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Impedance Measurement Plot for Head TSL
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Impedance Measurement Plot for Head TSL
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Impedance Measurement Plot for Head TSL

Trl 511 Leog Mag 10, 00de/ el G, 00Ude [F1]

|3 1.3000000 GHZ =27, 0% i i3]

. w0 i
(Pl 511 swith (eefd scale 10000 [F1 pel]
1L L.0000000 GHz %0.B34 0 A.3B07 0 366,05 pH
— \
1 i
iy |
. !
I |
J|
|
! F
1 Start 1,7 GHe IFEMW 100 Hr

Certificate No: 24J02Z000419 Page 6 of 6

CAICT

Stop 2.1 GHe TRl









D25502 - SN 1015 August 16, 2024

Measurement Condltions

DASY systern conliguralion, as lar as not given on page 1.

DASY Verslon DASYS Module SAR 16.4.0

Extrapolakion Advanced Exirapolation

Phantom tModular Flat Phantom

Distance Dipole Center - TSL 10 mm with spacer

Zoom Scan Resolution dx, dy = 5mim, ¢z = 1.5mm Graded Ralio « 1.5 mm (£ dirgclion)
Freguancy 2550MHz +1MHz

Head TSL parameters at 2550 MHz

The followlng parameters and calculalions were apiied.

Tamperaturs Parmittivity Conductivily
Hominal Head TSL parameters 220°C 39.1 1.81 mhofm
Maasured Head TSL parameters {22.0 £0.2)°C 7.5 2% 1.85 mho/im £6%
Head T5L temparature change during test «(.5°C

SAR result with Head TSL at 2550 MHz

SAR averaged over 1 cm? {1 g) of Head TSL Condilon
SAR for nominal Head TSL paramelers 24 dBm inpul power 13.6 Wik
SAR for nominal Head TSL paramalars normalized to 1W Bd.1 Wikg +17.0% (=2}
SAR averaged over 10 cm® {10 g} of Mead TSL Condition
SAR lor nominal Head TSL paramelers 24 dBm lnput power 6.21 Wikg
SAR for nominal Head TSL parameters rormalized lo 1W 24.7 Wikg £16.5% (k=2)

Certificate No: D2550Y2-1013_ Aug24 Page 3ot 6




D2550M2 - SN 15 August 16, 2024

Appendix {Addltlonal assessments gulside the scope of SC5 0108}
Antenna Parameters with Head TSL at 2550 MHz

Impedance 5040130
Return Loss -2374dB

Genaral Antenna Parameters and Deslgn

[ Electrical Delay {one direction) | 1.151 ns |

Alter long term uze with 100W radiated power, only a slight warming of the dipole near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial catde. The center conductor ol the feeding line is diractly connected to the
second arm of the dipole. The anlenna ig theralore shork-clrculted lor DC-slgnals. On some of the dipoles, small and caps ara
added to the dipole arms in order to improve malching when Yoaded according 1o the position as explained in the
"Meazurement Condilions® paragraph. The SAR data are not affectad by this change. The overall dipole length is sl
according to the Standard. Mo excessive force must be applied to the dipole arms, because they mighl Hbend or the soldered
connections near the leedpoint may be damaged.

Additional EUT Data

Manulaclured ty SPEAG

Cartificale Mo: DEESOVE-1015_Aug2d Page 4 ol §






D2550v2 - SN: 1015

Impedance Measurement Plot for Head TSL

August 16, 2024
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DSGHZW2 - SN: 1492

Measurement Conditlons

DASY systern condlguration, as far as nol given on page 1,

Cwzlober 17, 2024

Frequency

5300MHz +1MHZ
BEO0MHZ +1kH2
ES00MHz £1MHz
A500MHz +1MHz

DASY Verslon DASYE Module SAR 16.4.0

Extrapclation Advanced Extrapolation

Phantom Modular Flal Phantomn

Distance Dipele Center - TSI, 10 mm wilh spacer

Zoom Scan Resolution dx, dy = 4mm, d2 = 1.dmm Graded Ratio = 1.4 mm (£ direclion)
S200MHz +1MHz

Head TSL parameters at 5200 MHz

The Bilowing parameters and calculalions were applied,

Temperalurs Parmittlvity ConducHvity
Hominal Head TSL paramalers 220°C 36.0 4.66 mhaim
Measured Head TSL parametars (220 £0.2)°C 35.9 6% 451 whoim £6%
Head TSL iemperature change during test =0.5°C
SAR raesult with Head TSL at 5200 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR tor nominal Head TSL parameters

20 dBm input power

7.60 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1V

76.0 Wikg £19.9% (k =2}

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

Condition

SAR for nominal Head TSL parameters

20 dBm input powver

2.20 Wikg

SAR kot nominal Head TSL paramsetsrs

normalized to 1W

22.0 WG £19.5% (k=2)

Certificale Mo, D5GHZV2-1412_0ct24

Page 3of 12




DSGHzV2 - SN 1412 October 17, 2024

Head TSL parameters at 5300 MHz
The following parametets and calculations wers applied.

