by this change. The cverall dipola length |s still
according io the Standard.

Mo excessive foroce must be apphied to the dipole arms, becavse they might bend or fhe soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Banufactured an Beptember 20, 2012
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DASYS Validation Report for Head TSL
Drate: (406,201 3
Test Laboratory: SPEAG, Zurich, Switrerland

DUT: Dipole SGHz; Type: DSGH2Y2: Serial: DSGHzVE - SN: 1154

Communication Sysem: UID 0 - CW; Frequency: 5200 MHz, Freguency: 5500 MHz, Frequeney: 5500 MHzx
Mediwm [Eiramiers wieel: F= 5300 MHe: o=4.5 S 5= 6.5 p= 1 k.g_.'ma =

Medium parameters used: = 3500 MHz: 6 = 4.79.5/m; g = 361 p= 1O kgfor

Medinm parameters used: = 5800 MHz o= 3511 8/m; & = 35.7; p = 1000 kgfm

Phontom section: Flat Section

Mueasurement Standand: DDASYS (IEERAECSANSD O3, 10-20007)

DASYS2 Configuration:

= Probe:; EX30WY - SNISOR; Convi{5.41, 5,41, 5411 Calibraced: 28, 12,2012, ConvFi4.91, 421, .91 1. Calibenresd;
2H 22002, Conv{4.81, 461, .81 Calibried: 28.12,2001 2;

= Sensor-Surizce; 4mm (Mechonical Surface Detection)

Electronics: DA ED Snhll; Calibrated: 25,04 201 3

Phumtoam: Flag Phamtom 5 0 (froat); Type: QDODOPS0AA: Serial: 1481

DASYSZ 52.8.6(1115), SEMCAD X 14.6. %7117}

Dipote Culibration for Hesd Tissue/Pim= 1bmW, dist=10mm, f=5200 MH2Zoexm Scan, dist=1.4omm (Sx8x7 0 Cuba 02
Measurement grid: da=4mm, dy=4mm, dz=14mm

Reference Value = 65.877 Vim; Power Drifi = -0007 dB

Peak SAR (extrapolnted) = 28.0 Wikg

SAR(I g} = 7.74 Wikg: SAR( 10 g) = 221 Wike

Maximmm value of SAR (measured) = 178 Wikg

Dipole Calibration for Head Tissoe/Pin=1HmW, dist=10mm, {=5500 MHzZoom Scan, dist=1.4eam ($x8x7 'Cabe d:
Mleasurement grid: de=4mm, dy=2mm. dz=1_40un

Reference Value = 63682 Yim; Power Drifi = (.06 JB

Peak SAR (extrapolnted) = 31.7 Wikg

SARI g) = 8.16 Wikg; SAR(M g) = 232 Wik

Maximum value of SAR (measuned) = 194 Wik

Dipole Calileation fior Head Tissoe/Pin= HhmW, disi=10mm. {=5300 MHzZeom Sean, disi=1 4o (Bx8xT 1 Culwe 0z
Measurement Hri|:|: =2, |Ii}"—'|.‘rr|.||,1. de=1.4mm

Refierenee Value = 59976 Vim: Power Drift = 008 dB

Peak SAR (cxtrapolased) = 31.0 Wikg

SARC ) = 7.52 Wike: SAR(10 ) = 213 Wikg

Maxiomem value of SAR (measuredi= 155 \'\-'l'kg

-12.04

-TH.00

24

.o

(B = 185 Wike = 1267 dBWikg

Cedificate No: DSGHzW2-1184_Jun13 Page 8 of 11
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Bedy TSL
Diede 05062003
Test Laboratory: SPEAG, Zurich, Switzerlaml

DUT: Dipole 5GHz; Type: DSGHYV; Serial: DSGHV2 - BN: L1154

Commaunication System: UID0 - CW: Frequency: 5200 MHz, Froquency: $500 MHz, Frequency: S8 MHz
Medium parsmeiers used: £=3200 MHz: g = 541 5/m;& = 49.6; p = 1K) kgl

Medivm parnmeters used: = 5500 MHz: o= 5.8 8im: w =491 p= 1000 kyf’

Medium pernmiters used: {= S8 MHz; ¢ = 5,24 S g = 48.6; ¢ = 1000 kg/m'

Phiamiom saction: Flat Section

Mensurement Standard: DASY S (IEEEAEC/ANST CO3. 19-2007 )

DASYS2 Configurntion

s Probe: EX30VA - SN0 ConvFid.91, 491, 4.91 ) Calibrated: 28.12.2012. ConvF4.43, <43, 443} Calibrated:
28023002, ConwFrd 38, 438, 4.38); Calibeated: 28.12.2012;

Sensor-Surfoce: 1.dmm (Mechanial Surfoce Detection)

Blectronics: DAES Sn601; Calibraved: 25.04.2013

Phantom: Flal Phontom 5.0 (hack ) Type: QDOOOPSOAAL Serial: 1002

DRASYS2 52.8.6(1115); SEMCAD X 14697117

Dipole Calibration for Body Tisswe/Pin=100mW, dist=10mm, (=520 MHzZoom Scan, dist=1.4mm (Sx8x7)Cube (h:
Messurement grid: de=dinn, dy=dmm. de=1_4mm

Reference Value = 58856 YVim: Power Drill = -00F dB

Peak SAR (extrapolnted) = 29.2 Wikg

SAR(L g) = 7.41 Wikg: SAR(10 g} = 207 Wikg

Maxomun value of SAR {(measured) = 17.3 w”'i.j:'

Dipole Calibration for Bady Tissue/Pin=100mW, dist=1{mm, F=5500 MHa oom Sean, dist=14mm (Sx8x7 WCobe 0:
Mensurement grid: da=dmm, dy=2mm, de=1.4mm

Rifergnce Value = 58688 Vi Power Drifi =-0.01 dB

Peak SAR {cxwrapolated) = 33,9 Wike

SAR( gl=T79 Wikg: SAR{10 g} = 1.2 Wik

Maximum valee of SAR (meqsured) = 102 W.‘Lg

Dipale Calibration for Body Tissae/Pin=1HmW, dist=10mm, f=3800 MHzZoom Scan, dist=1.dmm (8x8x71 Cube (i
Mewsurement grid: dusdmm. dy=4mm, de=1.4mm

RBefenmnce Value = 53,326 VWin Power Dirifi = 0,00 dB

Peak 5AR [exirapolated) = 54.7 Wikp

SAR(L g) = 742 Wokg: SARLD &) = 205 Wke

Muoximum value of SAR (messared) = 15,3 Wikg

in
a

L

12

g
0dB = 183 Wikg= 12,02 dBW/kg
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Impedance Measurement Plot for Body TSL
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