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Calibration Laboratory of
Schmid & Parner
Engineering AG

Zeughausstrasse 43, 8004 Zarich, Switzerland

S Schweizerischer Kalibrierdisnst
Service suisse d'étalonnage

c Servizio svizzero di taraiura

S swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories fo the EA
Fiuitilateral Agreement for the reqognition of calibration certificates

Glossary:

TSL fissue simulating lquid

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

Caiibration 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

by 1EC 62208-2, "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

¢} KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additienal Documeniation:
dy DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is ransformed from the
measuremeant at the SMA cormector o the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Defay: Cne-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

+  SAH measured: SAR measured af the stated antenna input power.

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

«  SAR for nominal TSI parameters: The measured TSL parameters are used to caleulate the
nominal SAR resuit.

The reporied uncertainty of measurement is stated as the standard uncertainty of measurement
mutltiplied 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 system caonfiguration, as far as not g

iven on page 1.

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z diraction)

Freguency

5200 MHz = 1 MHz
5250 MMz = 1 MHz
5300 MHz = 1 MMz
5500 MHz £ 1 Mz
5600 MHz = 1 MHz
5750 MHz = 1 MHz
5800 MHz £ 1 MHz

Head TSL parameters at 5200 MHz

The foliowing parameters and calculations were applied.

Temperature Perrittivity Conductivity
Nominal Head TSL parameters 220°C 360 4.66 mho/m
Measured Head TSL parameters (22.0:02)°C 352+6% 451 mhofm 6%
Head TSL temperature change during lest <05°C —
SAR result with Head TSL at 5200 MHz
SAR averaged aver 1 cm® {1 g} of Head TSL Condition
SAR measured 100 mW input power 7.78 Wikg

SAR for nominal Head TSL parameters

normmalized to 1W

77.5 Wikg = 19.9 % (k=2}

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

condition

SAR measured

100 mW input power

2.25 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.3 Wikg = 19.5 % (k=2}

Cortificate No: DEGH2V2-1020_Janté
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Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°0 35.9 4.71 mho/m
Weasured Head TSL paramsters (22.0+0.2)°C 352+6% 4.55 mho/m =6 %
Head TSL femperature ¢change during test <(.5°C e e
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 ¢cm® {1 g) of Head TSE Condition
SAR measured 100 mW input power 8.00 Wikg

SAR for nominal Head TSL parameters

normalized o TW

78,6 Wikg x 19.9 % (k=2}

SAR averaged over 10 em® {10 g) of Head TSL.

condition

SAR measured

100 mW input power

2,51 Wkg

SAR for nominal Head TSL parameters

normatized to 1W

22.9 Wikg = 19.5 % {k=2}

Head TSL parameters at 5300 MHz

The following parameters and calcuiations were appliad.

Temperature Parmitdvity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters {220+ 02)°C 359.126% 4.60 mho/m 6 %
Head TSL temperature change during test < 0.5°C o e
SAR resuit with Head TSL at 5300 MMz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.28 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

82.3 Wkg * 19.8 % (k=2)

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

condition

SAR measured

100 mW input power

2.30 Wikg

SAR for nominal Head TSt parameters

normalized to 1W

23.7 Wikg x 19.5 % (k=2)
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Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Notninal Head TSL parameiers 22.0°C 35.6 4.96 mho/m
Measured Head TSL parameters (22.0202)°C 34.84+8% 4,79 mho/m =6 %
Head TSL iemperature change during test <05°C o —
SAR result with Head TSL at 5500 MH=z
SAR averaged over 1 cm® {1 g) of Head TSL Condition
SAH measured 100 mW input power 8.10 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

80.5 Wike = 19.9 % (k=2)

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

condition

SAR measured

100 mW inpul power

2.32 Wkg

SAR for nominal Head TSL parameters

normatized o 1W

23.0 Wikg + 19.5 % {k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (220 0.2)°C 347 £6% 4.90 mho/m 6 %
Head TSL temperature change during test <0.5°C e e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 om® (1 g) of Head TSL Condition
BAR measured 100 mW input power 8.42 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

83.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.43 Wikg

SAR for nominal Head TSL parameters

normalized to TW

24.1 Wikg + 19.5 % (k=2}
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Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m
Measured Head TSL parameters (22.0+02y°C 34526% 5.05 mho/m =6 %
Head TSL temperature change duting test <Q.5°C R -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g} of Head TSL Condition
SAR measured 100 mW Input power 7.96 Wihkg

