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Calibration report “Probe EX3DV4”
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Calibration Laboratory of
Schmid & Pariner

g Bervice sulsse dsabonnage
Enginaering AG ==t s Sarvizl svizzee o Araturs
Zoughaussirasae &3, 8004 Furich, Switzeriard ’-a;_‘/;—l-,'“:}?’ Swhs Calibration Servca
Accrodiied by the Swiss Accrediasan Senics (SAS) accreditation Mo SCS 0108
The Swirs Accreditation Service is one of the sigrasaried 1o the EA
Metiladural Agr Tor the of calibration certificates.
Glossary:
TEL bssue simulaling ligud
NORM:x v sensitivily in Tree space
CoanvF sengtivity in TSL { NORMxy.2
pce diode compression point
CF crast factor (1/duty_cycha) of tha RF signal
ABCD modulation dependent linearization paramelers
Polanzation ¢ @ rotation around probe sxis
Polarization 4 @ rotation arourd an axis thal is in the plana normal to probe axis (& messurement canter),
i, ¥ =0 5 nomial to probe axis
Conmnecior Angle information usad in DASY systerm 1o align probé sengar X 10 the robol coordinala sysiam
Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, "IFEE Recommended Practice for Determining the Peak Spatial-Averaged Specilic
Absarption Rate (SAR) in the Human Haad from Wirelass Commumications Devicas: Measuremien
Techniques”, June 2013

b} IEC 822081, ", “Measuremenl procedurne for the assessment of Specific Absopbon Rate (SAR) fram hand-
held and body-mbunbed Sevices usad next b the ear (frequency range of 200 MHz i 6 GHZ)", July 2018

&) 1EC 62208-2. *Procedurs bo determmna tha Specific Absomtion Rate (SAR) for winelees communication devices
used in cosa prosmily 10 the human body (frequency range of 30 MHz to 6 GHz)", March 2000

d} KDB 865664, “SAR Measuwrament Reguirements for 100 MHz 1o 8 GHz"

Mathods Applied and Interpretation of Parameters:

NORM y.z- Ahssessed for E-feld polarization 5 = 07 = 000 MHE in TEM-call: f = 1800 MHz: R22 waveguida].
KNORM2, Y Z Bre only inlermediate vahses, Le., the uncenantes of NORM:y.z does not affect the Efiskd
uncertainty inside TSL (see below ComvF).

NORM TN 2 = NORMx, .2 * fraguancy_rasponse (see Frequency Response Char). Thes linearizalon =
implernented in DASY4 softwars versions later than 4.2, The wuncertainty of the frequency response is included
im e slated uncerainty of GonvF,

DCPx .z DCP are numerical linearization paramesers aesessad based on the data of power Swsep with CW
signal (pa unsedamty required). DCP does not depand on freqguency nor meds

PAR: PAR is the Paak to Awarage Ratio thal is nof calibrated but determined basad on ihe signal
charactenstics

Ax 2 By X Cxy. 2 On w2 VRey.z A B, G D are numerical linearization paramelers assassed basad on
fhe dita of power sweap lor specific modulation signal. The parameters da nol depend on regquency nor
madia. VA is the meximum calibration range expressed in RMS vollage across the dioda,

ConvF aivd Boungary Effect Parsmeders: Assessed in fiat phantom using E -fiekd {or Temperatune Transfer
Standard for f < B00 MHZ) and inside wavaguide usng anahbiical ield dsributions based on power
measurements for f = 800 MHz. The same satups s used for assesameant of the parametars applied for
boundary compansation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASYY saftware o mprove probe eccuracy closa o the boundary. The sensilivily in TSL corresponds
o NORMY . 2~ ConvF wharsy the uncefainty coresponds ko that given Tor ComeF. A lregquency cependent
CovwF Is esed in DASY version 4.4 and higher which aiaws axtending he validity from + 50 MHz 1a 2 100
iz

Sphevical isefropy (30 devistion from iestrogy): in e feld of low gradeents resized wsing a flat phanbom
exposed by 8 patch antenna,

EBavizor Offzot The sensor offset comasponds te the offset of vidual measurement cenber Trom the probe lip
{on probe axis). No tolerance requinad,

Connesior Anghe: Thi angle is assessed using the information gained by determining the WO no
uncanainty raquined).