T e

T R PSP EETTET PR

Temperatute Paymittivity Conductlvity
Hominal Head TS5l parameters 20 258 4,76 mb/m
Measured Head TSI, parameters (220 £0.2Y°0C 35.7 £6% 4.80 mho/m +6%
Head TSL temperature change during test <05°G
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 em® (1 g) ol Head TSL Condiion

SAR for nominal Head TSL parameters

20 dBim input power

2.06 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

80.6 Wikg £19.9% (k =2)

SAR averaged over 10 ¢m? (10 g) of Head TSL

Condition

SA&R lor nominal Head TSL parameléars

20 dBm input power

2,33 Whg

SAR for nominal Head TSL parametars

normalized o 1W

233 WG £19.5% (k=21)

Head TSL parameters at 5500 MHz

The following parameters and calculalions wers applied.

Temperaturs Permitiivity Conductivity
Hominal Head TSL parameters 220 35.8 496 mhodfm
Measured Head TSL paramalars (22.0 £0.2°C 352 6% 4.52 mho/m +6%
Head TSL tempearature change duting lesi <05°C
SAR result with Head TSL at 5500 MH2
SAR averaged over 1.cm? (1 g) of Head TSL Condilion

ZAR for nominal Head TSL parameters

20 dBm inpLit powear

8.56 Wikg

SAR for nominal Haad TSL parameters

nommaljized o 1W

85.8 Wikg £19.9% (k=2

SAR averaged over 10 om? {10 g) of Head TSL

Condition

SAR for nominal Head TSL parametars

20 dBrm input power

245 Wikg

SAR for nomingl Head TSL parameters

normalized to 1YW

24.5 Wikg +19.5% {k = 2)

Carliilcate Mo DBGHzZVE-1412_Oct24

Page 4 ol 12




DSGHzVE - BN 1412 Ociober 17, 2024

Head TSL paramelers at 5600 MHz

The tollowing parametars and calculations were applied.

P T T L

B

Temperature Parmitlivity Conductivity
Mominal Head TSL parameters 22.0°C 355 £.07 mhofm
Measured Haad TSL pavamelbers {220 £0.2y°C 251 +6% 4.94 mhodm £6%
Head TSL tamperaiure change durling test <05°C
SAR resull with Head TSL at 5600 MHz
—_
SAR averaged aver 1 ¢m? (1 g} of Head TSL Condilion

SAR for nominal Head TSL patamelers

20 dBm input power

£.33 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

83.3 Wikg £19.9% [k = 2)

SAR averaged over 10 cm? {10 g) of Head TSL

Condilion

SAR lor nominal Head TSL parameters

20 dBm input power

2 41 Wikg

SAR for nominal Head TSL parameters

nomalized o 1W

24.1 Wikg £19.5% fk = 2)

Head TSL parameters at 5800 MHz

The tollowing paramelers and calculations were applied.

Temperature Permitiivity Conductivity
HNominal Head TSL parameters 220°0C 35.3 5,27 mhoim
Measurad Head TSL parameievs {22.0 £0.21°C 34.9 £6% 5.15 mhiim £6%
Head TSL temperaiure change during test <0.5C
SAR result with Head TSL al 5800 MYz
SAR averaged over 1 om® (1 ¢) of Head TSL Candltion

SAR tor nominal Head TSL parameters

20 dBrm input power

7.90 Wikg

SAR for nominal Head TS parameters

normalized 1o 1W

79.0 Wikg £19.9% fk = 2)

SAR averaged over 10 cm? {10 g) of Head TSL

Condition

SAR for nominal Haad TSL parameters

20 dBm inpul powear

2,27 Wikg

S5AR tor nominal Hesd TSL paramelars

normalized to 1W

227 Wilkg £19.5% (k =2}

Cartificate Mo: DEGH2Y2-1412_Octld
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D5GHzY2 - SN 1412

Appendix (Additiona! assessments outside the scope of SCS5 0108)

Antenna Parameters with Head TSL at 5200 MHz

Cctober 17, 2024

Impedance 5330-48i0

Return Loss -25.0 4B
Antenna Parameters with Hoead TSL al 5300 MHz

Impedance 484 O+ 2,000
Relurn Loss 31.64dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance 476 0-2.2j0 ]

Relurn Loss -Pa.5 dBe
Amtanna Paramelers with Hoad TSL al 5600 MHz

Impedance 55.00+0.5i0

Reiurn Loss -25.1 dB
Anlenna Parameters with Head TSL at 5800 MHz

Impeadance 50.5 (1 +4.2 0

Return Loss 275 dB
General Antenna Parameters and Design
[ Etectrical Delay {one direction) | 1.207 ng

Adbear long term use wilh 100W radiaied powar, only a slight warming of the dipole near the feedpoint ¢an be measured.

