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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

crient Sporton-KS (Auden)

S SchweizerischerKalibrierdienst

A Service suisse d'6talonnage(' 
Servizio svizzero di taratura

S Swiss Galibration Service

Accreditation t'to.: SCS 0108

Certittcate No:D750V3‐ 1065 Nov15

CALIBRATION CERTIFiCATE

ObieCt D750V3-SN:1065

Calibration procedure(s) QA CAL-05.V9
Calibration procedure for dipole validation kits above 700 MHz

Catibration date: NOvember 24,2415

This calibration certificate documents the traceability to national standards. which realize the physical units of measurements (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are pan of the certiiicate

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)'C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lro+ Cal Date(Certricate No) Scheduled Calibration

Power meter EPM-4424

Power sensor HP 8481A

Power sensor HP 8481A

Reference 20 dB Attenuator

Type-N mismatch combination

Reference Probe EX3DV4

DAE4

Secondary Standards

I G837480704

I usezzszzas

I 
vv+roszsrz

] 
sru: sosa lzot<)

I SN:5047.2 / 06327

| .*' r.on
| 
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uo,

,,,*

07-Oct-15(No_

07‐Oct-15(No

07‐Oct-15(No

01‐Apr‐ 15(No

01-Apr-15(No

30‐Dec‐ 14(No

17‐Aug-15(No

Check Date〔 n

217-02222)

217-02222)

217-02223)

217-02131)

217-02134)

EX3-7349_Dec14)

DAE4-601_Aug15)

house)

Oct‐ 16

0ct‐ 16

0ct‐ 16

Mar‐ 16

Ma「16

Dec-15

Aug-16

Scheduled Check

RF generator R&S SMT‐ 06

Network Analyzer HP 8753E

100972

US37390585

Name

15‐」un‐ 15(in houSe check Jun-15)

S4206   18‐ Oct‐ 01 on hOuse check Oct-15)

ln house check: Jun-18

ln house check: Oct-16

Calibrated by:

Approved by:

Claudio Leubler

Katja Pokovic

Function

Laboratory Technician

Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S SchweizerischerKalibrierdienst

n Service suisse d'6talonnage
v Servizio svizzero di taratura
S Swiss Calibration Service

Accreditation ruo.: SCS 0108Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:
TSL
ConvF
N/A

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", June 2013

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2Ol0

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/S System Handbook

Methods Applied and lnterpretation of Parameters:
. Measurement Conditions; Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.
o Antenna Parameters with ISL; 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 lmpedance 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 Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

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

CertFicate No:D750V3-1065 Nov15 Page 2 of 8



Measurement Cond itions
DAS

Head TSL parameters
The

SAR result with Head TSL

Body TSL parameters
The

SAR resuit with Body TSL

as far as not lven on

DASY Verslon DASY5 V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 750 MHz± l MHz

followinq parameters and calculations were

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 419 0 89 mho/m

Measured Head TSL parameters (220± 0.2)°C 42.8± 6% 0 90 mho/m± 6%

Head TSL temperature change during test く05°C

SAR averaged over 1 cm3 (1 g) of Head TSL Condlion

SAR measured 250 mW input power 2 07 VVノ kg

SAR for nominal Head TSL parameters normalized to 1W 8.25Wノkg± 17.0% (k=2)

SAR averaged over 10 cm3 (10 g) of Head TSL condition

SAR measured 250 mW input power 1.35 VV/kg

SAR for nominal Head TSL parameters normalized to 1W 5.38W/kg± 16.5% (k=2)

and calculations were

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 555 0 96 mho/m

Measured Body TSL parameters (22.0± 02)°C 559± 6・/. 0.97 mho/m± 6%

Body TSL temperature change during test く05°C

SAR averaged over 1 cm3 (1 g) of BodyTSL Condl'on

SAR measured 250 mW input power 223W/kg

SAB for nominal Body TSL parameters normalized to 1W 8.86Wノkg± 17.0°/● (k=2)

SAR averaged over 10 cm3 (10 g) of Body TSL condition

SAR measured 250 mW input power 1.4811V/kg

SAR for nominal Body TSL parameters normalized to 1W 5.89W′kg± 16.5% (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

lmpedance, transformed to feed point 53.4O-2.1jA

Return Loss -28 3 dB

Antenna Parameters with Body TSL

lmpedance, transformed to feed point 49.1 O-3.9 jO

Return Loss ‐27.8 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1 032 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on May 10,2012
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DASYS Validation Report for Head TSL

Date:24.11.2015

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1065

Communication System: UID 0 - CW;Frequency: 750}l4Hz
Medium parameters used: f =750 MHz; o = 0.9 S/m; e. = 42.8; p = 1000 kg/m3
Phantom section: Flat Section
Measurement Standard: DAS Y5 (IEEE/IEC/ANSI C63 .19 -201 l)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(10.1, 10.1, 10.1); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: 17.08.2015

. Phantom: Flat Phantom 4.9L;Type: QD000P49AA; Serial: 1001

. DASY5Z 52.8.8(1222); SEMCAD x 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=lSmmlZoom Scan (7x7x7)lCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 58.14 V/m; Power Drift = 0.05 dB
Peak SAR (extrapolated) = 3.99 Wlkg
SAR(I E) = 2.07 Wkg; SAR(10 B) = 1.35 Wkg
Maximum value of SAR (measured) =2.74 Wkg
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lmpedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date:24.11.2015

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1065

Communication System: UID 0 - CW; Frequency: 750MHz
Medium parameters used: f =150 MHz; o =0.91S/m; e. = 55.9; P = 1000 kg/m3

Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63 .I9 -201 1)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(9.61,9.61,9.61); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: 11.08.2015

o Phantom: Flat Phantom 4.9L;Type: QD000P49AA; Serial: 1001

. DASY52 52.8.8(1222); SEMCAD X 14.6.10(1331)

Dipole Calibration for Body Tissue/Pin=250 ffiW, d=lsmmlZoom Scan (7x7x7)lCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 58.13 V/m; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 3.29 Wkg
SAR(I s) =2.23 Wkg; SAR(10 g) = 1.48 Wkg
Maximum value of SAR (measured) = 2.94 Wkg
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lmpedance Measurement PIot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

crienr Spofton-KS (Auden)

S Schweizerischer Kalibrierdienst

,. Service suisse d'6talonnage
r' Servizio svizzero di taratura
S Swiss Galibration Service

Accreditation Ho.: SCS 0108

certricate No:D835V2‐ 4d091 Nov15

CALiBRAT10N CERTIFiCATE

Oblect D835V2‐ SN:4d091

Calibration procedure(s) QA CAL-05.V9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: NOVember 24,2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are parl of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)"C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lro+ Cal Date(Certricate No) Scheduled Calibration

Power meter EPM-442A

Power sensor HP 8481A

Power sensor HP 8481A

Reference 20 dB Attenuator

Type-N mismatch combination

Reference Probe EX3DV4

DAE4

Secondary Standards

GB37480704

US37292783

MY41092317

SN:5058(20k)

SN:50472/06327

SN:7349

SN:601

07‐Oct‐ 15(No 217-02222)

07‐ Oct‐ 15(No 217-02222)

07‐Oct‐ 15(No 217-02223)

01‐Apr‐ 15(No 217-02131)

01‐Apr‐ 15(No 217‐ 02134)

30-Dec‐14(No EX3‐ 7349_Dec14)

17-Au9-15(No DAE4‐ 601_Aug15)

Check Dateぐ n hOuse)

Oct‐ 16

0ct‐ 16

0ct‐ 16

Mar-16

Mar‐ 16

Dec‐ 15

Aug‐ 16

Schedu!ed CheckID

RF generator R&S SMT‐ 06

Network Analyzer HP 8753E

100972              15-」 un‐ 15(in houSe check Jun-15)

US37390585 S4206   18-Oct-01(in hOuse check Oct-15)

ln house check: Jun-18

ln house check: Oct-16

Calibrated by:

Approved by:

Name

Ciaudio Leubler

Katla Pokovic

Function

Laboratory Technician

Technical Manager

This calibration ceftificate shall not be reproduced except in full without written approval of the laboratory.