Corificaie Mo: EX5-1984 May21 Page 2 of 23
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EXEDVA — M 3044

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

_Baall: Calibration Parameters

May 19, 2001

| Sensar X Sengar ¥ Sensor 2 Une [keZ)
Narm [imy | 0.54 0.52 0.41 101 %
DGR {mvT 0.5 100.4 101.2
Calibration Results for Modulation Ralpunsn
Ui Communicabon System Mame -] [ o VR Max | Max
da dE dE mv v LmcE
=2}
[1] (=] ¥ | 000 | D00 | 100 | OO0 | 1464 | 227 247
¥, a0 | 000 140 1359
[z am | oo 100 | 145.0
10352 | Pulse Wavelom (200Hz, 10%) | % | 9000 | 11200 | 2700 | 1000 | 600 | £37% | £96%
AR W | 2000 | 9409 | z2ea &0
Z | 2000 | 8893 | 1852 ]
10353 | Pulse Wansiomn (200Hz, 205) N | 2000 | B4Ga | FiB5 | G898 | A00 | £17% | £96%
LT Y | 2000 | 9480 | 2247 | [T
| Z | 000 | 9157 | 1949 (]
10084 | Puise Wavelorm (200Hz 40%) | % | 9000 | B866 | 2244 | 598 | 050 | =10% |=06%
Ans ¥ | moo | sass | e [0
e Z | M.00 | 9a69 | 2081 g5.0
10355 | Pulee Wawalomm (200HZ, 60%) | X | 2000 | 105,27 | 2498 | 222 | tp00 | 1A% | 266 %
AR Y | 2000 | 10586 | 25.23 120.0
S 7 | 2000 | 1083 | 2378 120.0
TO3ET- QPSEK Wareform, 1 MHz TR T i/ | BAE | iabd 1.00 1500 | +17% [+t96%
Ann, ¥ | Ah g3 | 1537 EETTH
| I Z] u7 G6.AT | 1540 1504
10388 | GFSK Wavalorm, 10 MHZ X | 279 | 6785 | 1585 | CO0 | 1500 | £12% | x96%
B ¥ | a1 | 6EEY | 1667 150.0 |
| 225 | 6Azs | 1801 LT
10396~ | GA-0AM Wavefarm, 100 kHz ¥ | 283 | B9bE | 1828 | 301 | 1500 | +09% | 2056%
A ¥ 33 | 7190 | 1838 150.0
L Z | & 51 | sy L |
10953 | G-kt Wareianm, &0 MHz % B0 | G725 | 1582 | 040 | 1500 | +10% | 196 % |
A, [ | 385 | Bras | 1568 | 1500 |
21 355 | Br3a | =598 | 500 |
10414, | WLAN CCDF, 63-0AM 40MHz | X | 482 | 8515 | 1525 | 000 | 1500 | t1.5% | t9E™
R v | ase | €816 | 1530 | 1500 J
Z] arn | esze | 1838 | 1800

Mote: For details on UID parametars ses Agpendx

multiplied by the coverage factor k=2, which for a normal distribution corresponds o 8 coverage
probability of approximatedy $5%.

The reparted wncertainty of measurameant s stated as the standard uncertain?y of measuret_'nent

'meﬁ'mﬁnxv;dﬁmmmgﬁnuWQM?i {soe Pages & and 6
M.tnaﬂc

Ltmmunﬂmnedmmmmx mlmﬂm

Fiested e

o recpuired

spphping i

vl iy g

Fet U ssepuands o this

Conifizate Moo EX3-2044_MayE
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EXI0Va— 5N 3344

Sensor Model Parameters

May 19, 72
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

I & | €2 | a T T2 ™ [ T8 [ T5 TG
iF - AR meNV? | ma ms | W W
X 522 | 98665 | 9483 | 1647 | 033 | 505 | 094 | DAz | 401
7 558 | a2z | a5.18 24,34 022 510 135 035 | 10
! Z 410 | J9872 | 3415 T.BY .33 201 1 171 0.02 1.01
Dther Probe Parameters
| Senser Arrangament Trangular
" Conneclor Ange |} 1775
Mechanizal Surface Detection Mode enabled
Optical Surface Detection Mode digabled
Probe Owerad Length 337 rman
Probe Body Diamater 10 mm
[Tip Lengih amm
Tip Diametar o 25 mm
[Probe Tip bo Sensoe X, Calibralon Poin = T mm
Frobe Tip tn Sensor ¥ Calibratien Poinl “1mm
Froba Tig 10 Sensor £ Casbatian Poin Tmm
[Racemmended Measurement Distance fram SUrace 14 mm

Mote: Measuremant distance from suface can be increased to 34 mm for an Area Scan b

Certficate Moo EX2-1044 May21 Page & of 23
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EXI0NVE— SM 2844 Ray 19, 201

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Head Tissue Simulating Media