The dipols is made of standard semirigid ceaxial cable. The center conductor of the tesding line is directly connected to the
second arm ol the dipole. The anlenna is therefore short-circuitad for DC-signals. On some of the diptles, small end caps are
addsd to the dipole arms in order to improve matching when loaded according to the position as explalned Ln the
“Measurement Condilions" paragrapti. The SAR data are not affectad by this changs. The overall dipole length is still
according to Ihe Slandard. No excessive force must be applied to ihe dipole arms, because they might bend or the seldared

connections near the leedpoint may be damaged,

Additlonal EUT Data

Manulaclurad by

SPEAG

Cortilicata Mo, D5GHzV2-1412_0Oct24 Page G of 12



















D5GHzV2 - SN: 1412 October 17, 2024

Impedance Measurement Plot for Head TSL
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D3500V2 - BM: 1164 Oclober 17, 2024

Measuremeant Condilions

, DASY syslem canflguration, as far 25 nel given on page 1.

1_ | DASY version DASYS Module SAR 16.4.0
Exwrapalation Advanced Extrapolation
Phantom Modular Flat Phantom
§ Distance Dipole Center - TSL 10 tim with spacer
: Zoom Scan Resolution dx, dy = 5mm, dz = 1.4mm Graded Ratio = 1.5 mm (Z direction)
F A100MHz £IMHZ
requency 3500MHz +1MHz

Head TSL parameters at 3400 MHz
The following paramaters and calculations were applied.

Temparature Permitthvily Conductivily

: Hominal Head TSL parameters 220" 38,0 2.81 mhafm
Measzurad Mead TSL parameters {22.0 £0.2°C 38.2 +6% 2.54 mhofm +6%
Head TSL temperaiure change during lest =0.5°C

SAR result with Head TSL at 3400 MHz

SAR averaged over 1 cm® (1 g) of Mead TSL Conditlon

SAR for nomimat Head TSL parameters 20 dBm input pover .92 Wikg

SAR lor nominal Head TSL parameters normalized to 1W 69.2 Wikg +£19.9% (k = 2)
SAR averaged over 10 cm® (10 g) of Head TSL Condition

! SAR for nominal Head T5L paramelers 20 dBm input power 2,63 Whg

SAR for nominal Head TSL parameters normallzed to 1W 26,2 Wikg £19.5% (=2}

i
i

Cerlilicata Mo D3500V2-1164_0ct24 Page 3 ol 8
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D3500V2 - SH: 1164

Head TSL parameters at 3500 MHz

The lollowing parameters and calcUlalions wers applied,

Ociober 17, 2024

Temperature Permittivity Conductivily
Hominal Head TSL parameters 220°C 30 2.91 mhofm
Measured Head TSL parameters (22.0 £0.2°C 38.1 +6% 292 mhodm £6%
Head TSL iemperature change during Lest =0.5°C
SAR result with Head TSL at 3500 MHz
SAR averaged over 1 ecm® {1 g) of Head TSL Condition

SAR lor nominal Head TSL parameters

20 dBm input powar

6.53 Wtk

SAR for nominal Head TSL parameters

normalized o 1W

5.3 Wkg £19.8% (k=2)

SAR averaged over 10 cm? {10 g} of Head TSL

Condition

SAR Kt nominal Head TSL parametsrs

20 dBm input poveer

2.48 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

24.8 Wikg £19.5% (k= 2}

Eertificaie MNo: D3s00Y2-1164_0c124

Page 4 ol 5
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La3600V2 - SN 1164 QOctober 17, 2024

Appendix (Additional assessments outside the scope of SCS 0108}
Antenna Parameters with Head TSL at 3400 MHz

Impedancs 46,1 01-2.1j0
Raturn Loss -26.8 dB

Antenna Paramseters with Head TSL al 3500 MHz

Impadance B1.7{1+4.2i(
Realurn Loss -27.0dB

General Antenna Parameters and Design

| Elecirdcal Delay (one direction) ! 1.151 ns i

After jong term uss with 100W radiated power, only a slight warming of the dipote near the teedpinl ¢an be meazured.

The dipole ls made of slandard semirigid coaxial cable, The center condustor of the teeding Iine |s directly connected to the
sacond atm of the dipole, The antenna is therefors shott-circlilted lor DC-signals. On some of the dipoles, small end caps are
added to the dipole amms in order to improve matching when loaded according 1o the position as explained in the
"Measurement Condlticns” paragraphy. The SAR data are not aflected by Ihis change. The overall dipole lenglh is st
accarding lo the Standard, No excessiva force musl be applied 1o he dipole arms, because they might bend or the soldered
conmections near the feedpoint may He damaged.