Certlficate No:D835V2¨ 4d091 Nov15 Page 1 of I
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Ｓ

Ｃ

Ｓ

Schweizerischer Kalibrierdienst
Service suisse d'6talonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation ruo.: SCS 0108Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certilicates

Glossary:
TSL
ConvF
N/A

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", June 201 3

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, .SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation :

e) DASY4/5 System Handbook

Methods Applied and lnterpretation of Parameters:
o Measurement Conditions; Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.
o Antenna Parameters with ISL; 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.

o Feed Point lmpedance 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 Return Loss ensures low
reflected power. No uncertainty required.

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

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

. SAR normalizedi 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 unce.ftainty of measurement is stated as the standard unceftainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certincate Nol D835V2-4d091 Nov15 Page 2 of 8



Measurement Conditions
DASY

Head TSL parameters
丁he

SAR result vvith Head TSL

Body TSL parameters
丁he

SAR result with Body TSL

uration, as far as not on paqe 1

DASY Version DASY5 V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 835 MHz± l MHz

and calculations were

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 415 0 90 mho/m

Measured Head TSL parameters (220± 0:2)°C 42.6± 6・/. 0 92 mho/m± 6%

Head TSL temperature change during test く0.5° C

SAR averaged over 1 cm3 (1 g) of Head TSL Condilon

SAR measured 250 mW input power 2.31 VV/kg

SAR for nominal Head TSL parameters normalized to 1W 9.14 Wkg =17.0"h(k=2)

SAR averaged over 10 cm3 (10 g) of Head TSL condition

SAR measured 250 mW input power 150W/kg

SAR for nominal Head TSL parameters normalized to 1W 5.94 Wkg t 16.5 "/o(k=2)

and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.2 0.97 mho/m

Measured Body TSL parameters (22.0± 02)°C 556± 60/. 0.99 mho/m± 6・/.

Body TSL temperature change during test く05°C

SAR averaged over 1 cm3 (1 g) of BodyTSL CondIlon

SAR measured 250 mW input power 2.42W/kg

SAR for nominal Body TSL parameters normalized to 1W 9.55 Wkg t 17.0 o/" (k=2)

SAR averaged over 10 cm3 (10 g) of BodyTSL condition

SAR measured 250 mW input power 1 59 VV/kg

SAR for nominal Body TSL parameters normalized to 1W 6.29Wノkg± 16.5●/● (k=2)

Certincate No:D835V2-4d091 Nov15 Page 3 of 8



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

lmpedance, transformed to feed point 51.3O-4.3jC)

Return Loss -27.O dB

Antenna Parameters with Body TSL

lmpedance, transformed to feed point 47sA-6.3jO
Return Loss -23.O dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1 395 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is.therefore short-circuited for D0-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 15,2009

Cert‖icate No:D835V2-4d091 Nov15 Page 4 of 8



DASY5 Validation RepOrtfor Head TSL

Datc:24.11.2015

Test Laboratory:SPEAG,Zu五 ch,Switzerland

DUT:Dipole 835 ⅣIⅡz;Type:D835V2;Serial:D835V2¨ SN:4d091

Corllmunication Systenl:UID O― CW;Frcqucncy:835 NIIHz
Mcdiunl paramctcrs uscd:f=835 ⅣI]Iz;σ =0.92S/1n;8r〓 42.6;p〓 1000 kg/m3
Phantom section:Flat Section

Measurcmcnt Standard:DASY5(]巴 EE/1EC/ANSI C63.19-2011)

DASY52 Configuration:

o Probe:EX3DV4-SN7349;ConvF(9.77,9.77,9.77);Cdibrttedi 30.12.2014;

o  Sensor― SuJlacc:1.411m (卜 〔CChanical Surfacc Dctcction)

・  Elcctronics:DAE4 Sn601;Calibrated:17.08.2015

o Phantom:Flat Phantom 4.9L;Typc:QD000P49AA;Sc五 al:1001

・  DASY52 52.8.8(1222);SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250111W,d=15111ttZoolm Scan(7x7x7)/Cube O:
Measurement g五 d:dx=51111m,dy〓 511111n,dZ=511m

Rcfcrcncc Valuc=60.87V/m;Powcr D五 ft=-0.00 dB
Pcak SAR(extrapola“d)=3.43W/kg
SAR(lg)=2.31W/kg;SAR(10g)〓 1。5W/kg
Maximum value ofSAR(mcasurcd)=3.05W/kg
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lmpedance Measurement Plot for Head TSL
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DASY5 Validation RepOrtfor Body TSL

Date:24.11.2015

Tcst Laborttory:SPEAG,Zu壺 ch,Switzerland

DUT:Dipole 835 ⅣIⅡz;Type:D835V2;Serial:D835V2¨ SN:4d091

Comunicttion Systeln:UID O― CW;Frequency:835 MHz
Mcdium paralnctcrs uscd:f〓 835 MHz;σ =o.99S/m;er=55.6;p=1000 kg/m3
Phantom scction:I■ at Section

Measurement Standard:DASY5(IEEE/1EC/ANSI C63.19-2011)

DASY52 Configuration:

・  Probe:EX3DV4-SN7349;ConvF(9.72,9.72,9.72);Calibrtted:30.12.2014;

o Sensor― SuJ∞e:1.4mm(McChanical Surfacc Dctccion)

・  Elcctronics:DAE4 Sn601;Calibrttcd:17.08.2015

o Phantom:Flat Phantom 4.9L;Typc:QD000P49AA;Sc五 al:1001

o DASY52 52.8.8(1222);SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 ΠLW,d〓15mnゴZoom Scan(7x7x7)/Cube O:
LIcasurement g五 d:dx=511m,dy=511111n,dZ=511m

Refcrcncc Valuc=59.69V/m;Powcr D五 ft〓 0.02 dB
Peak SAR(extrapolatcd)=3.58W/kg

SAR(lg)=2。 42W/kg;SAR(10g)=1.59W/kg
Maximum valuc of SAR(mcasurcd)=3.19W/kg
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lmpedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one o{ the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

crient Sporton-KS (Auden)

S Schweizerischer Kalibrierdienst

A Service suisse d'6talonnage(/ 
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation I'to.: SGS 01 08

Certificate No:D1750V2‐ 1069 Nov15

CALIBRAT:ON CERTIFiCATE

Oblect D1750V2-SN:1069

Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: NOVember 23,2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certi{icate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)"C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lro* Cal Date(Certricate No) Scheduled Calibration

Power meter EPM-4424

Power sensor HP 8481A

Power sensor HP 8481A

Reference 20 dB Attenuator

Type-N mismatch combination

Reference Probe EX3DV4

DAE4

Secondary Standards

I G837480704
I usstzgzzas
| ,ro',onr.',,

| 
.*, uou, rronl

L SN:5047.2 / 06327

I 
s*, ,ro,

I strt: oor

lro+

07-Oct-15(No.217‐ 02222)

07-Oct-15(No 217‐ 02222)

07‐Oct‐ 15(No 217-02223)

01‐Apr-15(No 217‐ 02131)

01-Apr-15(No 217‐ 02134)

30-Dec-14(No EX3‐ 7349_Dec14)

17・Aug-15(No DAE4‐601 Au915)

Check Date〔 n hOuse)

Oct‐ 16

0ct‐ 16

0ct-16

Mar‐ 16

Mar‐ 16

Dec-15

Aug_16

Scheduled Check

RF generator R&S SMT‐ 06

Network Analyzer HP 8753E

Callbrated by:

Approved by:

100972

US37390585

Name

Michael Weber

Katja Pokovic

ln house check: Jun-18

ln house check: Oct-16

lssued: November 24, 2015

15‐」un‐ 15(in houSe check Jun-15)

S4206   18-Oct-01 on hOuse check Oct‐ 15)

Function

Laboratory Technician

Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Galibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S SchweizerischerKalibrierdienst

n Service suisse d'6talonnage
v Servizio svizzero di taratura
S Swiss Calibration Service

Acqeditation tto.: SGS 0108Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:
TSL
ConvF
N/A

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", June 2013

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2o1.0

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation :

e) 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.
o Antenna Parameters with ISL; 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.

o Feed Point lmpedance 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 Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

Certincate No:D1750V2‐ 1069 Nov15 Page 2 of 8



Measurement Conditions

Head TSL parameters
The

SAR result with Head TSL

Body TSL parameters
The

SAR result with Body TSL

'ation, as far as not On 1

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 1750 MHz± l MHz

and calculations were a

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.1 1.37 mho/m

Measured Head TSL parameters (22.0± 0.2)°C 408± 6,る 1 35 mho/m± 6°/●

Head TSL temperature change during test <05°C

SAB averaged over 1 cm3 (1 g) of-Head TSL Condlion

SAR measured 250 mW input power 9.12W/kg

SAR for nominal Head TSL parameters normalized to 1W 37.OWノ kg± 17.00/● (k=2)

SAR averaged over 10 cm3 (10 g) of Head TSL condition

SAR measured 250 mW input power 483W/kg

SAR for nominal Head TSL parameters normalized to 1W 19.5Wノkg± 16.5%(k=2)

and calculations were

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 53.4 1 49 mho/m

Measured Body TSL parameters (220± 02)°C 54.2± 61る 1.48 mho/m± 60/.