1 MMz} ® p.mhy‘ cm;g*u:]u;u i ConvE X | ConvE Y | ComvFz | Alpha® mﬁ [ 1‘:-";3
o 418 0.89 1041 1041 10.41 .40 0.84 * 120 %
| 850 415 oge | qoo2 | ooz | 002 | o« | o@e | £120%
| 8bh | 415 oor | D88 88 | 98B | 050 | 082 | £120% |
1750 0.1 137 B.53 B52 853 032 | 086 | =120%
1800 | ano 140 B34 | 834 B.34 D38 | 088 | *170%
_____ 2450 g 480 782 | 7m2 782 03s | o#3 | +120%
2600 00 1.96 157 757 .57 036 | 0@3 | +i20%
3500 ars | am 7.00 7.00 o0 0.35 130 | £131%
A700 arT7 342 650 850 £.80 0.05 130 | #134%
5200 ! 36,0 468 520 520 5.20 A0 180 | =131%
E300 158 476 515 | 515 515 0,80 180 | #131%
S5O0 bl ) 4,86 485 485 485 | D40 180 | xi3i%
B600 355 507 480 480 480 0.40 180 | +131%
=400 3.3 527 477 477 477 040 | 180 | £131%

© Frecuancy valhdiy above 300 Mz ol = 100 M-z only appées lor ORSY v & and higher (see Page 21 else § i5 resbicisd o+ 50 Mz The
uncerainty is the 855 of the Soref uncedainly o calieafon hequency srd the certsnty e The indeacated Trguersy Band, Frsgaersty welidily
b 0K Mty s m 101 29, A0, 50 aead ) Wb dor CorneF pesemmments af 3084, 138, 150 and 250 MH: reapechely Vakdiy of ComvE Sdiaeiad &
& MHZ 15 4-8 MHr_ and CarrF issseised il 13 MH2 & 0-90 MH2, Asies & QHE Bagquency vahdity can b atendied b + 110 MHz

" A freqpuencies below 3 Gz, e valiity ol Smsue parsmeters (0 a0 o) can benalmeed o b 100 i Sogued Som pecealon Sorfwli o aophed ks
s SAT uplues A1 beguences abowr 3 DHx. the vabdity of thgos pammeters (= and o) i mesirciod o + 5% The uoerisinty & ibe 555 o
e Coeninf arcestainty For indicaliod forged fissoe potaveasters.

= AdphafDegih poa desermined during caliteabon. SPEAR wamanis $al the remaireng desiabion due o e boundary ettect aber compensation =

adweirys e than & 4% lor Treguiencses; sebow 3 GHz and balow + T% Jor beguencies betesen 18 -2 o any disfance laeger #an half the orolbes o
darmiies from the boundary

Canficole No: EX3-3044_May1 Fage 5o 23
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EX30VE- 5N 344 May 13, 2031

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Body Tiuu- Slmuhut’rng Media

e | pormitviy’ Simr | comex E-z-_nrf.‘r ComvF Z | Alpha® D::::; e2)
750 55.6 0.86 1043 | 1043 1343 .41 2 T T20%
i_s_.*;;}_ 582 L 1008 | 1009 1009 | o4l 080 | £120%
._ oD | 550 105 9.99 9.93 9.99 048 0BD | £120%
1750 53.4 1489 .38 8.38 8.38 041 .66 +12.0 %
1800 533 152 | 816 | 816 | 816 | 039 | 086 | 2120% :
2450 2.7 1.85 7.85 785 785 0.39 0.94 + 12.0 %
2600 52.5 216 T.TE 7.7B 1.7TB .30 0.93 120 %
3500 5__'!.5 3.31 B.50 B.50 B.50 X ] 170 +13.1%
aron 51.0 358 6.39 .30 6.30 .40 1.70 + 131 %
B200 458.0 530 4.55 4.55 4,55 D.50 1.80 213.1%
| 6300 4849 _E42 4,45 4.45 445 0.50 180 | +131%
5500 A8.8 B.55 4.0 440 410 0.50 1.490 131 %
600 485 577 3.88 .68 .58 0.50 1.80 | 131 % |
5800 4.2 6.00 4.00 4.00 4.00 (L5 1.5 £131%