Additional EUT Data

Manufactured by SPEAG

Certilicals Mo: D3SHOVE-1164_Oct24 Page & of 8









D3s00V2 - SN: 1164 October 17, 2024

Impedance Measurement Plot for Head TSL
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D3700Y2 - SM. 1139 Qctober 17, 2024
Measurement Conditions
DASY system conliguraliot, as far as nol given on page 1.

DASY Version DASYS Module SAR 16.4.0

Extrapoiation Advanced Extrapolation

Phaniom Modulzr Flat Phantom

Distance Dipole Center - TSL 10 mm with spacer

Zoom Scan Rescluticn d¥, dy = bmim, dz = 1.4mm Graded Ratie = 1.5 mm (Z direction)

Fraquency

IMOMHz £ 1MHz

Head T5L parameters at 3700 MHz

The lallowing parameters and calculalons wers applled,

Temperatura Permiltivity Conductivity
Nominal Head TSL paramelars 220°C 3.7 3.12 mhoim
Measured Head TSL parameters (22.0 £0.2°C 37.8 +6% 3.08 mhofm £6%
Head TSL temperature change during lest «<0.5°C
SAR result with Head TSL at 3700 MHz

SAR averaged over 1 cm? (1 g) of Head TSL Condilien

SAR for nominal Head TSL parameiers 20 dBm inpul power £.93 Wikg

SAR for nominal Head TSL parametars normalized to 1W 60,3 Wikg £19.9% (k=2

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

Condiion

SAR lor nominal Head TSL parameters

20 dBm inpUt power

2.54 Wikg

SAR for nominal Head TSL paramelers

normmalized o 1W

25.4 Wikg +19.5% (k= 2}

Certilicale Mo: D3700V2-1139_Chci24
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DATONE - SM: 1138 Oclober 17, 2024

Appendix (Additlonal assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3700 MHz

Impedance 43.30+1.6 |0
Return Loss -22.6 48

General Antenna Parameters and Design

| Elscirical Delay (one direction} [ 1,131 ns !

After long torm use wilh 100W radiated power, only 2 slight warming ot the dipole near the feedpoinl can be measurad.

The dipole |s made of standard semirigid coaxial cable. The center conductor of Lhe leeding line |3 direcily connacted t 1he
sacond arm ol the dipole. The antenna Is therefore short-circuited for DC-signals. On soms of the dipoles, small gnd caps are
added 1o the dipols arms in order to improve matching when loaded according to the pesition as explained in the
"Measurernenl Conditions™ paragraph. The SAR data are nol aflected by this change. The overall dipole length is siill
according to the Standard, Mo #xcessive fore must be applied to lhe dipols arms, because they might bend or the soldersd
connections near the feedpoint may be damaged.

Additional EUT Data

Manuiaciured by SPEAG

Cerlificals Mo: D3FOOV2-1130_Oct24 Fage 4 ol 6






D3700V2 - 8N: 1139 October 17, 2024

Impedance Measurement Plot for Head TSL
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D390OYE - SH: 1106 Cotobar 17, 2024

Measurement Conditions

DASY syslem contiguralion, £ far as nol given on page 1.

DASY Version DASYS Madulz SAR 16.4.0

Advanced Exirapolation

Exirapolation

Phantom Modular Flal Phantom
Distance Dipole Centar - TSL 10 mm

Zoom Scan Resalution

with spacer
Graded Ratio = 1.5 mm {Z direction}

dx, dy = Spm, dz = 1.4mm

S200MHz £ 1MH2
4{00)MHz 2 1KHz

Frequency

Head TSL parameters at 3900 MHz

The followlng parameters and calculations were aprfied.

Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220G K ] 3.22 mho/m
Maasured Head TSL parameters (220 202°C 376 6% 325 mhoim £6%
Head TSL lemperature change during Yes\ «05°C
SAR result with Head TSL at 3900 MHz
SAR averaged over 1 cm® (1 gj of Head TSL Condliion

SAR kot nominal Head TSL parameters
SAR for nominal Head TSL parameters

20 dBm [nput power
normallzéd o 1W

6.95 Wikg
BO.5 Wiy £19.9% (k=2

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

Condition

20 dBm inpul power 2,43 Wikg

24.3 Wikg £19.5% (k= 2)

SAR for nominal Head TSL paramelers normalized to 1W

e At

Cerlillcate MNo: DI2O0V2-1106_Cct24

Page 2 of 8
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D302 - SH: 1108

Head TSL parameters at 4100 MHz

The kllowing parameters and calculations were applied.