SAR for nominal Head TSE parameters

normaiized to 1W

79,1 Wikg = 19.9 % (k=2

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

condition

SAR measured

100 mW input power

2,28 Wikg

SAR for nominal Head TSL parameters

norrnalized 1o 1W

22,6 Wikg = 19.5 % (k=2)

Head TSL paramelers at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 353 527 mho/m
Measured Head TSL parameters {22.0+0.2)°C 34.4468% 510 mho/m £ 6 %
Head TSE temperature change during test <0.5°C e e
SAR result with Head TSL at 5800 Mz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.99 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

79.4 Wikg + 10.9 % (k=2)

SAR averaged over 10 cn® {10 g) of Head TSL

condition

SAR measured

100 mW input power

229 Wikg

SAR for nominal Head TSL parameters

normalized fo 1W

22,7 Wikg = 18.5 % {(k=2}
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Body TSL parameters at 5250 MHz

The following parameters and caloulations were applied,

Temperature Permittivity Conductivity
Nominral Body TSL parameters 22.0°C 48.8 5.36 mho/m
Measured Body TSL. parameters (220202 °C 47.0+£8% 5.44 mho/m =6 %
Body TSL femperature change during test <0.5°C e e
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 em® {1 g} of Body TSL Condition
SAR measured 100 mW input power .36 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

73.0 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.09 Wikg

SAR for nominal Body TSL parametars

nerrmalized o TW

20,7 Wikg + 18.5 % (=2}

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied,

Temperature Permitiivity Conductivity
Nominal Bedy TSL parameters 20.6°C 48.5 577 mho/m
Measured Body TSL parameters (220:02)°C 46.4 26 % 5,91 mho/m £ 6%
Body TSL temperature change during test «05°C nmem e
SAR resuit with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 ¢} of Body TSL Condition
SAR measured 100 mW input power 7.82 Wikg

SAR for nominal Body TSL paramelers

normalized o 1W

F7.6 Wikg £ 19.8 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSL parameters

normalized o 1W

21.9 Wikg  19.5 % (k=2)
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Neminal Body TSL parameters 22.0%C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0x02)°C 46.1 +6% 6.12 mho/im +6 %
Body TSL temperature change during test < 0.5°C e —
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 MW input power 7.39 Wikg

BAR for nominal Budy TSL parameters

normalized to TW

73,3 Whkg £ 19.8 % (k=)

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

condition

SAR measured

106 mW input power

2.07 Wikg

SAR for nominal Body TSE parameters

normalized to 1W

20.5 Wkg + 19.5 % (k=2}
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 4940 -97iQ

FHeturn Loss -202dB
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 424Q-57i

Retumn Loss ~24.7dB
Antenna Parameters with Head TSL at 5300 MHz

Impadance, transtormed to feed point 51.70Q-36

Retum Loss -28.3d8
Antenna Parameters with Head TSL at 5560 MMz

impedance, transformed 10 feed point 4920151

Retumn Loss -35.0dB
Antenna Parameters with Head TSL at 5600 MHz

impedance, ransformed to feed point 5480 -33iQ

Return Loss -25.1dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 57.50Q+0.3iQ

Feturn Loss -23.1 4B
Antenna Parameters with Head TSL at 5800 MHz

impedance, transformed 1o feed point 5800+ 010

Returmn Loss -25.0dB

Carificate No: DSGHZV2-1020_Jant8
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Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed 1o feed point 51.80-52K

Raturn Loss - 25.4dB

Antenna Parameters with Body TSL at 5600 MHz

Impedarce, transformed 10 feed point 5440-16K

Hetumn Loss -28.9d8

Antenna Parameters with Body TSL at 5750 MHz

impedance, transformed 1o feed point 58804090

Return Loss -21.8dB3

General Antenna Parameters and Design

HElectrical Delay (one direction) 1199 ns

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

The dipole is made of standard semirigid coaxial cable. The center conducter of the feeding line is directly connected to the
second arm of the dipole. The antenna is therelore 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 10 the position as explained in the
"Measuremeant Conditions” paragraph. The SAR data are not affected by this change. The overall dipcle 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 February 05, 2004
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DASYS Validation Report for Head TSL