B

waaladity atezven 300 MHz of 2 100 WHz only apples for DASY vd.4 and higher (see Pags 2. else & b restricied to + 50 MHz. The
unoarainty & ihe FES of the CowF unoeriainty ot calfbradion dequency and the unocsripinty for the indicated frequency band. Frequercy validiy
beboaw 300 M-z 5 + 1025, 40, 60 and 70 M-z bor CorwF assessments al 30,84, 128, 150 and 730 MHz respechecly. Valldiy of Cond® sseessed of
Erlmlsdgmhwmmﬂ13MHzts$1ﬂ'M M&M*mﬂwddbmhwhi EREET T
lahqummubﬂbw!ﬁl-b e validity of fissue paramolers (= and n) can be melmed o ¢ 905 1 bguid compersaion fomeada = sppled fo
g SAR wpme. Al beguenches dbows ) G, the valiliy of i paramatens (r and o) B nestrosd o+ 5% The unoenainty & the REE of
nwuww'or TR R PRI

wra kel A dusting caile BPEAG wrai tha ireng dessabion dus wo tha boundary effect alter compensaion s

Fwryn gk than o 13 Tor requesesins bakow 3 0He oned bakow © mwwms&cﬁnmmmmmmmm
dhamti fom tha biamdan

Cartifcate No: EX3-3044 May21 Page 8 of 23

Page 8 of 72




Test report no.: 1-2723/21-01-04-C

cTC||

| advanced

member of RWTUV group

EXIDV 4= SN 3544

Freguency responss (normalized)

Cartilicate Ma: EXE-2044 May

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

(s . KLE S | 1 (=)
1000 1500 2000

£ [MHz]
o =

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

] 500

2500

Page 7 of 35

My 19, 2021
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EXI0 - Gh: 1524

Mary 18, 2033

Receiving Pattern (¢), 8 = 0°
f=600 MHz, TEM f=1800 MHz, R22
X -:'1-_-' g e - 4, b
L] e [ ] [] ] i [ [ ]
o % ¥ F Tok ke ¥ i

o5
) r |
» o0 L= 2= & T = e e L e E =
i t ; :
0 r..I.. e I g
L B
I FORT GOSN TN Y T S | 3l R EOE S L (. I I -
150 100 d it 0 0o L]
Aok [7]
L]
|Lﬁ|; rl‘fl'Hi.- 1lell!ldH.' ?!-f-.'l'dl«:
Uncertainty of Axial lsotropy Assessment: $ 0.5% (k=2)
Corificate Mo: EX3-3044 MayH Fage 8 of 23
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member of RWTUV group

EXID0N— SN 3044 Marg 19, 2021

Dynamic Range f{SARpead)
(TEM cell , fo= 1800 MHz)

g o
B
k=)
&
E ypd
107+
ey B bl S 1-taslil
10 ind ! 1o i i LU
SAR [mwiem3
net comperetes o bed
R —
E I *'-d--l-_ w3, Er S b
T T
2 | T = t o T 1
-2 A0 10 gl Lol 107 10
SAR [rMemd)
[*] L]
LT L ComMpERssed
Uncartainty of Linearity Assessment: & 0.6% (k=2)
Corlificates Na: EX3-3044_May21 Pegs 8ol 23
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B30V 4- SN.384q By 19 2021

Conversion Factor Assessment

T = GO0 MHz WGELS RE (H_camsf) f= 1750 MHz WELS R22 [H_conF)

i w " "
v m—pimat woyTy —npma e

Deviation from Isotropy in Liguid
Errar (4, 8), f = 8900 MHz

A8 8 O .04 B2 0B 62 G4 08 0B 1D
Uncertainty of Spherical |setropy Assessment: £ 2.6% (k=2)

Carificate Mo EX(3-30d48 May2 1 Page 0 of 23
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3 Calibration report “Probe EX3DV4”

RIS
B :"u_'l/:"’j.

Calibration Laboratory of
Schmid & Partnar S
Engineering AG HaCRA

Zeuphausstrasss 43, 8004 Zurich, Switzesdand A

oy
£

Aeredibed by the Swiss Accreditalion Servce (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Midlifateral Agreasiant fod (Fe recogniion of calibration certibcabay

cliert  CTC advanced GmbH

Schweizerischer Kalibrierdsenst
Servies guizse d"dlalonnage
Lervizlo svizzero di tarafura

S Swiss Calibration Service

hcereditation Me.: SCS5 0108

Cortificate Wo: EX3-T566_ Aug2

|CALIBRATION CERTIFICATE
I

| Dbject EX30V4 - SN:F566

Caliaratian procedureds)

Calibrabon dam:

8 CAL-01.v5, QA CAL-23.w5, QA CAL-2ENT

Calibration procedurs for dosimetric E-field probes

Algust 17, 2020

This caliration cerlilicate documants the irecaatilty t nafianal standards. which realzr the physcal unis of measaements (S1)
The measuremens and ihe enoetaries with corfidence probability are gven on the fellawing pages and are part of the cartificabe

All calibratians have been candusied n ihe dosad labaratery laciily. envircamean bemperatuie (22 £ 30T and humidity < T0%