Otaber 17, 2024

Temperaiure Permittivity Conduclivity
Mominal Head TSL parameters 20°C 37.2 3.53 mhadm
Measured Head TSL paramelers {22.0 +0.2Y'C 374 £6% 3.42 mhofm £6%
Head TSL temperature change during lest <057
SAR result with Head TSL at 4100 fHz
SAR averaged over 1 cm® {1 g) ol Head TSL Condition
SAR for nominal Head TSL parameters 20 dBm input power 6.76 Wikyg

SAR for nominal Head TSL parameters

nomglized o 1W

67.6 Wikg £12.9% (k =2}

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

Conehtion

SAR for nominal Head TSL parameters

20 dBm inpul et

2.35 Wik

SAR [ neminal Head TSL paramslers

narmalized 1o 14

235 Whkg +19.5% k=2)

Certificate Mo: DISOOV2E-1106_Oci24

Page 4 of 8




D3SOVE - SH: 1108 October 17, 2024

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3900 MHz

Impedance 456 0-27j0
Relurn Logs 25,348

Antenna Parameters with Head TSL at 4100 MHz

Impedance 5620+2.7)0
|_Fte1]Jrn Loss 23,548

General Antenna Parameters and Design

| Electrical Delay {one direction} | 1.108 ns |

Aller long lerm use with 100W radialed powsr, only a slight warming ol the dipole near Ihe leedpoint can be measured,

The dipnle s made ol sfandard semirlgid coaxlal cable. Tha center conductor of the feading line is directly connectad lo the
second arm of the dipale. The antenna is therelore short-circuited for DC-signals. On some of the dipoles, small end caps are
added 1 the dipolg arms in order lo improve matching when Joaded according b the position a5 axplained in the
"Measuremenl Conditlons” paragraph. Tha SAR data are not alfected by this change. The overall dipdle length is still
according to the Standard. Mo excessive force must be applled to the dipole arms, bacauss hey might bend or the solderad
connections near the lesdpoint may be damaged.

Additlonal EUT Data

ManUtzaclured by SPEAG
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Impedance Measurement Plot for Head TSL

511 Smith (R+]X) Scale 1.00
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DC Voltage Measurement
AL - Converter Resclution nominal

High Range. 1L5B = 8.1, full range = -100. . +300 m¥Y
Low Range: LS8 = Giny | ol range = -1......+3mY
DASY measurement paramelers: Aulo Zero Time: 3 sec; Measuring time: 3 se¢
Calibration Factors X ¥ Z
High Range 405,516 +0.02% (k=2) | 405.743 £ 0.02% (k=2) | 405.517 + 0.02% (k=2)
Low Range 3.97808 + 1.50% (k=21 | 3.99468 + 1.50% (k=21 | 3.97864 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY aystern HEs5£1°

Ceartiicats Ho: DAEAp-1872_0¢i24 Page 3of 5



Appendix (Additional assessments outside the scope of SCS50108)

1. DC Voltage Linearity

High Range Reading {pV) Difference (pV) Error {3%)
Chamnel X + Input 19992814 1.11 0.00
Channel X + Input 20003 .88 1.08 0.1
Channel X - Input -20001 65 0.61 -0.00
Channal ¥ + Inpul 185599.84 2.82 .00
Channel ¥ + Input 20001.02 -1.73 -0.0
Channel ¥ - Inprat 2000212 019 -0.00
Channal 2 + Ihput 199995.41 -1.01 0.00
Channel Z + Input 20001.78 -0.94 -0.00
Channel Z - Input -20002.55 024 0.00
Low Range Reading {uVv) Diffarence [pV) Error (35)
Channel X + Input 200117 0.3 -0.02
Channel X + lnput 202.08 0.64 .32
Channel X - Input 19721 0.83 -0.42
Channal Y + Inpul 2001.25 0.08 .00
Channel ¥ + Input 201.01 -0.31 016
Channel ¥ - Input -198.91 -0.55 028
Channel Z + Input 200151 0.45 Q.02
Channel Z + Input 200.43 -0.89 -0.44
Channel Z - Input -199.69 -1.39 0.70
2, Common mode sensitivity
DASY measurement paramelers: Auts Zere Time: 3 sec, Measuring time: 3 sec
Common mode High Range Low Range
Input Yoltage (my) Average Reading {uV} Average Reading (uV}
Channel X 200 19.34 18.17
- 200 -17.47 -13.30
Channal ¥ 200 6.89 6.47
- 200 -6.94 73
Channel Z 200 1021 9.75
- 200 -12.83 -12.52