Body TSL temperature change during test く0.5° C

SAR averaged over 1 cm3 (1 g) of Body TSL Condlion

SAR measured 250 mW input power 892W/kg

SAR for nominal Body TSL parameters normalized to 1W 35.9Wノkg± 17.00/.(k=2)

SAR averaged over 10 cm3 (10 g) of Body TSL condition

SAR measured 250 mW input power 476W/kg

SAR for nominal Body TSL parameters normalized to 1W 19.lWノkg± 16.5%(k=2)

Certilcate No:D1750V2-1069 Nov15 Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

lmpedance, transformed to feed point 49.sC2-0.4jo

Return Loss 4̈41 dB

Antenna Parameters with Body TSL

lmpedance, transformed to feed point 46.6O-0.4jO

Return Loss ‐291 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.218 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna i$ therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPttAG

Manufactured on June 15,2010

certricate No:D1750V2-1069 Nov15 Page 4 of 8



DASYS Validation Report for Head TSL

" Date: 23.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750MIJz; Type: Dl750Y2; Serial: Dl750V2 - SN: 1069

Communication System: UID 0 - CW; Frequency: 1750 MHz
Medium parameters used: f = 1150MHz; o = 1.35 S/m; e. = 40.8; p = 1000 kg/m3
Phantom section: Flat Section
Measurement Standard : DAS Y5 (IEEE/IEC/ANSI C63 .19 -20 | l)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(8.38, 8.38, 8.38); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: 17.08.2015

o Phantom: Flat Phantom 5.0 (front); Type: QD000P50AA; Serial: 1001

. DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head TissuelPin=250 ffiW, d-l0mmlZoom Scan (7x7x7)lCube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm
Reference Value = L05.2 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 16.9 Wkg
SAR(I E) =9.12 Wkg; SAR(10 s) = 4.83 Wkg
Maximum value of SAR (measured) = 13.9 Wkg
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lmpedance Measurement PIot for Head TSL
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DASYS Validation Report for Body TSL

Date:23.11.2015

Test Laboratory: SPEAG, Zlrich, Switzerland

DUT: Dipole 1750MH:z; Type: Dl750Y21' Serial: Dl750V2 - SNr 1069

Communication System: UID 0 - CW;Frequency: 1150MHz
Medium parameters used: f = 1750 MHz; o = 1.48 S/m; er = 54.2;p = 1000 kg/m3
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19 -20 I l)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(8.25,8.25,8.25); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: 17.08.2015

. Phantom: Flat Phantom 5.0 (back);Type: QD000P50AA; Serial: 1002

. DASY5Z 52.8.8(l2ZZ); SEM.CAD x 14.6.10(7331)

Dipole Calibration for Body Tissue/Pi n=250ffiW, d=lhmmlZoom Scan (7xlxl)tCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value =99.44 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 15.3 Wkg
SAR(I E) = 8.92 Wkg; SAR(10 s) = 4.76 Wkg
Maximum value of SAR (measured) = 13.5 Wlkg

0 dB = 13.5 Wlkg = 11.30 dBWkg

ｄＢ
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lmpedance Measurement Plot for Body TSL

23 ‖●v
■:46.533■   -155.47 mn ■55.35 PF

20■ 5  ■3:■ 5:25
■ 7514.日 llll llFIll llHzCH■  9■■

キ

Del

[ム

l U FS

鈍
蝸　　　削
　　ＣＨ２

′

F   ヽ´
7-‐ 二

｀
>ご
′

′

二
｀
f‐
・・`
F・ヽ

.よi¬こ申

ri″テt・
∵4電 l_/1プ

Certiicate No:D1750V2‐ 1069 Nov15 Page 8 of 8

/
＼ /
ヽ /



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certilicates

crient Sporton-KS (Auden)

S SchweizerischerKalibrierdienst

,. Service suisse d'6talonnage
\' Servizio svizzero di taratura
S Swiss Calibration Service

Acqeditation tlo.: SCS 0108

certricate No:D1900V2‐ 5dl18 Nov15

CALIBRAT10N CERTIFiCATE

Oblect D1900V2‐ SN:5dl18

Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Catibration date: NOvembef 23,2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are pafi of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 +3)C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lro* Cal Date(Certricate No) Scheduied Calibration

Power meter EPM-4424

Power sensor HP 8481A

Power sensor HP 8481A

Reference 20 dB Attenuator

Type-N mismatch combination

Fleference Probe EX3DV4

DAE4

Secondary Standards

1GB.37480704
I usszzszzgg
L"o,onrr',,

I 
s*, uour lrony

I SN: 5047.2 I 06327

I sN, zs+s

I s*, uo,

lro+

07‐Oct-15(No 217-02222)

07‐Oct‐ 15(No 217-02222)

07‐Oct‐ 15(No 217-02223)

01‐Apr‐ 15(No 217‐ 02131)

01‐Apr‐ 15(No 217-02134)

30-Dec‐ 14(No EX3‐ 7349_Dec14)

17‐ Aug‐15(No DAE4-601 Au915)

Check Date〔n hOuse)

Oct-16

0ct‐ 16

0ct‐ 16

Mar‐ 16

Mar‐ 16

Dec‐ 15

Aug_16

Scheduled Check

RF generator R&S SMT-06

Network Analyzer HP 8753E

100972              15‐ 」un‐ 15(in houSe check Jun‐ 15)

US37390585 S4206   18-Oct-01ぐ n hOuse check Oct‐ 15)

ln house check: Jun-18

ln house check: Oct-16

Signature

,{lubCalibrated by:

Approved by:

Name

Michael Weber

Katja Pokovic

Function

Laboratory Technician

Technical Manager

lssued:NoVember 26,2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

certricate No:D1900V2‐ 5dl18 Nov15 Page l of8



Calibration Laboratory of
Schmid & Paftner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for lhe recognition of calibration ceriificates

Glossary:
TSL
ConvF
N/A

Ｓ

Ｃ

Ｓ

Schweizerischer Kalibrierdienst

Service suisse d'6talonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation no.: SCS 0108

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatiat-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", June 2013

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2OiO

d) KDB 865664, .SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation :
e) DASY4/S System Handbook

Methods Applied and lnterpretation of Parameters:
o Measurement Conditions; Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.
o Antenna Parameters with ISL; 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 lmpedance 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 Return Loss ensures low
reflected power, No uncertainty required.

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

No uncertainty required.
. SAR measured: SAR measured at the stated antenna input power.
. SAR normalizedi SAR as measured, normalized to an input power of 1 W at the antenna

connector.
. SAB for nominalTSL 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"/".
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Measurement Conditions
DAS

Head TSL parameters
The

SAR result with Head TSL

Body TSL parameters
丁he

SAR result with Body TSL

as far as not On

DASY Version DASY5 V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 1900 MHz± l MHz

and calculations were

Temperature Permnt市■y Conductivity

Nominal Head TSL parameters 22.0°C 400 1.40 mho/m

Measured Head TSL parameters (220± 0.2)° C 39.4± 6% 1.39 mho/m± 6%

Head TSL temperature change during test く0.5°C

SAR averaged over 1 cm3 (1 g) of Head TSL Condlion

SAR measured 250 mW input power 9.85W/kg

SAR for nominal Head TSL parameters normalized to 1W 39.4Wノkg± 17.00/● (k〓2)

SAR averaged over 10 cm3 (10 g) of Head TSL condition

SAR measured 250 mW input power 5.15W/kg

SAR for nominal Head TSL parameters normalized to 1W 20.6 Wkg + 16.5 o/" (k=2)

ollowinq parameters and calculations were

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 53.3 1.52 mho/m

Measured Body TSL parameters (22.0± 0.2)°C 522± 61‰ 1.52 mho/m± 6%

Body TSL temperature change during test く0.5° C

SAR averaged over 1 cm3 (1 g) of BodyTSL Condlion

SAR measured 250 mW input power 10.2W/kg

SAR for nominal Body TSL parameters normalized to 1W 40.6Wノkg± 17.0% (k=2)