Calinralion Eguprmert uged [MATE criical for calibralion)

BT ALY Castne

| Power sensos 44124

Frmary Standards | Ip Cal Dale {Cerfcate Ma.) Scheduled Cabbraton |
Pewei maler NRF L R O1-Apr-20 Mo, 217-051 DVEE101) Api-21 |
Fower sensar NRP-Z91 SM: 103244 O1-Apr-20 (Ho. 21703100} Aar-21
Poraer sensar NRP-Z91 SM: 103245 Q1-Ape-20 (Mo, 217037015 Sar2l
Raference 20 dB Afienuabar SM: CL2RE2 {2x) 3-Mar20 {Ma. 21703108) Aar-21
DAE4 S BED 21-Deo-19 (No. DAEAGED Desti) Dec-20
Refarance Prone ESI0WI S 33 31-Dac-19 (Mo, ES3-3013 Decid) Deg-20
| Secondary Standercs LI Enach Dale {in house) | Achedulad Chack

SN GE41203E74

D6-Apr-16 [in houge chack Jun-20)

I migisa check: Jun-27

SN MY4149806T

D6 -Apr-16 [in oS check Jun-20)

N hewsa check: Jun-2#

Shd: D004 10290

Déi-Apr-16 [In howsa check Jun-20)

In housa check: Jun-23

RF gerarsior HP HE4HC

Sh; LS3E42U01 Tl

C-Aug-84% {in house chack Jun-alp

Iri hoatss chack: Jun-22

Matwark Analyzer EBIEEA | BM: UsaioandT? At-Mar-14 {in house chaci Ot 1495 In horise chack: Qo2
Mame Function Sgnature

Calibeaied by Michasl Wibear Laberatoey Techrician

Approved by K Fokonc Technical Marager

=

eaied Augpast 17, 2020

| Thig caliration cedilicale anall net be repeochiced axcapl in Tull withoul witten approval of 1he aboralory

Cerificate No; EX3-T566_Aug20

Pags 1 of 22
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Test report no.: 1-2723/21-01-04-C CTC ||| advanced

member of RWTUV group

Calibration Laboratory of §  Schweizerischer Kallbrisrdisnst

Schmid & Partner c Service suisse déalonnage
Engineering AG g Servisio svizzero di taraturs

Zelghaussirasse 43, 3004 Zurich, Switzerland Swiss Calibration Sandoe

Accredied by lhe Swiss Accradtation Sanice (SA5) Accreditation Ho.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the E&

Maulilataral Ag t far tha recegnition of calibration cartificates

Glossary:

TSL tisswe simulating liquid

NORMx vz sensitivity in free space

ConvF sensitivity in TSL 1/ NORMs, vz

DCP diade compression podnt

CF crest factor (1iduty_cycle} of the RF signal

A B CD madulation dependent linearization parameters

Paolarization ¢ o rotation around probe axis

Polarization & 8 rofation araund an axis that is in tha plane narmal to probe axis (al measurement centar],

i, & = 0 s normal ko probe axis
Cormector Anghe infarmation used in DASY system (o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "|IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Abzarpbon Rate (SAR) in the Human Head frem Wireless Communications Devices: Measuremeant
Technigues”, Juna 2013

b) IEC 62208-1, ", *Measurement procadure for the assessmeant of Specific Absorplion Rate (SAR) Irom hand-
held and body-mounted devices used next to the ear {frequency range of 300 MHz o B GHz)", July 2016

) IEC B2200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirsless communication devices
uged In closs prosgmity to the human body (frequancy rangs of 20 MHz to B GHz)", March 2010

d} KDB 855664, “SAR Measuremen! Requirements for 100 MHz to &§ GHz"

Methods Applied and Interpretation of Parameters:

o NORMyxy.z: Assessed for E-field polarization 3 = 0 {f = %00 MHz in TEM-cell, { = 1500 MHz: R22 waveguide),
MORM:y,z are only inlermediate values, Le., (he uncertainties of NORMxy, 2 does nol affect the E-fiekd
uncertainly inside TSL (see below CohvF),

*  NORMOxpz = NORMx, v.2 * requency_response [see Frequency Responge Chart), Ths linearization =
implarmanied in DASY4 software versions later than 4. 2. The uncertainty of tha frequancy responess is included
in the stated uncertainty of ComeF.

o DCPxy.z: DCP are numancal linearization parameters assassed based on the data of powar swaep with CW
signal {no uncarainty requirad). DCP does nol depend on frequency nor media.

