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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE 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 62209-2, "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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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
parallel to the body axis.

« Feed Point Impedance 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_rghoned 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
,'JA;H‘ system [,‘;rl“\(‘;w;ttnm as far as not ¢ iven on page 1
| DASY Version JASYE V52 88
Extrapolation Advanced Extrapolatior
Phantom | Modular Flat Phantom V¢
Distance Dipole Center - TSL 10 mm with Space
Rk — ad ! —
Zoom Scan Resolution dx,dy=4.0mm,dz =1.4mn iraded Ratio = 1.4 (Z direct
R 5200 MHz + 1 MHz [ '
n— 5300 MHz + 1 MHz
SMBNCY 5600 MHz + 1 MH:
B | _'._z‘\_- )0 Mh,_' + 1 M_ix‘
Head TSL parameters at 5200 MHz
T_m _1( ‘I4;.-.‘u_w_u_lmmmm\ and calculations were applied = o R e e
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220 | 36.0 1.66 mho/m
| ! | !
Measured Head TSL parameters 22.0+0.2) ( ‘ 6.4 + € 4 57 mho/r
Head TSL temperature change during test (
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Conditior
SAR measured 100 mW input powe 06 W/kg
SAR for nominal Head TSL parameters normalized to 1W 80.7 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL onditior
SAR measured 00 mW input power 31 W/kg
SAR for nominal Head TSL parameters normalized to 1W 23.1 W/kg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22 .9 4.76 mho/m
Measured Head TSL parameters 220+0.2)°( 62+6 4.68 mho/m + ¢
Head TSL temperature change during test 0.5
SAR result with Head TSL at 5300 MHz

| SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.26 W/kg
SAR for nominal Head TSL parameters normalized to 1W 82.7 W/ kg = 19.9 % (k=2)

| SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 39 W/kg
SAR for nominal Head TSL parameters ormalized to 1W 23.9 W/kg = 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature | Permittivity Conductivity

+ T |
Nominal Head TSL parameters 22.0 “( 35.5 507 m
Measured Head TSL parameters 220+02)( 35.7+6 5.03 mho/m
Head TSL temperature change during test C

SAR result with Head TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Head_TSL [ Conditior

| SAR V‘H-:‘l_‘il_n-il | 100 mW input power [ 69 W/kg
SAR for nominal Head TSL parameters T normalized to 1W | 87.0 W/kg = 19.9 % (k=2)
SAI';I a;ueraged over 10 em’® {16 g) of H_e;dTSL ' ondition

. SAR :\.:F-: - | 100 mW input power ‘ 17 W/kg

r SAR for nominal Head THL pmame_le:_ | normalized to ‘v‘\i ' 24.7 W/kg = 19.5 % (k=2)
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Head TSL parameters at 5800 MHz

The fo lowing parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 2: £ .27 mh

Measured Head TSL parameters (22.0 £ 0.2) “C + 5.26 mho

Head TSL temperature change during test

SAR result with Head TSL at 5800 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Conditior

SAR measured 8.20 W/kg

SAR for nominal Head TSL parameters ormalized to 1W 82.0 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL onditior
SAR measured 100 mW input power 31 W/kg

SAR for nominal Head TSL parameters 1ormalized to 1TW 23.1 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and calculations were ;gg;p!\w\‘

Temperature Permittivity Conductivity

Nominal Body TSL parameters 19 5.30 mho/r

Measured Body TSL parameters 220 +0.2) ( 179 +6 5.35 mho/m = ¢

Body TSL temperature change during test

SAR result with Body TSL at 5200 MHz

l SAR averaged ov_t:.rTcm" (19) c_)f Body TSL Condition

‘ SAR measured o o E )0 ‘nWiu put |'\r‘\~1(:' l 81 \f; kg

_:\I for nominal Be r'.rtivi' SL ULIFL[HIE:‘";\ T 1 r;:m;s-wl to 1W 77.8 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL ) : nditior 1

[ SAR measured - [ )0 mW input powe . 18 W/kg

‘ SAR for nominal Body TSL parameters o ‘ ormalized to 1W 7 21.7 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were appliec

Temperature } Permittivity Conductivity

Nominal Body TSL parameters 22.0 18.9 5.42 mt

== 4 — 1

Measured Body TSL parameters 220+02) i 1 + € 5.49 mho/m

Body TSL temperature change during test

SAR result with Body TSL at 5300 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Conditior

SAR measured 100 mW input f 88 W/kg

SAR for nominal Body TSL parameters normalized to 78.4 Wikg = 19.9 % (k=2)