SAR averaged over 10 cm3 (10 g) of BodyTSL condition

SAR measured 250 mW input power 53611V/kg

SAR for nominal Body TSL parameters normalized to 1W 21.4Wノkg± 16.5%(k=2)

Certlficate No:D1900V2‐ 5dl18_Nov15 Page 3 of 8



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

lmpedance, transformed to feed point 51.8O +7.2ja

Return Loss -22 8 dB

Antenna Parameters with Body TSL

lmpedance, transformed to feed point 47.8A+7.7 jA

Return Loss ‐21.8 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.200 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the

second arm of the dipole. The antenna is thqrefore short-circuited for DC-signals. On some of the dipoles, small end caps

are added to the dipole arms in order to improve matching when loaded according to the position as explained in the

"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on August 21,2OOg
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DASYS Validation Report for Head TSL

Date:23.11.2015

Test Laboratory: SPEAG, Zuich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118

Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; o = 1.39 S/m; e. = 39.4;P = 1000 kg/m3

Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63 .19 -201 l)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(S.14,8.14,8.14); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: I7.08.2015

. Phantom: Flat Phantom 5.0 (front); Type: QD000P50AA; Serial: 1001

. DASY52 52.8.8(1222); SEMCAD x 14.6.t0(733r)

Dipole Calibration for Head Tissue/Pin=250 mW, d-l0mmlZoom Scan (7x7x7)lCube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 107.5 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 13.5 W&g
SAR(I 8) = 9.85 Wkg; SAR(10 8) = 5.15 Wkg
Maximum value of SAR (measured) = 15.1 Wkg

0 dB = 15.1 Wkg = 11.79 dBWkg

Certiflcate No:D1900V2‐ 5dl18_Nov15 Page 5 of 8



lmpedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date:23.11.2015

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118

Communication System: UID 0 - CW; Frequency: 1900 MHz
Mediumparametersused: f = 1900MHz; o=1.52 S/m; e. =52.2; p = 1000kg/m3
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63 .T9 -201 1)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(7.9,7.9,7.9); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: 17.08.2015

. Phantom: Flat Phantom 5.0 (back); Type: QD000P50AA; Serial: 1002

. DASY5Z 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=l0mmlZoom Scan (7x7x7YCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 105.1 V/m; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 18.3 Wkg
SAR(1 B) = 10.2 Wkg; SAR(10 8) = 5.36 Wkg
Maximum value of SAR (measured) = 15.5 Wkg
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0 dB = 15.5 Wlkg = 11.90 dBWlkg
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lmpedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration cedificates

crient Sporton-KS (Auden)

S SchweizerischerKalibrierdienst

A Service suisse d'6talonnage
ts Servizio svizzero di taratura
S Swiss Calibration Service

Accreditation tlo.: SCS 0108

Certiicate No:D2450V2‐ 840_Nov15

CALIBRATION CERTIFiCATE

ObieCt D2450V2‐ SN:840

Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibralon date:           November 25,2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncedainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperatwe (22 + 3)"C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lro+ Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-4424

Power sensor HP 8481A

Power sensor HP 8481A

Reference 20 dB Attenuator

Type-N mismatch combination

Reference Probe EX3DV4

DAE4

Secondary Standards |ID#

07-Oct-15(No 217-02222)

07-Oct-15(No 217-02222)

07-Oct‐ 15(No 217-02223)

01-Apr-15(No 217-02131)

01-Apr 15(No 217-02134)

30-Dec-14(No EX3-7349_Dec14)

17-Aug‐ 15(No DAE4-601_Au915)

Check Date(in hOuse)

Oct‐ 16

0ct-16

0ct-16

Mar-16

Mar‐ 16

Dec‐ 15

Aug_16

Scheduled Check

RF generator R&S SMT‐ 06

Network Analyzer HP 8753E

100972

US37390585 S4206

15-」 un‐ 15(in houSe check Jun-15)

18-Oct-01 on hOuse check Oct-15)

ln house check: Jun-18

ln house check: Oct-16

Calibrated by:

Approved by:

Name
Michael VVeber

Function

Laboratory Technician

Katla Pokovic Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

lssued: November 25, 2015
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Ｓ

Ｃ

Ｓ

Schweizerischer Kalibrierdienst
Service suisse d'6talonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation tlo.: SCS 0108Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one ol the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:
TSL
ConvF
N/A

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", June 201 3

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and lnterpretation of Parameters:
. Measurement Conditions; Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.
o Antenna Parameters with ISL; 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 lmpedance 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 Return Loss ensures low
reflected power. No uncertainty required.

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

. SAP measured: SAR measured at the stated antenna input power.
o SAH normalizedi 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 measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY

Head TSL parameters
The

SAR result with Head TSL

Body TSL parameters
The

SAR result with Body TSL

svstem as far as not On

DASY Version DASY5 V52_88

Extrapolation Advanced Extrapolation

Phantom Nlodular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 2450 MHz± l MHz

'ameters and calculations were

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1 80 mho/m

Measured Head TSL parameters (22.0± 0.2)°C 38.2± 6°/O 1.87 mho/m± 6%

Head TSL temperature change during test <05°C

SAR averaged over 1 cm3 (1 g) of Hgad TSL Condlion

SAR measured 250 mW input power 12.9W/kg

SAR for nominal Head TSL parameters normalized to 1W 50.4 Wkg + 17.0 "/" (k=2)

SAR averaged over 10 cm3 (10 g) of Head TSL condition

SAR measured 250 mW input power 5.98W/kg

SAR for nominal Head TSL parameters normalized to 1W 23.6 Wkg t 16.5 Yo(k=2)

followinq parameters and calculations were

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 527 1 95 mho/m

Measured Body TSL parameters (22.0± 02)°C 527± 60/. 2 02 mho/m± 6%

Body TSL temperature change during test く0.5°C

SAR averaged over 1 cm3 (1 g) of Body TSL Condition

SAR measured 250 mW input power 130Wノ kg

SAR for nominal Body TSL parameters normalized to 1W 51.lWノkg± 17.0%(k=2)

SAR averaged over 10 cm3 (10 g) of Body TSL condition

SAR measured 250 mW input power 609W/kg

SAR for nominal Body TSL parameters normalized to 1W 24.lWノkg± 16.5%(k=2)

certricate No:D2450V2-840_Nov15 Page 3 of 8



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

lmpedance, transformed to feed point 55.5O +4.4jA

Return Loss ‐23 5 dB

Antenna Parameters with Body TSL

lmpedance, transformed to feed point 50.5O+6.7j4

Return Loss ‐23.6 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.161 ns

After long term use with 1OOW radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the

second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps

are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on July 20, 2009

Certlficate No:D2450V2‐ 840_Nov15 Page 4 of 8



DASYS Validation Report for Head TSL

Date:25.11.2015

Test Laboratory: SPEAG, Zuich, Switzerland

DUT: Dipole 2450MHz; Type: D2450Y2; Serial: D2450Y2 - SN: 840

Communication System: UID 0 - CW;Frequency: 2450IsIHz
Medium parameters used: f = 245OMHz; o = 1.87 S/m; e. = 38.2;P = 1000 kg/m3

Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63 .19 -20II)

DASY52 Configuration:

' Probe: EX3DV4 - SN7349; ConvF(7'61.1'61,1'67): calibrated: 30'12'2014

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

. Electronics: DAE4 Sn60l; Calibrated: 17.08.2015

o Phantom: Flat Phantom 5.0 (front); Type: QD000P50AA; Serial: 1001

. DASY5Z 52.8.8(1222); SEMCAD X t4.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 ffiW, d=l0mmlZoom Scan (7x7x7)lCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 111.9 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) =27.1Wkg
SAR(I E) = 12.9 Wkg; SAR(10 g) = 5.98 WkS
Maximum value of SAR (measured) =21.6 Wkg

ｄＢ

0 dB = 2I.6Wkg= 13.34 dBWlkg
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lmpedance Measurement Plot for Head TSL
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DASY5 Validation Reportfor Body TSL