= PAR: PAR is the Peak to Average Rabio that i not calibrated but determined basad on the signal
characteristics

= Ax e Bz Geyz Deyz VRExy.z A B G, D are numencal bnearization parameters assessed based on
the data of power sweap for specific medulation sigral. The parameters do nod depend on frequancy noe
rmedia. VR iz the maximem calibration range expresaed in RMS voltage across the dioda.

= ConvF and Boundary Effect Parameders: Assessed in flat phantom using E-field (or Temperature Transier
Standard for F < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements far = B00 MHz. The same selups are used for assessment of the parameters applied for
bBoundary compensation (alpha, depth) of which typscal uncerainly values are given. These paramatars are
used in DASYS saltware to improve prebe accuracy clese 1o the boundary, The sensitivity in TSL correspands
o NORM Y,z * Come whereby the uncerainty correspands to that given for ComuvF. A Freguency dependent
CarmvF i& used in DASY version 4.4 and highes which allows extending the vabdity from & 50 MHz to + 100
MHz

&  Spherical isotropy {30 dewiation from isoiropy): in a field of low gradisnts realized using a flat phantom
expoged by a patch antenna.

«  Sonsor Offsel Tha sensor offsel cormesponds 1o the offset of virleal measuremeant center from tha probe tip
[on proba axis). Mo tolerance required.

= Connector Angle: The angle s assessed using the infesmation gaired by dedermining the NORMx (no
ursertaiy regulred),

Ceridicate No: EX3-TS66_Aug2D Page 2 of 22

Page 14 of 72




Test report no.: 1-2723/21-01-04-C

cTC||

| advanced

member of RWTUV group

EX3Dwd — SN:TE66 August 1T, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566

Sensor X Sensor Y Sensor unc [K=2}
[ hzem (pAVIm)) 056 D.48 0.51 101 %
| DCF (mv)* 9a 5 95.h 96
Calibration Results for Modulation Response
uio | Communication System Name A | B ¢ | o VR | Max | Max
dB dBpW dB8 i dav, Unc
| _ (k=)
0 CW % | 000 [ pOD | 100 | 000 | 1466 | 233% [+47%
¥ | 000 [ 0.00 1.00 1412 ]
Z | fon | ooo 1.00 150.6
10352~ | Pulse Wavelorm (200Hz, 10%) ¥ | 2000 [ 8980 | 1858 | 1000 | 600 | +42% | z96%
Auhh, ¥ | 2000 [ D100 | 2006 | G0.0
Z | 513 [ 7425 | 15.97 60.0_ |
10353- Pulse Wenaform (200Hz, 20%) x| 2000 [ 9014 | 1847 G99 0.0 2B | 226%
ARA Y | =o0o | 8584 | 31.70 i1 LR
£ | 1288 | 8387 | 1607 ann
10354- | Pulse Wavelorm (200Hz, #D%)] | % [ 20,00 | 9347 | 1930 [ 3838 [ 950 [ z14% [06%
ek W | 2000 | 10522 | 2468 250
o e R RS G el EERTE e EPOEL
AES- Puiga Waveform {200Hz, 60%) Xl 2000 [ 2928 | 2915 222 1200 | 210% | £9.68%
PR, ¥ | 2000 [ 117.26 | 28.79 120.0
[P Z | 2000 | 5948 | 1822 1200
10367- | OPSK Waveform, 1 hHz % | 181 | 6658 | 1549 | 100 [ 1500 | +97% | 296 %
Ay ¥ | 162 | 6615 | 1483 1500
L Z | 172 [ B2 | 1407 50D
10386 | QPSK Wavelorm, 10 MHz | % | Za0 | e&78 | 1619 | 000 | 1500 | £11% | £26%
ARA ¥ | 243 | @ra9 | 1696 1500
________ - Z | 296 | Gr58 | 1545 1500
10386 | G4-CIAM Waveform, 100 kHz X | 303 | 7114 | 1921 | 309 | 1500 | z0@% [+B6%
AN Y| 283 G919 [ 1238 150.0
£ | 275 [ 6966 | 1850 | | 1500
10285 B4-CAM Waveform, 40 MHz A 2.50 8508 | 1573 0.00 1500 [ #07% | £9.8%
AR ¥ | 347 [ 8681 | 1572 1500
Z | 341 | o635 | 1635 | 160.0
10414~ WLAN CCDF, B4-Cuthd, 40MHx X | 485 E535 | 1541 0.00 1500 | +1.0% | £06%
A, ¥ | 481 [ B5ED | 15.53 150.0
Z 4.80 6514 | 1522 1500

Mote: For datails on UID parametars sae Appandix

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

* The urcetanties of Horm X,Y.Z da nat afect the E* field uncertaimty nsde TSL (see Pages § and 6]
* Mumercal lincanizaton parsmeber uncertaingy not required.