Date: 20.01.2016
Test Laboratory: SPEAG, Zurich, Switzeriand

DUT: Dipele DSGHzV2; Type: DSGHzV2; Serial: DSGH2V2 - SN: 1028

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5250 MHz, Frequency: 5300 MHz,
Frequency: 5500 MHz. Frequency: 5600 MHz, Frequency: 5750 MHz, Frequency: 5800 MHz

Medinm parameters used: f= 5200 MHz; 6 =4.51 $/m; & = 35.2; p = 1000 kg/m® . Medium parameters used: f = 5250
MHz; ¢ = 4.55 S/m; £ = 35.2: p = 1000 kg/m? , Medium parameters ased: f= 5300 MHz; o = 4.6 8/m; & = 35.1: p=
1000 kg/” . Medium parameters ased: £ = 5500 MHz; o = 4.79 S/m; & = 34.8; p = 1000 kg/m® , Medium parameters
used: f= 5600 MHz; 6 = 4.9 S/m; &, = 34.7; p= 1000 kg/m? , Medium parameters used: f = 5750 MHz; o = 5.05 8/m;
&= 34.5; p = 1000 ke/m’ , Medium parameters used: f = 5800 MHz: 6 = 5.1 S/my; 20 = 34.4; p = 1000 kg/m?

Phantom section: Flat Section

Measurement Standard: DASY5S (IREE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

s Probe: EX3DV4 - SN3503: ConvF(5.59, 5.59, 5.59); Calibrated: 31.12.2015, ConvF(5.53, 5.53, 5.53);
Calibrated: 31.12.2015, ConvF(5.25, 5.25, 5.25); Calibrated: 31.12.2015, ConvF(5.18, 5.18, 5.18); Calibrated:
31.12.2015, ConvFi(4.99, 4.99, 4.99); Calibrated; 31.12.2015, Conv¥4.95, 4.95, 4.95); Calibrated:
31.32.2015: Convi¥(4.95, 4,95, 4,95); Calibrated: 31.12.2015;

= Semsor-Surface: |4wmim (Mechanical Surface Detection)

+ Electronics: DAEA Sn601; Calibrated: 30.12.2018

s Phantom: Flat Phantom 5.0 {front); Type: QDOOOPS0AA; Serial: 1001
s DASYS25288(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissne 2/Pin=100mW, dist=10mm, f=5200 MIz/Zoom Scan, dist=1.4dmm
{8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Valae = 72.07 Vim: Power Drift = 0.0} dB

Peak SAR {extrapolated) = 28.1 W/kg

SAR(I g) = 7.79 W/kg; SAR(10 g) = 2.25 W/ke

Maximum value of SAR (measured) = 18.2 W/kg

Bipole Calibration for Head Tissue 2/Pin=100mW, dist=10mm, £=5258 MHz/Zoom Scan, dist=1.4mm
(8x8x7)/Cube 0: Measurement grid: dx=dmm, dy=4mm, dz=1 4mm

Reference Valoe = 72,72 Vim; Power Drift = 0.06 dB

Pesk SAR {cxtrapolated) = 29.2 W/ikg

SAR(L g) = 8 Wikg; SAR(19 g) = 2.31 Wikg

Maximum value of SAR (measured) = 18,7 Wikg

Dipote Calibration for Head Tissue 2/Pin=100mW, dist=10mm, (=5300 MHz/Zoom Scan, dist=1.4mm
(6x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 73.60 V/m; Power Drift = 0.09 dB

Peakt SAR {extrapolated) = 31.2 W/kg

SAR(1 g) =828 Wikg; SAR(16 ) =239 Wikg

Maximum value of SAR (measured) = 19.6 W/ke
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Dipole Calibration for Head Tissue 2/Pin=100mW, dist=10mm, f=5508 MHz/Zoom Scan, dist=1.4rmm
(8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72.02 Vim: Power Drift = 0.06 dB

Peak SAR (extrapolated) = 32.0 Wikg

SAR(1 23 = 8.1 W/ke; SAR(10 ) = 2.32 Wikg

Maximum value of SAR {measured} = 19.7 Wikg

Dipole Calibration for Head Tissue 2/Pin=106mW, dist=10mm, {=5600 MI1z/Zoom Scan, disi=1.4mm
(8x8x7YCube §: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72.66 Vim; Power Drift = 0.02 4B