3. Channel separation

DASY measursment paramelers: Auto Zero Time: 3 sec; Measuring tims: 3 sec

Input Voltage (mVY) | Channet X (pV) | Channel ¥ {u¥} Charmel Z {py)
Channel X 200 042 257
Channel ¥ 200 519 2.8
Channal Z 200 8.59 2.85 -

Cartilicate Mo: DAE4|p-1872_0ct24
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4. AD-Converter Values with inputs shorted
DASY measuremant parameters: Aulo Zerg Time: 3 sec; Measuring time: 3 sec

High Range {LSB) Low Range (LSB)
Channel X 15747 17374
Channel ¥ 16064 13550
Channel 2 15471 14566

5. Input Offset Measurement
DASY meastrement parameterg; Auto Zero Time: 3 sec; Measuring time: 3 sec

Inpui 1064£L
Average (V) | min. Oftset (V) | max. Offset vy | ' ?:;;“"““
Channel X 0.67 0.0 1.30 0.27
Channel Y -0.40 -1.22 Q.56 0.36
Channel Z -0.58 -1.57 0.50 051
6. Input Offset Current
Morninal Input circutiny offsel cument on all channels; <2514
7. Input Resistance (Typical values for informalion)
Zeroing (xOhm) Measuring {MOhm}
Channel X 200 200
Channel Y 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage {Typical values for intormation)
Typical values Alarm Leve! (VDC)
Supply (+ Voe) +7.8
Supply {- Yec) 7.6

9. Power Consumption (Typlcal values for information}

Typical valuas Switched off {mA} | Stand by {mA) | Transmitting {mA]
Supply {+ Vo) +(.01 +8 +14
Supply {- Vo) -0 5 )

Certificate Mo DAE4ip-1872_0c124

PageSof §










!\” In Collaboration with
&77I. s peag

TS CALIBRATION LABORATORY

CAICT

Add: Mo.52 HuaYuanBel Road, Haidian District, Beijing, 100191, China
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = B8.1pV, full range = -100...,+300 mv
Low Range: 1LSB = 61nV | full range = i +3mV

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

Calibration Factors X Y L

High Range

404.380 + 0.15% (k=2)

404.618 + 0.15% (k=2)

404.873 + 0.15% (k=2)

Low Range

3.96611 + 0.7% (k=2)

3.97363 + 0.7% (k=2)

3.99493 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 109°+1°

Certificate No: 24J02Z000415 Page 3 of 3
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

15 [
1.4 ! . |
AN
1.2 : ‘
1.1 ‘
1.0 s S ol fe———
0.9 ‘ ;
0.8

'D.? | |

Frequency response(nor malized)

0.6

|
0.5 ' - |
0 500 1000 1500 2000 2500 3000
f{MHz]

* TEM *R22

Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22

o . 0204 0.6 08
/. 330"
Tet = X -~ ¥ - ¥ - Tot =~ % -4y -
1.0 |
0.5 '
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s P RS R e e e | —g—p—rB——
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1.0 |
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
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The probe is connected with a phase and amplitude stable cable to a VNA which is then calibrated with
Open, Short and a Liguid with well-known parameters.

All parts in the setup influencing the amplitude and phase of the signal are important and shall remain
stable,

Handling of the item

Before usage, the active probe area has to be cleaned from any material residuzals potentially
contaminating the referance standards. The metal and dielectric surface must he protectaed to keep the
precision of the critical mechanical dimensions. The connector and cable quality are critical; any
movements between calibration and measurement shall be avoided.

The temperature must be stable and must not differ from the material temperature.

Methods Applied and Interpretation of Parameters

The calibration of the dielectric probe system is done in the steps described below for the desired
frequency range and calibration package (SAR/MRI liquids, Semi-solidfsolid material). Because the
standard calibration in step 3 is critical for the results in steps 4 to 8, the sequence 3 to 3 is repeated 3
times. As a result, the result from these 3 sets is represeniad.

1. Configuration and mechanical / optical status.

2 Measurement resolution is 5 MHz from 10 to 300 MHz, 50 MHz frem 300 to 6000 MHz and 250 MHz
fror 6 {0 20 GHz.

3 Standard calibration uses Air f Short / Liquid. 1 liter liquid quantity is used to reduce the influence the
reflections. The liquid type is selected depending on the lowest frequency and probe diameter.

DAK-1.2, DAK-3.5, Agilent OCP: de-ionized water {approx. 22 °C)
DAK-12: saline solution with static conductivity 1 S/m {approx. 22 *C)
NPL GCF: pure ethanol (approx. 22 °C)

4. The cable used in the setup stays in a fixed position, i.e. the probe is fixed and measuring from the
top in an angls of typ. 20° from the vertical axis. For DAK and Agilent probes, the rafresh function
fair standard) is used previous to the individual measurements in order to compensate for possible
deviations from cable movements. After insertion of the probe into a liquid, the possible air bubbles
are removed from the active surface.