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

SAR measured 00 mW input power 20 W/kg

SAR for nominal Body TSL parameters normalized to 1W 21.9 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
! 4 = 1 } :
Nominal Body TSL parameters 22.0°C | 18.5 5.77 mho/m
‘ Measured Body TSL parameters 22.0+0.2) “( 16.7 + 6 5.99 mho/m + ¢
‘ — e e el st | B e nkiy
| Body TSL temperature change during test <0.5°C |
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 8.20 W/kg
 Meaaill . - n— |
| SAR for nominal Body TSL parameters normalized to 1W 81.5 W/kg = 19.9 % (k=2)
| SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power .30 W/kg
SAR for nominal Body TSL parameters normalized to 1W 22.8 W/kg = 19.5 % (k=2)
Body TSL parameters at 5800 MHz
The following parameters and calculations were applied. )
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0 “( | 18.2 6.00 mho/r
Measured Body TSL parameters (220+02)°C 16.4 + ¢ 6.27 mho/m =
i e e | = | 4
Body TSL temperature change during test
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition ]
SAR measured 100 mW input power 88 W/kg
SAR for nominal Body TSL parameters normalized to 1W 78.3 W/kg = 19.9 % (k=2)
| SAR averaged over 10 cm’ (10 g) of Body TSL onditior
SAR measured 100 mW input power 20 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.8 W/kg = 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 tc feed point 18.1 L) - ¢

Return

Antenna Parameters with Head TSL at 5300 MHz

npedance, transformed to feed point

Return
Antenna Parameters with Head TSL at 5600 MHz
mpedance, transformed to feed point

Antenna Parameters with Head TSL at 5800 MHz

mpedance, transformed to feed point ¢ L
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Antenna Parameters with Body TSL at 5200 MHz

mpedance, transformed to feed point

Antenna Parameters with Body TSL at 5300 MHz

ince, transformed to feed point

Antenna Parameters with Body TSL at 5600 MHz

peda instformed to teed point
Antenna Parameters with Body TSL at 5800 MHz
pedar insformed to feed point
et
General Antenna Parameters and Design
rical Delay (one direction )
After long term use with 100W radiated power T
jipole e of standard semirigid coaxial cable he center cond firect
cond a if > antenna is therefore short-circuited for D( Jr r e of the dipoles e
re added to the dipole arms in order to improve matching when | id € it Xp d
M ment Condit paragraph. The SAR data are not affected by tt hange serall dipole 1t
| to the St r
lo ¢ force st be applied to the dig sy nd &
eqyf 1 1
Additional EUT Data
A ufactured
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DASY5 Validation Report for Head TSL

Date: 24.09.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1160

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

Medium parameters used: f = 5200 MHz: 6 = 4.57 S/m: &, = 36.4: p = 1000 kg/m” . Medium parameters
used: f = 5300 MHz: 6 = 4.68 S/m; & = 36.2; p = 1000 kg/m” . Medium parameters used: = 5600 MHz
5.03 S/m; 35.7. p= 1000 kg/m" , Medium parameters used: = 5800 MH~ 5.26 S/m; g, = 35

1 000 k\:\ m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011

DASYS52 Configuration

e Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12,2017, ConvF(5.21, 5.2
5.21): Calibrated: 30.12.2017, ConvF(4.92, 4.92, 4.92): Calibrated: 30.12.2017, ConvF(4.9, 4.9, 49
Calibrated; 30.12.2017,

e Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2018
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA: Serial: 100

e DASY5252.8.8(1222); SEMCAD X 14.6.10(7331

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

Reference Value = 64.41 V/m: Power Drift = 0.08 dB

Peak SAR (extrapolated) = 29 3 Wikg

SAR(1 g) = 8.06 W/kg: SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5300 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm. dy=4mm, dz=1.4mn

Reference Value = 65.31 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 8.26 W/kg: SAR(10 g) = 2.39 W/kg

Maximum value of SAR (measured) = 19.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=dmm. dz=1.4mm

Reference Value = 65.34 V/m: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 34.7 W/kg

SAR(] g) = 8.69 W/kg: SAR(10 g) = 2.47 W/kg

Maximum value of SAR (measured) = 21.0 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm. dy=4mm tmn

Reference Value = 62.41 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 34.5 W/kg

SAR(1 g) = 8.2 W/kg: SAR(10 g) = 2,31 W/kg

Maximum value of SAR (measured) = 20.5 W/k

dB

1-6.66
13.33
19.99

26.66

33.32

0dB = 18.7 W/kg .72 dBW/kg
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Impedance Measurement Plot for Head TSL