Date:25.11.2015

Test LaboratOry:SPEAG,Zu五 ch,Switzcrland

DUT:Dipole 2450 ⅣIHz;Type:D2450V2;Serial:D2450V2¨ SN:840

Colllmunicatlon SysteIIl:UID O― CW;Frcqucncy:2450卜〔Hz
Medium paramcters used:f=2450 MHz;σ =2.02S/m;8r〓 52.7;p=1000 kg/m3

Phantom section:Flat Scction

Mcasurcment Standard:DASY5(]EEE/1EC/ANSI C63.19-2011)

DASY52 Configura■ on:

o Probc:EX3DV4-SN7349;ConvF(7.53,7.53,7.53);Calibratcd:30.12.2014;

o  Scnsor― SuJace: 1.411m (NIICChanical Surface Dctcction)

o  Electronics:DAE4 Sn601;Calibrtted:17.08.2015

o Phantom:Flat Phantom 5.0(baCk);Type:QD000P50AA;Se五 al:1002

o DASY52 52.8.8(1222);,SENIICAD X 14.6.10(7331)

Dipole Calibration for■ Ody Tissue/Pin〓 250 HLW,d=101mnゴZoolm Scan(7x7x7)/Cube O:
Mcasurcmcnt g五 d:dx=511m,dy=511m,dz〓 511m
Rcference Value=107.OV/1n;Power D五 ft=0.01 dB

Pcak SAR(extrapolatcd)=26.OW/kg

SAR(lg)=13W/kg;SAR(10g)=6.09W/kg
Maximum vdue ofSAR(measured)〓 21.2W/kg

■

Ｌ

駐

０
．

駐

ｄＢ

0 dB = 2l.ZWkg= 13.26 dBWkg
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lmpedance Measurement Plot for Body TSL
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Galibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

crient Sporton-KS (Auden)

S SChWdZenscher Kdibnerdienst

C::露:LT滋11:糧阻]::
S swiss calibration Service

Accred■ aJon No.:SCS 0108

Certiicate No:D2600V2‐1061_Nov15

CALIBRATION CERTIFiCATE

ObieCt D2600V2‐ SN1 1061

Calibration procedure(s) QA CAL-05.V9
Calibration procedure for dipole validation kits above 700 MHz

Calibralon date:            November 25,2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate'

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)'C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lro* Cal Date(Certricate No) Scheduled Calibration

Power meter EPM-4424

Power sensor HP 8481A

Power sensor HP 8481A

Reference 20 dB Attenuator

Type-N mismatch combination

Reference Probe EX3DV4

DAE4

Secondary Standards ID#

07‐Oct-15(No 217-02222)

07‐Oct-15(No 217-02222)

07‐Oct-15(No 217-02223)

01-Apr‐15(No 217-02131)

01‐Apr-15(No 217-02134)

30‐Dec-14(No EX3-7349_Dec14)

17-Au9‐ 15(No DAE4‐601 Aug15)

Check Dateぐn hOuse)

Oct-16

0ct-16

0ct-16

Mar-16

Mar-16

Dec-15

Au9‐ 16

Scheduled Check

RF generator R&S SMT-06

Network Analyzer HP 8753E

100972              15-」 un‐ 15(in houSe check Jun‐ 15)

US37390585 S4206   18-Oct-01(n hOuse check Oct-15)

ln house check: Jun-18

ln house check: Oct-16

Calibrated by:

Approved by:

Name

Michael Weber

Katja Pokovic

Function

Laboratory Technician

Technical Manager

Signature

This calibration certificate shall not be reproduced except in full without written approval of the laboratory

lssued: November 25, 2015

certricate No:D2600V2‐ 1061_Nov15 Page 1 of 8



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Ｓ

Ｃ

Ｓ

Schweizerischer Kalibrierdienst

Service suisse d'6talonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation tto.: SCS 0108Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:
TSL
ConvF
N/A

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", June 2013

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 20i0

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation :

e) DASY4/S 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 ISL; 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 lmpedance 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 Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

. SAR for nominalTSL 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%.

Certilcate No:D2600V2-1061_Nov15 Page 2 of 8



Measurement Conditions
DAS

Head TSL parameters
The

SAR resu:t with Head TSL

Body TSL parameters
丁

SAR result with Body TSL

configuration, as far as not On

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 2600 MHz± l MHz

'ameters and calculations were

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 390 1.96 mho/m

Measured Head TSL parameters (22.0± 0.2)° C 377± 60/O 2.04 mho/m± 60/O

Head TSL temperature change during test く0.5° C

SAR averaged over 1 cm3 (1 g) of-Head TSL Condlion

SAR measured 250 mW input power 149W/kg

SAR for nominal Head TSL parameters normalized to 1W 58.lWノkg± 17.0%(k=2)

SAR averaged over 10 cm3 (10 g) of Head TSL condition

SAR measured 250 mW input power 6.54W/kg

SAR for nominal Head TSL parameters normalized to 1W 25.8Wノkg± 16.50/● (k=2)

he followinq parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 52.5 2 16 mho/m

Measured Body TSL parameters (22.0± 0.2)°C 522± 60/. 2 21 mho/m± 6%

Body TSL temperature change during test <05°C

SAR averaged over 1 cm3 (1 g) of Body TSL Condllon

SAR measured 250 mW input power 138W/kg

SAR for nominal Body TSL parameters normalized to 1W 54.6Wノkg± 17.0°/● (k=2)

SAR averaged over 10 cm3 (10 g) of BodyTSL condition

SAR measured 250 mW input power 615W/kg

SAR for nominal Body TSL parameters normalized to 1W 24.4W′kg± 16.5% (k=2)

Certiicate No:D2600V2‐ 1061 Nov15 Page 3 of 8



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

lmpedance, transformed to feed point s0.5C)-7.8jC)

Return Loss -22.2 dB

Antenna Parameters with Body TSL

lmpedance, transformed to feed point 46.5O-4.9jo

Return Loss …241 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.148 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the

second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps

are added to the dipole arms in order to improve matching when loaded according to the position as explained in the

"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on August 14,2012

Certlficate No:D2600V2‐ 1061 Nov15 Page 4 of 8



DASYS Validation Report for Head TSL

Date:25.1I.2015

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 2600MHz; Type: D2600Y2; Serial: D2600Y2 - SN: 1061

Communication System: UID 0 - CW; Frequency: 2600MHz
Medium parameters used: f = 26OOMHz; o = 2.04S/m; e. = 31.7 :p = 1000 kg/m3

Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63 .19 -20I l)

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(7.4,7 .4,7.4); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: I7.08.2015

o Phantom: Flat Phantom 5.0 (front); Type: QD000P50AA; Serial: 1001

. DASY52 52.8.8(1222); SEMCAD X 14.6.10(1331)

Dipole Calibration for Head Tissue/Pin=250 mW, d-l0mmlZoom Scan (7x7x7)lCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 116.7 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 32.3 Wkg
SAR(1 g) = 14.9 Wkg; SAR(10 E) = 6.54 Wkg
Maximum value of SAR (measured) =25.2 Wkg

ｄＢ

0 dB = 25.2 W kg = 14.01 dBWkg
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lmpedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Datc:25.11.2015

Test Laboratory: SPEAG, Zuich, Switzerland

DUT: Dipole 2600MHz; Type: D2600Y2; Serial: D2600V2'SN:

Communication System: UID 0 - CW; Frequency: 2600MHz
Medium parameters used: f =2600MH2 o =2.21S/m; e. - 52.2; p =
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEEIIEC/ANSI C63 .19 -201 I)

1000 kg/m3

DASY52 Configuration:

. Probe: EX3DV4 - SN7349; ConvF(7.52,7.52,7.52); Calibrated: 30.12.2014;

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

. Electronics: DAE4 Sn601; Calibrated: 17.08.2015

o Phantom: Flat Phantom 5.0 (back); Type: QD000P50AA; Serial: 1002

. DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)lCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 101.9 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.5 Wkg
SAR(I g) = 13.8 Wkg; SAR(10 B) = 6.15 Wkg
Maximum value of SAR (measured) = 23.3 Wkg

1061

ｄＢ

0 dB = 233 W kg = 13.67 dBWkg
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lmpedance Measurement Plot for Body TSL
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CALE彗亀だ菫ON LABORATORY