" Uncertanty s detarmined usng the max, devation from near respores apphing recangular distibubon and s expressed for the square of (he
field waiue

Cerificate No; EX3-T566_Aug2D Fage 5of 22
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Test report no.: 1-2723/21-01-04-C CTC ||| advanced

member of RWTUV group

EXZ0W4- 5HT366 August 17, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566

Sensor Model Parameters

c1 c2 o ™ T2 T3 T4 T5 T6 |
fF fF W s meA! ms W W
X 49.6 5T 42 35.08 17.B5 0.00 5.04 1.22 021 1.01
¥ 346 294 .56 35.28 864 0.1 205 1.53 .04 1.01
Z 478 6481 35.01 11.38 0.00 498 | 118 0,18 1.01

Other Probe Parameters

Sensor Arrangemeant . ﬂfrTréngrjl.E-l;-
Cannector &ngle (7) T0.3

| Mechanical Surface Detaction Mode aenabled
Optical Surface Detection Maode disabled |
Probe Overall Length 337 mm
Frobe Body Diameter o o - A0 mm |
Tig Length 9 mm
Tip Diametar 2.5 mm
Probe Tip o Sensor X Calibratien Point T 1T mm |
Prabe Tip o Sensor Y Calibration Peoint 1 mm
Probe Tip to Sensor £ Calibration Pain 1 mm
Recommended Measurerment Distance from Surface 1.4 mm

Mote: Maasurement destance from surlace can Be increased 1o 34 mm for an Area Scan job.

Cartificate Moo EX2-T566_Aug20 Page 4 of 22
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Test report no.: 1-2723/21-01-04-C

cTC||

EX30Wd- SMN.THEE

August 17, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) Pﬂmr:'ﬂ:ttllrﬁy; “TSE.T;T i I ConvF X | ConwFY | ConvFZ | Alpha® Trﬁtn':: _{L_grcﬂ
750 419 0.689 . 10,268 | 1026 10,26 0.55 0.80 +12.0 %
850 415 0.92 2.93 0.93 9.93 0.37 0.95 +12.0 %
S0 41,5 0.97 4,83 083 a6 0.49 080 +12.0 %
1750 40.1 1.37 B8.59 A.54 8.50 036 | 085 +12.0%
1900 40.0 1.40 B.26 8.26 B.26 0.32 080 £12.0%
2450 30.2 1.80 | 7.52 7.52 752 0.37 0.80 +12.0 %
2600 39.0 1.96 7.30 7.30 7.a0 0.35 090 +12.0 %

“ Frequency waldity abowe 300 Mz of 4 100 Mz crly snplies for DASY wd.4 and higher (e Page 2), el @ & resiricted 1o £ 50 MHz. The
unoertainty is the RSS of the ComvF uncerlainty at calibration frequency and the uncertainty far the ndicaled fraguency band. Frequency va

ity
Eeeslerae 300 MMz £ 10, 35, 40, 50 and 70 MHz far ConvF agseseeets al 30, 84, 128, 150 and 230 MH2 respeelivaly. Vilidily of ConvF asgessed al
B MHz = 4-9 MHz, and Cornd atmecoad & 13 MHz 52 9-19 MHz. Abave 5 GH2 frequency valdly can be exderded fo 2 110 MHE

¥ 8 fraguancins balaw 3 GHz, tha valdiy of tssue paramelers (¢ and ) can be relaxed ta = 10% if liquid compensaticn formuta is appiied 1o

megsuned SAR valuss, Al equentas abowa 3 Oz, the validity of tagws perameleds (v and o) & resticied 10 £ 5%, The uncedtainty & the RIS of

the Cormed uncerainty Sar Rdicated lerge lissue parainetas.
B AlphaDepih e detamined during caibration, SFEAG wamants that The remaining deviaticn dus 1o the bourdary alfec 6er compénaation s

abwsys less than + 1% for frequancies befow 3 GiHz and balow + 2% for frequenckas betwean 3-6 GiHz o ary distance fargar $han half the probe tip

diamsrter from the boundary.