5. Measuremant of multiple shorts if not aiready available from the calibration in the previous step
{NPL). Evaluation of the deviation from the previous calibration short with graphical representation of
the complex quantities and magnitude over the frequency range. Probe speaific short is used. This
assessment shows ability to define a short circuit at the end of the probe for the VNA calibration in
the setup which is essential at high frequencies and depends on the probe surface quaiity.

6. Measurement of validation liquids in a quantity of 1 fiter at well defined temperature. Evaluation of
the deviations from the target. The targets base on traceable data from reference sources. The
deviation of the measurement is graphically presented for permittivity and conductivity (for lossy
liquids) or loss tangent {for low losses at low frequencies).

7. Measurement of lossy fiquids in a quantity of 1 liter at well defined temperature. Head tissue
simulating liquid or safine solution with 0.5 5/m static conductivity are representative, The target data
hase on traceable data from reference sources or from multiple measurements with precision
reference probes or different evaluations such as transmission line or slotied line methods.
Evaluation of the deviation from the target and graphical representation for pemmittivity and
conductivity over the frequency range

8. Semi-solid / solid material calibration:

Measurements of an elastic lossy broadband semi-solid gel with parameters close to the head tissug
target. Measurements of a planar very low loss solid microwave-substrate. The average of 4
measurements of the same sample at different location is shown as a single result. The deviaiion of
the permittivity and conductivity from the reference data is evaluated.

Measurements of a planar vary low loss solid microwave-substrate. The average of 4 measurements
of the same sample at different location is shown as a single result. The relative deviation of the
permittivity and the absoluie deviation of the loss tangent is evaluated.

The targets base on multiple measurements {on the same matenal baich at identical temperature)
on convex and planar surfaces with precision reference GCP.

Certilicate No: OCP-DAKS.5-1363_Novid Fage 3 of 12



10.

11.

The measurement on semi-solid / solid materials is sensitive fo the quality and planarity of the probe
contact area, such as air gaps due to impetfect probes (resulting lower permittivity values).

Table for the probe uncertainty: The uncertainty of the probe depending on probe type, size, material
paramater range and frequency is given in a table. It represents the best measurement capability of
the specific probe but does not include the material {deviation from the target values).

Appendix with detailed results of 2ll measurements with the uncertainties for the specific
measurament. In addition to the prohe uncertainty (see above), it includes the uncertainty of the
reference material used for the measurement. A set of results from independent calibrations
represents the capability of the setup and the lossy materials used, including the precision of the
measured material and the influence of temperaturs deviations. Temperaiure and operator influence
was minimized and gives a good indication of the achievable repeatability of 2 measurement.
Summary assessment of the measured deviations and detailed comments if not typical for the probe

type.

Dielectrlc prohe identification and conflguration data

Hem description

Further settings WVNA bancwidth setiing: 50 Hz
SCS 0108 Accessories used for customer probe calibration
Cable Huber & Suhner Sucoflex 100, SN: 5120467128, length 1 m,
PC3.5 neg. — PC3.5 neg.
Short DAK-3.5 shorting block, type SM DAK 200 BA

Additional ifems used during measuremsrnts

Probe type QCP Open-ended coaxial probe

Probe name SPEAG Dielectric Assessment Kit DAK-3.5
Type No SM DAK 040 CA

Serial No 1363

Description Open-ended coaxial probe with flange

Flange diameter, 1.0 mm
Diglectric diameter. 3.5 mm
Material: stainless steal

Connector 1 PC 3.5 pos.

Software version DAK Measurement Solver 3.0.6.34
Calibration Type: Air f short / water (set to measured water temp.}
Frabe type: “DAK3.5" (software setling)

Contact area coverad with cleaned Cu stnpe

Adapter 1 | PC3.5 pos. — PC1.85 (VNA side}
Adapter 2 PC3.6 pos. — PC3.5neg. {probe side}
Notes

*
L ]

Before the calibration, the connectors of the probe and cable were inspected and cleaned.
Probe visual inspection: according to requirements
Short inspestion: according to the requirements

Cerificate Mo: OCP-DAKS 5-1363_Nov24 Page 4 of 13



Probe Uncertainty

The following tables provide material and frequency specific uncertainties (k=2} for the dielectric proba. The
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncertainties of

» probe system

« possible systematic srmors due to the design

+ calibration

= temperature differences during the calibration and measurements, as described,
+» YMNA noise

Apart from the material used for the calibration {de-ionized water), material uncertainties of the reference

materials used during the measurement in Appendix A are not included in these tables.