Peak SAR (extrapolated) = 32.9 Wig

SAR(I g) = 8.42 W/kg; SAR(30 g) = 2.43 Wikg

Maximum value of SAR (measured) = 20.3 Wikg

Dipole Caibration for Head Tissue 2/Pin=1000W, dist=10mm, {=3750 MH+Zoom Scan, dist=1.4mm
{8x8x7y/Cube 6: Measurement grid: dx=dmm, dy=4mm, dz=1.4mm

Reference Value = 70.61 Vim; Power Drift = 0.05 4B

Peak SAR (extrapolated) = 32.4 Wikg

SAR(1 gy = 7.96 Wikg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.5 Wikg

Dipole Calibration for Head Tissue 2/Pin=100mW, dist=10mm, (=5800 MH2/Zoom Scan, dist=1.4nm
{&x8x 7)Y/ Cube O: Measurement grid: dx=4mm, dy=4mm, dz=! 4mm

Reference Value = 70.21 Vim; Power Drift = (.07 dB

Peak SAR (extrapolated) = 32.7 W/kg

SAR(L g} = 7.99 W/kg; SAR(10 ) = 2.2% W/kg

Maximam value of SAR (measured) = 19.8 Wikg

0 dB = 18.2 Wikg = 12.60 dBW/kg

Certificate No: DSGHzVZ-1020_Jan1t Page 12 of 17



impedance Measurement Plot for Head TSL (5200, 5300, 5600, 5800)
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impedance Measurement Plot for Head TSL (5250, 5500, 5750)
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DASYS Validation Report for Body TSL

Date: 13.01.2010

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV?Z; Serial: BSGHzV2 - SN: 1026

Communication System: UID § - CW; Freguency: 3250 MHz, Frequency: 5600 MHz. Frequency: 5756 MHz
Medium parameters used: = 5250 MHz; o = 5.44 S/m; & = 47; p= 1000 kg/m’ . Medium parameters nsed: £ = 5600
MHz; ¢ = 591 Sfmi g = 404, p= 1000 kg!nf , Mediurm parameters used: f=5730MHz, 6= 0612 $/m; ec =461 p =
1006 kg/m?

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

L

Probe: EX3DV4 - SN3503; ConvF(4.85, 4.85. 4.85); Calibrated: 31.12.2015, ConvF{4.35, 4.35, 4.35);
Calibrated: 31.12.2015, ConvE{(4.3, 4.3, 4.3); Calibrated: 31.12.2015;

Sensor-Surface: dmm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1602
DASYS2 52.8.8(1258), SEMCAD X 14.6.10(7372}

Diipole Cafibration for Body Tissue/Pin=106mW, dist=18mm, {=5250 MHz/Zoom Secan, dist=1.4mm
(8x8x7 W Cube §: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.83 V/m,; Power Drift = .04 dB

Peak SAR {extrapclated) = 27.5 W/kg

SAR(L 2) = 7.36 W/kg; SAR(0 g) = 2.09 Wikg

Maximuom valoe of SAR (measured) = 174 W/kg

Dipole Calibration for Body Tissue/Pin=160mW, dist=1lmm, =860 MHz/Zoom Scan, dist=1.4mm
(8x8x7)/Cube 0 Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 67.07 V/in; Power Drift = -0.01 dB

Peak SAR (extrapofated) = 31.9 Wikg

SAR(L gj = 7.82 W/kg; SAR(19 g} = 2.21 Wike

Maximum value of SAR {measured} = 19.1 Wik

Dipole Calibration for Bedy Tissue/Pin=100mW, dist=10mm, £=5750 MHz/Zoom Scan, disé=1.dmm
(Bx8x7)/Cabe 3: Measnrement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.16 V/m; Power Drift = 001 dB

Peak SAR (extrapolated) = 31.5 Wikg

SAR(I g) = 7.39 Wikg; SAR(G0 gy =207 Wikg

Maximum value of SAR {measured) = 18.3 W/ke
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-158.02

-25.36

-31.78

0dB =174 W/kg=12.41 dBW/kg
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Impedance Measurement Plot for Body TSL
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