S dB/REF -28 dB
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DASY5 Validation Report for Body TSL
Date: 05.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz: Type: DSGHzV2; Serial: DSGHzV2 - SN: 1160

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

Medium parameters used: [ = 5200 MHz: ¢ = 5.35 S/m: &, =47.9. p = 1000 ke/m . Medium parameter
used: f = 5300 MHz: o = 5.49 S/m: & = 47.7: p = 1000 kg/m" , Medium parameters used: f= 5600 MH
5.99 S/m: & = 46.7; p = 1000 kg/m’ , Medium parameters used: = 5800 MHz: o = 6.27 S/m; ¢ 16.4

1000 kg/m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration

e  Probe: EX3DV4 - SN3503; ConvF(4.95, 4.95, 4.95); Calibrated: 30.12.2017, ConvF(4.78, 4.78
1.78): Calibrated: 30.12.2017; ConvF(4.35. 4.35, 4.35); Calibrated: 30.12.2017, ConvF(4.32

1.32): Calibrated: 30.12.2017;
«  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2018
« Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA; Serial: 100

« DASYS5252.8.8(1222); SEMCAD X 14.6.1((7331

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

Reference Value = 67.32 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 7.81 W/kg: SAR(10 g) = 2.18 W/kg

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

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm. dy=4mm. dz=1.4mm

Reference Value = 67.22 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 31.6 W/kg

SAR(1 g) = 7.88 W/kg: SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 18.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm. dz=1.4mm

Reference Value = 67.36 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 36.6 W/kg

SAR(1 g) = 8.2 W/kg; SAR(10 g) = 2.3 W/kg

Maximum value of SAR (measured) = 20.2 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm. d2 fimi
Reference Value = 65.22 V/m: Power Drift =-0.03 dB

Peak SAR (extrapolated) 37.1 W/ke

SAR(1 g) = 7.88 W/kg: SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 19.7 W/k

dB
]

1-6.71
-13.42
20.13

26.84

13.55

dB = 18.2 W/kg 12.60 dBW/k
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Impedance Measurement Plot for Body TSL
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

Head-5200
) Real Imaginary
meaDsaL:‘rae(r):ent Retl(Jc;ré)loss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
(ohm) (ohm)
2018-10-08 -21.05 48.11 -8.52
2019-10-08 -21.31 1.24 48.37 0.26 -9.78 1.26
Body-5200
Real Imaginary
meaD:Lj?e?T:ent RetL(Jc;g-)loss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
(ohm) (ohm)
2018-10-08 -23.04 48.55 -6.81
2019-10-08 -23.41 1.61 48.93 0.38 -7.39 0.58
Head-5300
Real Imaginary
meaD:ljfe?éent Retl(,l(;g-;OSS Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
(ohm) (ohm)
2018-10-08 -25.66 50.16 -5.23
2019-10-08 -26.17 1.99 52.23 2.07 -6.11 0.88
Body-5300
) Real Imaginary
megsalj‘rae(r);ent Retl(J(;ré)loss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
(ohm) (ohm)
2018-10-08 -27.13 49.01 -4.25
2019-10-08 -27.48 1.29 49.63 0.62 -5.29 1.04
Head-5600
Real Imaginary
meaD:ﬁecr):ent RetL(Jc;g-)loss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
(ohm) (ohm)
2018-10-08 -25.74 54.79 -2.54
2019-10-08 -26.33 2.29 55.83 1.04 2.9 0.37
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Body-5600
Real Imaginary
Date of Rgin-loss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
measurement (dB)
(ohm) (ohm)
2018-10-08 -24.62 56.20 -0.74
2019-10-08 -25.09 1.91 57.06 0.86 -1.88 1.14
Head-5800
) Real Imaginary
Datedt Return-loss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
measurement (dB)
(ohm) (ohm)
2018-10-08 -27.73 53.01 -2.97
2019-10-08 -28.13 1.44 55.23 2.22 -3.69 0.72
Body-5800
) Real Imaginary
Dgie of Returncloss Delta (%) Impedance Delta (ohm) impedance Delta (ohm)
measurement (dB)
(ohm) (ohm)
2018-10-08 -24.76 55.88 -1.71
2019-10-08 -25.39 2.54 56.43 0.55 -2.76 1.05

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.
Therefore the verification result should support extended calibration.

***END OF REPORT*****
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