DAK-3.5
Permittivity range Frequency range {sigma /LT range} Une. (k=2)
1-15 200 MHz - 3GHz LT <01 2.4%
3GHz -6 GHz LT < Q.1 2.0%
8 GHz - 20 GHz LT <0.1 2.1%
6 GHz - 20 GHz sigma > 1 3.5%
10— 40 200 MHz - 3 GHz sigma: 1-10S5/m 1.9%
3GHz -6 GHz sigma . 1 - 10 3/m 2.3%
8 GHz - 20 GHz sigma > 10 S/m 3.5%
35 —-100 | 200 MHz - 3 GHz sigma: 1-10S8/m 1.8%
3GHz -8 GHz sigma : {1 =10 S/m 1.9%
6 GHz - 20 GHz sigma = 10 S/m 2.4%
Conductivity range (3/m) Frequency range {epsilon / LT range) Une. (k=2)
1-10 200 MHz - 3 GHz eps : 35- 100 2.7%
3GHz -6 GHz eps: 35-100 3.0%
6 GHz - 20 GHz eps - 10-40 30%
Loss tangent range Frequency range {epsilon { LT range} Une. (k=2)
< 0.1 200 MHz - 3 GHz eps:1-15 0.03
3GHz-6GHz eps - 1-15 .03
6 GHz - 20 GHz aps:1-15 0.03

Cerificate No. OCP-DAKI.5-1362_MNovz4
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Galibration Results

Uncertainty limits (k=2) for the material measurements in the figures of Appendix A are represented with
red dashed lYines. These uncertainties contain - in addition to probe uncertainty - the uncertainty of the
material target parameter determination.

The measurements show the results obtained from independent calibrations for the same material. The
differences between the individual measurement curves give therefore an indication for the obtainable
repeatability and shall lie within the uncertainties stated in the tables.

Materials for DAK-3.5 calibration:

Appendix A with curves for Ethanof*, HBBL, and 6.05 molL NaCi sofufion (200 MHz - 6 GHz, oplional 20
(GHz), HS gef and fow loss solid subsirate are optional.

* Effactive immediately, methanof will be replaced with the safer and more environmentatly-friendly ethanof
as the validation liquid. Each bafch of ethanol is calthrated using a methanof reference, ensuring that the
validation process is both traceable and consistent with prior measuremonis.
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Appendix A:  Detailed Results

A Probe appearance and calibration sequence
A.1.1 Appearance

The OCP appearance is fully according to the expectations:

= the flange surface is intact

A.1.2 Calibration sequence

Tha following sequence was repeated 3 times in the low frequency range from 200 - 300 MHz in 5 MHz

steps and in the high frequency range from 300 to 6000 MHz. in 50 MHz steps, and from 6 GHz to 20 GHz
in 250 MHz steps.

= Al

»  Short 1 short, then immediate verification with 2 second short (with eventual repetition)

»  Water De-ionized watet, temperature measurad and set in the software {for DAK-12 0.1 mol/L
saline solution, temperature measured and set in the software)

»  Methanol Pure methanal, temperature measured and sat in the software

» Ethano!  Pure ethanel, temperature measured and set in the software

» liquids Measurement of further liquids (e.g. Head tissue simulating liquid and 0.05 molf! saline)

» Cleaning Probe washed with water and isopropancl at the end of the sequence.

» Shorts 4 additional separate short measurements to determine the deviation from the original

« Refresh Reafresh with Air

=  Solid 4 separate solid low Joss planar substrate measurements to determine one average
{opticnal}

«  Semisolid 4 separate head gel measurements on fresh intact surface to determine one average
{optional)

» Cleaning Probe washed with water and isopropanol at the end of the sequence

Evaluation of the additional shorts from the caiibrated (ideal} short point at the left edge of the Smith Chart,
represented as magnitude over the frequency range (fig. 2.1.x) and in polar representation ifig. 2.2.x).

Evaluation of the Liquid measurements and representation of the permittivity and conductivity deviation
from their reference data at the measurement temperature. The results of each of the 3 calibrations is
shown in the appsndix for each material (fig. 3ff) in black, red, blue. The red dashed line shows the
uncertainty of the reference material parameter determination.

Evaluation of the Semisolid measurements (optional) by representing the 3 average deviations (each
resulting from the 4 separate measurements per set), equivalent to the liquid measurement, Representation
of the permittivity and conductivity deviation from their reference data at the nominal temperature,

Evaluation of the Solid measurements {optional) by representing the 3 average deviations (each resuliing
from the 4 separate measurements per set), equivalent to the liquid measurement. Representation of the
permiltivity deviation from their reference data and the loss tangent at the nominal temperature.
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Fig. 2.2a-c  Complex representation of the residuals of the shorts, 200 MHz - 20 GHz,
after calibrations a)-b) in the top and c) in the bottom

All shorts have good quality. Some minor deviations might be visible from contact quality (left - right).
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