Add:No 51 Xucyualn Road,Haidian District,Bc」 ing,100191,China
Tel:+86‐ 10‐62304633‐ 2218     Fax:+86‐ 10‐62304633‐ 2209
E‐mail:cttl@chinatti COm     itttp:■ ,w■ lchina■ 1● 11

Client:   Sporton_CN

慇舞AS

Certificate No:Z16‐97071

中爾執可
鶴懸互筑
機畿
機 ATl鐵
C欄農S L1570

鰤 隋
隋

Object DAE4-SN:1210

Calibration procedure(s) 
F D_211_2_oo2_01

Calibration Procedure for the Data Acquisition Electronics
(DAEx)

Calibration date: May 19, 2016

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

All calibrations have been conducted in the closed laboratory facility: environment temperature(22r3).c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ] ,O u Cal Date(Calibrated by, Certificate No.) Scheduted Catibration
l

I

Process Calibrator 753 1971018      06‐ July-15(C丁 丁L,No:J15X04257) July-16

Calibrated by:

Reviewed by:

Approved by:

Name

Yu Zongying

Qi Dianyuan

Lu Bingsong

Function

SAR Test Engineer

SAR Project Leader

嘲
T°

r°fthelabOk

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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CA麟繭 ON LABORAT●爾

Add: No.5l Xueyuan Road, Haidian District, Beijing, l00l9l, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
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Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X

to the robot coordinate system.

Methods Applied and lnterpretation of Parameters:
. DC Voltage Measurement. Calibration Factor assessed for use in DASY

system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

. Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a too! inserted. Uncertainty is not required.

. The report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
AID― Converter Resolulon nomina!

High Range:    lLSB=    6.lμ V,    fu‖ range=    -100.… +300 rnV
Low Range:   lLSB=    61nV,   full range=   -1… ……+3mV

DASY measurement parameters:Auto Zero ttime:3 seci Meatunng umei 3 sec

Connector Angle
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Calibration Factors X Y Z

High Range 404076± 015% (k〓 2) 404897± 0.15% (k=2) 405013± 0,15% (k=2)

Low Range 399810± 07% (k〓 2) 3.98220± 0.7% (k〓 2) 399829± 07% (k=2)

Connector Angle to be used in DASY system 580± 10
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L2+?
lMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:'

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked io indicate that a fragile instrument is
inside.

E€top Failures Touch detection may Oe malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SpEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is liven
in the corresponding configuration file.

lmportant
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

lmportant Note:
Never attempt to grease or oil the E-stop assembly. Cleaning and readjustiqg of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
cal ibration proced u re.

portant Note:
To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in ttre
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR04031 SAD DAE4.doc 11 122009
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CALIBRAT10N CERTIFiCATE

ObieCt DAE4-SD 000 D04 BM― SN:1279

CJibration procedure(S)    QA CAL‐ 06.v29
Calibration procedure for the data acquisition electronics(DAE)

Calibralon date:           Apri1 04,2016

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

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 +3).C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards I lD # Cal Date (Certificate No.) Scheduted Calibration
Kenhley Multimeter Type 2001

Secondary standards

I sru: oatozza

lro*

09‐Sep‐15(No:17153)

Check Dateぐ n hOuse)

Sep-16

Scheduled Check

Auto DAE Calibrat on Unl

Ca‖ brator Box V2 1

SE UWS 053 AA 1001

SE UMS 006 AA 1002

05‐」an-16(in houSe check)

05‐」an-16(in houSe check)

ln house check: Jan-17

ln house check: Jan-17

Name

Dominique Steffen

Fin Bomholt

Function

Techniclan

Deputy Technical Manager

Signature

Calibrated by:

Approved by:

|プー́越は経
lssued:Apri1 4,2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation t'to.: SCS 0108

Glossary
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and lnterpretation of parameters

' DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

o Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncerlainty is not required.

' The following parameters as documented in the Appendix contain technical information as a
result from the pedormance test and require no uncertainty.

' DC Voltage Measurement Linearity: Verification of the Linearity at +1Oo/" and -1 O"/" ot
the nominal calibration voltage. lnfluence of offset voltage is included in this
measurement.

. Common mode sensitivity: lnfluence of a positive or negative common mode voltage on
the differential measurement.

. Channel separation.'lnfluence of a voltage on the neighbor channels not subject to an
input voltage.

o AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

o lnput Offset Measurement Output voltage and statistical results over a large number of
zero voltage measurements.

. lnput Offset Current: Typical value for information; Maximum channel iriput offset
current, not considering the input resistance.

. lnput resistance; Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

o Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

. Power consumption:Typical value for information. Supply currents in various operating
modes.

Ceftificate No: DAE4-1 279_Apr1 6 Page 2 of 5



DG Voltage Measurement
A"/D - Converter Resolution nominal

High Range: lLSB = 6.1pV, full range = _100...+300 mV
Low Range: 1 LSB = 61nV , lull range = _1 .......+3mV

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Connector Angle

Calibration Factors X Y Z

High Range 403.905 + 0.02"/" (k=2) 403.857 + 0.02"/o (k=2) 404.596 !0.02% (k=2)

Low Range 3.94769 t 1.50% (k=2) 3.98798 r 1.50% (k=2) 3.98844 t 1.50% (k=2)

Certificate No: DAE4-1 279_Aprl 6 Page 3 of 5



Appendix (Additional assessments outside the scope of scS010g)

1. DC Volta

2. Common mode sensitivity
DASY measurement parameters: Auto Zero Ti

3. Channel separation

High Range Reading (pV) Difference (pV) Error (%)

ChannelX + lnput 20003421 0.64 0.00

ChannelX + lnput 20007.04 2.71 001

ChannelX - lnput ‐20003.94 1.81 0̈01

ChannelY + lnput 20003355 014 000

ChannelY + lnput 20003.53 -0.81 -0.00

ChannelY - lnput …20006.93 1.15 001

ChannelZ + lnput 20003584 2.29 000

ChannelZ + lnput 2000420 0̈.11 -0.00

Channel Z - lnput -20007.71 -1.89 001

Low Range Reading (pV) Difference (pV) Error (/o)

ChannelX + Input 200035 ‐021 -0.01

ChannelX + lnput 20121 064 0.32

ChannelX - lnput ‐19881 0.54 -o.27

ChannelY + lnput 200044 ‐015 ‐001

ChannelY + Input 20000 ‐0.41 -0.21

ChannelY - lnput ‐19944 -0.00 000

ChannelZ + lnput 199973 -0.78 -0.04

ChannelZ + lnput 19917 128 ‐064

Channel Z - lnput …200.05 ‐0.52 0.26

rs: Auto Zero Time: 3 sec; Measurinq time SEC

Common mode
lnput Voltage (mV)

High Range
Average Reading (pV)

Low Range
Average Reading (pV)

Channel X 200 ‐18.84 …20.08

- 200 22.54 20.58

Channel Y 200 456 4.07

- 200 ‐5.40 -5.53

Channel Z 200 5.77 539

- 200 ‐762 -7.90

DASY measurement parameters: Auto Zerr 'ime: 3 sec; Measurinq time: 3 sec

Input Voltage (mV) Channel X (pV) ChannelY (trv) Channel Z (ttV)

Channel X 200 3.57 ‐3.56

Channel Y 200 8.26 4.72

Channel Z 200 10.27 583

Certificate No: DAE4-1 279_Ap11 6 Page 4 of 5



4. AD-Converter Values with inputs shorted
DASY

lnput Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

lnput Offset Current
Nominal lnput circuitry offset current on all channels: <25fA

7.

8.

9.

measurement parameters; Auto Zero Time: 3 sec, Measuring time: 3 sec

High Range(LSB) Low Range (LSB)

Channel X 15947 15498

Channel Y 15956 16142

Channel Z 15706 15616

OMΩ

Average (pV) min.Offset(μ V) max. Offset (pV)
Std.Deviation

(μV)

Channel X ‐0.29 1.03 1.13 038

Channel Y 0.16 ‐088 141 0.42

Channel Z ‐1 95 ‐3.80 -0.11 058

Resistance values for in

Zeroing (kOhm) Measuring (MOhm)

Channel X 200 200

Channel Y 200 200

Channel Z 200 200

Low Alarm V values for in
Typicalvalues Alarm Level(VDC)

Supply (+ Vcc) +79

Supply (- Vcc) ‐76

Power ConSumption (fypicat vatues for information

Typical values Switched off (mA) Stand by(mA) Transmitting (mA)

Supply (+ Vcc) +001 +6 +14

Supply (- Vcc) -001 ‐8 9̈

certricate No:DAE4‐ 1279_Apr1 6 Page 5 of 5
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Accrediied by the Swiss Accreditation Service (SAS)
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Thts calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed Iaboratory facility: envrronment temperature (22 !3)'C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Certificate No.) Scheduled Ca ibration

Power meter NRP SN:104778 06-Ap「 16(No 217-02288/02289) Ap「17

Power sensor NRP-291 SN:103244 06-Ap● 16(No 217-02288) Apr-17

Power sensor NRP-291 SN:103245 06-Ap「 16(No 217-02289) Ao卜 17

Reference 20 dB Attenuator SNI S5277(20x) 05-Ap「 16(No 217-02293) Ap卜 17

Reference Probe ES3D∨ 2 SN:3013 31-Dec-15 (No. ES3-3013 Dec15) Dec-16

DAE4 SN:660 23-Dec-15 (No. DAE4-660 Dec15) Dec-16

Secondary Standards ID Check Date (in house) Scheduled Check

Power meter 844198 SN:GB41293874 06-Apr-16(No 217-02285/02284) ln house check: Jun-16

Power sensor E44124 SN:MY41498087 06 Ap卜 16(No 217-02285) n house check: Jun-16

Power sensor E4412A SN:000110210 06 Ap「 16(No 217-02284) n house cheDk: Jun-16

RF generator HP 8648C SN:US3642U01700 04-Au9-99(in houSe check Apr-13) n house check: Jun-16

Network Analvzer HP 8753E SN:US37390585 18-Oct-01(ln house check Oct-15) n house check: Oct-16

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

lssued: May 31,2016

Certificate No: EX3-3857-Mayl 6 Page 1 of 11

cerrificate No: EX3-3857_May1 6

Calibrated by:

Approved by:

Name

Jeton Kastrati

Katja Pokovic

餡

Function

ta,9,tory

Technical Manager
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Glossary:
TSL
NORMx,y,z
ConvF
DCP
CF
A,B,C,D
Polarization rp

Polarization $

Connector Angle

Ｓ

Ｃ

Ｓ

Schweizerischer Kalibrierdienst
Service suisse d'6talonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation tto.: SGS 0108

tissue simulating liquid
sensitivity in free space
sensitivity in TSL / NORMx,y,z
diode compression point
crest factor (1/duty_cycle) of the RF signal
modulation dependent linearization parameters
rp rotation around probe axis
$ rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., $ = 0 is normal to probe axis
information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "1EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific

Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques", June 2013

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and lnterpretation of Parameters:
e NORMx,y,z; Assessed for E-field polarization $ = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz R22 waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

. NORM(|X,y,Z = NORMx,y,z * frequency-response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

. DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

. Ax,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

. ConvF and Boundary Effect ParameteSs:Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to. NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY verslon 4.4 and higher which allows extending the validity from t 50 MHz to t 100
MHz.

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

. Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

. Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3857-May'l 6 Page 2 of 11



EX3D∨4-SN:3857 May 25,2016

Probe EX3DV4

SN:3857

Manufactured: January 23, 2012
Calibrated: May 25,2016

Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)

Certificate No: EX3-3857_Mayl 6 Page3of11



Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)

Norm (uVi(Vim)2)A 0.18 0.44 0.47 ±10.1%
DCP (mV)B 97.6 97.5 983

EX3D∨4-SN:3857 May 25,2016

DASYノEASY‐ Parameters of Probe:EX3DV4‐ SN:3857

The.reported uncertainty of_measurement is stated as the standard uncertainty of measurement
multip.lie..d by the coverage. tqtql k=2, which for a normal distribution correspohds to a coverage
probability of approximately 95%.

A The uncertainties of Norm x,Y,Z do not affect the E2-field uncertainty inside TSL (see Pages 5 and 6).B Numerical linearization parameter: uncertainty not required.
' Uncertainty is determined using the max. deviatioh from linear response applying rectangular distribution and is expressed for the square of the
field value.

Modulation Calibration Parameters
U:D Communication System Name A

dB
B

dBr/uV
C Ｄ

ｄＢ

ＶＲ

ｍＶ

Unc'
(k=2)

0 CW X 00 00 000 1356 ±30%
Y 00 00 10 1287
Z 0.0 00 10 1286

Certificate No: EX3-3857_Mayl 6 Page4of11



EX3DV4-SN:3857 4ヽay 25,2016

DASYノEASY‐ Parameters of Probel EX3DV4‐ SN:3857

Galibration Parameter Determined in Head Tissue Simulating Media

f (MHz) c
Relative
permittivitv F

∞
器 γ町 ConvF X ConvF Y ConvF Z Aloha G

Depthl
(mm)

ｎｃ
刊

Ｕ

ｋ

750 41.9 089 968 968 9.68 037 080 ±120%

835 415 090 932 932 932 0.44 082 ±120%

900 41.5 097 9.08 9.08 908 043 080 ±120%

1750 40.1 137 800 800 8.00 033 0.80 ±120%

1900 400 1.40 7.85 7.85 785 032 080 ±120%

2000 400 140 783 783 783 0.27 080 ±12.0%

2300 39.5 1.67 744 744 7.44 0.19 1.03 ±12.0%

2450 39.2 180 7.19 719 719 036 080 ±120%

2600 390 196 7.08 7.08 708 030 1.20 ±12.0%

3500 379 291 6.87 687 687 030 1.30 ±13.1%

3700 37.7 312 642 642 6.42 025 1.30 ±131%

5250 35,9 471 515 515 5.15 030 180 ±131%

5600 35.5 5.07 470 4.70 470 040 180 ＋
一
131 %

5750 354 5.22 500 5.00 500 040 180 ±131%

t Frequency validity above 300 MHz of t 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the.uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10,25,40,50 and 70 MHzfor ConvF assessments at 30, 64,128,150 and 220MHz respectively. Above 5 GHzfrequency
validity can be extended to t 1 10 MHz.
F 

At frequencies below 3 GHz, the validity of tissue parameters (a and o) can be relaxed lo ! 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and a) is restricted to t 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
'Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than t 1% for frequencies below 3 GHz and below + 27o for frequencies between 3-6 GHz at any distance largeithan half the probe tip
diameter from the boundary.

Certificate No: EX3-3857_Mayl 6 Page 5 ofll



EX3D∨4-SN:3857 May 25,2016

DASYノEASY‐ Parameters of Probe:EX3DV4‐ SN:3857

Calibration Parameter Determined in Body Tissue simulating Media

f (MHz) c
Relative
Pernlittivitv F

∞
器 γ町 ConvF X ConvF Y ConvF Z Aioha G

Depthl
(mmヽ

Unc
(k=2)

750 555 096 945 945 945 050 080 ±120%

835 552 097 9.25 925 925 0.34 099 ±12.0%

1750 534 149 781 781 781 036 080 ＋
一
12.0%

1900 53.3 152 755 755 7.55 035 080 ±120%

2300 52.9 1.81 7.31 7.31 7.31 038 0.87 ±12.0%

2450 527 195 7.23 723 723 0.33 0.80 ±12.0%

2600 525 216 7.13 7.13 7.13 0.28 080 ±12.0%

3500 51.3 331 641 641 641 028 140 ±13.1%

3700 510 3.55 6.26 626 626 030 1.40 ±13.1%

5250 489 536 427 4.27 4.27 050 190 ±131%

5600 48.5 5.77 376 3.76 3.76 055 1.90 ±13.1%

5750 483 594 397 397 397 060 190 ±131%

" Frequency validity above 300 MHz of t 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to t 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10,25,40,50 and 70 MHzfor ConvF assessments at 30, 64,128,150 and 220MHz respectively. Above 5 GHzfrequency
validity can be extended to t 110 MHz.
F At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to t 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and a) is restricted to t 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
" Alpha/Depth are determined during calibration" SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than t 17o for frequencies below 3 GHz and below t 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: EX3-3857_Mayl 6 Page6of11



EX3D∨4-SN:3857

15

14

1

12

11

10

09

08

07

0

0.51

May 25,2016

Frequency RespOnse of E‐ Field
(TEM¨ Ce:::ifil1 0 EXX,Waveguide:R22)

（
で
①
Ｎ
識
鮨
属
〓
Ｏ
Ｃ
）
０
０
颯
Ｏ
Ｑ
０
０
」
一
Ｏ
Ｃ
Ｏ
コ
σ
Ｏ
」
」

0
|

500
I

1000
|       !
1500       2000
fIMHZl

」
TttM

Uncertainty of Frequency Response of E-field: t 6.3% (k=2)

回
Ｒ２２

|

2500
1

3000

Certificate No: EX3-3857_May1 6 PageT of 11



EX3D∨4-SN:3857
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EX3D∨4-SN:3857 May 25,2016

Dynamic Range f(SARhead)
(TEM G€l! , fsy2l= 1900 MHz)
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EX3DV4-SN:3857
4ヽay 25,2016

DASYノEASY‐ Parameters of Probe:EX3DV4‐ SN:3857

0ther Probe Parameters

Sensor Arrangement Triangular

Connector Angle (') 140

Mechanical Surface Detection Mode enabled

Optical Surface Detection Mode disabled

Probe Overall Length 337 mm

Probe Body Diameter 10 mm

Tip Length 9mm
Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point l mm

Probe Tip to Sensor Y Calibration Point lmm

Probe Tip to Sensor Z Calibration Point lmm

Recommended Measurement Distance from Surface 1.4mm

Certincate No:EX3‐ 3857_May16 Page11of11



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Client

S SChWeizenscher Ka‖ b面 erdienst

C SerViCe suisse d16talonnage

S:諧
:』橘11:継

m

Accred■aJon No.:SCS 0108

This calibration certificate documents the traceability to national standards, which realize the physical units of measurembnts (Sl).

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 t3)'C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards lD Cal Date rCertificate No) Scheduled Ca‖ bration

Power meter E44198 GB41293874 01-Ap● 15(No 217-02128) Ma卜 16

Power sensor E4412A MY41498087 01 -Apr-'l 5 (No. 217 -02128\ Mar-16

Reference 3 dB Attenuator SN:S5054(3c) 01■ p「 15(No 217-02129) Mar-16

Reference 20 dB Attenuator SN:S5277(20x) 01 Apr-15(No 217-02132) Mar-16

Reference 30 dB Attenuator SN:S5129(30b) 01-Apr-15(No 217-02133) hllar-16

Reference Probё ES3D∨ 2 SN:3013 30-Dec-14(No ES3-3013_Dec14) Dec-15

DAE4 SN:660 14-Jan-1 5 (No. DAE4-660_Jan 1 5) 」an-16

Secondary Standards ID Check Dateぐ n hOuse) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 on houSe check Apr 13) ln house check: Apr-16

Network Analvzer HP 8753E US37390585 18-Oct-01 1n hOuse check Oct-15) ln house check: Oct-16

This calibraiion certificate shall not be reproduced except in full without written approval of the laboratory.

lssued: November 27, 2015

Certincate No:EX3‐ 3954 Nov15 Page 1 of 11



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S SChWeize“ scher Kalib‖ erdienst

C SerViCe suisse d'6talonnage

S:維:jttill:職
瞼

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A, B, C, D modulation dependent linearization parameters
Polarization q rp rotation around probe axis
Polarization S $ rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., $ = 0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "lEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific

Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques", June 2013

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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and lnterpretation of Parameters:
o NORMx,y,z.'Assessed for E-field polarization $ = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E'-field
uncertainty inside TSL (see below ConvF).

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

. DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

o A,x,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

. ConvF and Boundary Effect Parametqrs: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
lo NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from t 50 MHz to t 1 00
MHz.

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

r Sensor Orfsef:'The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

e Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No:EX3-3954 Nov15 Page2of11
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Probe EX3DV4

SN:3954

Manufactured: August 6, 2013
Calibrated: November 27 ,2015

Calibrated for DASY/EASY Systems
(Notel non― compajble wlh DASY2 system!)
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Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)

Norm (uV/(V/m)' 0.55 0.44 0.54 ±101%
DCP (mV)o 98.5 1010 96.0

EX3D∨4-SN:3954 November 27,2015

DASYノEASY‐ Parameters of Probel EX3DV4‐ SN:3954

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%.

A The uncertainties of Norm X,Y,Z do not affect the E2-field uncertainty inside TSL (see Pages 5 and 6).
B Numerical linearization parameter: uncertainty not required-
'Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed forthe square of the
field value.

Modulation Galibration Parameters
U:D Communication System Name Ａ

ｄＢ

B

aey'pv
C Ｄ

ｄＢ

ＶＲ

ｍＶ

Unc'
(k=2)

0 CW X 00 00 10 0"00 1471 ±22%

00 00 10 1327

Z 00 00 10 1444

Certiflcate No:EX3-3954 Nov15 Page4of11



EX3DV4-SN:3954 November 27,2015

DASYノEASY口 Parameters of Probe:EX3DV4‐ SN:3954

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) c
Relative

Pernlittivitv F

∞
器 Vり ConvF X ConvF Y ConvF Z AIDha C

Depth
fmmゝ

Unc
{k=2)

750 419 089 1052 1052 1052 0.33 1.00 ±12.0%

835 41.5 0.90 1010 10.10 1010 016 168 ±12.0%

1750 40.1 137 850 850 850 030 095 ±12.0%

1900 400 140 8.19 819 8.19 0.35 080 ±12.0%

2000 400 1.40 8.18 818 818 0.42 083 ＋
一
12.0%

2450 39.2 180 7.32 732 7.32 0.21 116 ±12.0%

2600 390 1.96 728 728 728 0.34 1.01 ±120%

5250 359 4.71 4.97 497 497 0.40 180 ±13.1%

5600 355 507 437 4.37 437 050 180 ±131%

5750 354 522 438 438 438 050 1.80 ±13.1%

c Frequency validity above 300 MHz of t 1OO MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to t 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10,25,40,50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to t 1 10 MHz.
F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to t 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (c and o) is restricted to t 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
u Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than t 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certincate No:EX3-3954 Nov15 Page5of11



EX3DV4-SNi3954 November27,2015

DASYノEASY‐ Parameters of Probe:EX3DV4‐ SN:3954

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) c
Relative

Permittivitv F

C°

器 lγ町 ConvF X ConvF Y ConvF Z AIDha G
Depth
rmm、

ｎＣ

〓２‐

Ｕ
化

750 555 096 1022 10.22 1022 030 1.11 ±12.0%

835 552 097 1017 10.17 10.17 020 159 ±12.0%

1750 534 1.49 8.17 817 8.17 0.32 096 ±12.0%

1900 533 1.52 7.90 7.90 7.90 0.40 082 ±12.0%

2450 527 195 745 7.45 745 043 080 ±12.0%

2600 52.5 216 708 7.08 708 037 080 ±12.0%

5250 489 536 4.25 4.25 425 050 190 ±13.1%

5600 485 5.77 365 365 365 0.60 1.90 ±131%

5750 483 594 3.77 3.77 3.77 060 1.90 ±131%

c Frequency validity above 300 MHz of t 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to t 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10,25,40,50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to t 1 10 MHz.
F At frequencies below 3 GHz, the validity of tissue parameters (e and o') can be relaxed to t 1O% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to t 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
" Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than t 1o/o for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certincate No:EX3-3954_Nov15 Page6of11
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Uncertainty of Frequency Response of E-field: t 6.3% (k=2)
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EX3DV4-SN:3954

Receiving Pattern(φ),S〓 0°

November 27,2015
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EX3DV4-SN:3954 November 27,2015
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f=835 MHz,WGLS R9(H_cOnvF)

EX3DV4-SN:3954

Conversion Factor Assessment
f=1900 MHz,WGLS R22(H_conVF)
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EX3D∨4-SN:3954 November 27,2015

DASYノEASY口 Parameters of Probe:EX3DV4‐ SN:3954

0ther Probe Parameters

Sensor Arrangement Triangular

Connector Angle (") 63.5

Mechanical Surface Detection Mode enabled

Optical Surface Detection Mode disabled

Probe Overall Length 337 mm

Probe Body Diameter 10 mm

Tip Length 9mm

Tip Diameter 25 mm

Probe Tip to Sensor X Calibration Point l mm

Probe Tip to Sensor Y Calibration Point lmm

Probe Tip to Sensor Z Ca‖ bration Point lmm

Recommended Measurement Distance from Surface 14 mm

Certincate No:EX3‐ 3954 Nov15 Page 11 of 11
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