Cerificale No: EX3-TSEE_Augao
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Test report no.: 1-2723/21-01-04-C CTC ||| advanced

member of RWTUV group

EXIDN A SN TEGG Aol 17, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566

Calibration Parameter Determined in Body Tissue Simulating Media

| Relative Conductivity Depth © Unc
Fimez® | Permittivity" [ ConvF X | ConwFY | ConwFZ | Alpha® |  (mm) (k=2
a0 55.5 0.96 1061 10,61 1061 10.45 (.80 +12.0 %
B50 56,2 0.949 10.25 10.28 10.28 045 0.ar +120%
a0 2540 1.08 10.18 10.18 10.18 0.3a8 093 £12.0%
1750 53.4 1.48 833 833 3.33 038 0.20 +12.0 %
100 53.3 1.52 8.01 8.01 a.01 0.39 0.85 +12.0 %
2450 5.7 185 7.59 7.59 7,58 038 | 087 | £120%
26800 52.5 2.18 747 T47 | TA4T 0.32 .87 +120% i

© Frequency validiy abowe 300 MHZ of £ 100 MHZ onty applies Tor DASY wi 4 and hegher (208 Fage 21, ake i i resticled 1o+ 50 MHz, The
unisentainty ig i RSS of Ihe ConvF untatsrdy 8l calibration Treguency and Iha uncersnty tor 1he ndicated fraguancy band. Frequendy sty
bk 300 MHz s £ 10, 25, 40, 50 and 70 MHz for ConvF aasessments 8t 30064, 128, 150 and 220 MHz respectively, Vaioily of ConvF sssessed at
6 MHz iz 4-3 MHz, and ConvF assassed ol 13 MHz 2 9-18 MHz, Above 5 GHz tequentcy vakdly can be axdendad 1o + 110 M-z

" freqguencies below 3 GHz, the validity of lsue paramebars. (v and o) can be relaxed o 2 10% il liguid compansation lonmula is appied 1o
measnEd SAR vales. A iequentcikas abawe 3 GHz, the validity of 1s5ue paramalers (o and o) s restricied fo 2 5%, The uncedamty s the RES of
the ConvF ancertaindy for incicated tangs! 1S5UE parameisrs

© alpha Depih ane detamnined during calbrasion. SFEALG wararss that The remaining desiation dus 1o $he bourdary efect afer compersation is

always ass than + 1% for frequencies below 3 GHz and below & 2% for frequenoies befween 3.6 Gz at any distance anger than half ihe prabe tip
diamaler fromi tha boundarny.

Cerlificabe No: EX3-TSE6_Aug2D Page 6 of 22
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Test report no.: 1-2723/21-01-04-C CTC ||| advanced

member of RWTUV group

EX3DV4- 5M:T568 August 17, 2020

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

B e Tt

Freguency responss (normalized)
a
L
(]
I

TTT=TTTTTTTT

=

=1
|

T

OG-

1500 2000 2500 000
Faz

Uncertainty of Freguency Response of E-field: £ 6.3% (k=2)

Certificate Mo EX3-7566_Auwg20 Page 7of 22
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Test report no.: 1-2723/21-01-04-C CTC I||

EXI0VE— SN.T366E August 17, 2020

Receiving Pattern (¢), 9 =0°

=600 MHz. TEM =1800 MHz R22

i
.
v '
. - 5 -
P |
. ia
: e
[ ] " [] ] ] []
Tot E V b Ton X v .

(| FRFEERREREY) REREREERSA SRS RSN ST LEVLIE R Uty O Ch e e S N R i SO Re SuEr I S

Enet [E]

120 1ha 50 B
Roli[]

Ijij%l-lz lﬁtlﬂ-'ﬁ‘l—:z !stl_!'!dH: _'-'Eil!dn-:

Uncertainty of Axial Isotropy Assessment: £ 0.5% [k=2)

5 1o 150

Cartificate Mo EX3-7366_Aug20 Page 8of 22
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Test report no.: 1-2723/21-01-04-C CTC ||| advanced
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EXSDV4- SM.TEEE

Irput Signad [u]

August 17, 2020

Dynamic Range f(SAReaq)

(TEM cell , foyy= 1300 MHz)

1054 i

by

1044

107

| | T T el

104 10t 14t 0 o e 0
SAR [mWicm3]

3 e

not compensdated pEnsated

reat sarmpen sated rEmpansatad

Uneertainty of Linearity Assessment: ® 0.6% (k=2)

Cerlificate Mo: EX3-T566_Aug20 Paga O of 22
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Test report no.: 1-2723/21-01-04-C

CTC ||| advanced

member of RWTUV group

EXIDV4- BM.T3EE

August AT, 2020

Conversion Factor Assessment

f= 300 MH2 WELE RE (H_conyF) T= 1750 MHZ WGELS RIZ (H_conF)

1
" B

Deviation from Isotropy in Liquid
Error (4, 8), f = 900 MHz

0.2
t.a
LR |

3 |
5 42
Lggr:u:u
8.2
0.4
nE |
]
0
1]

"I R R
- o O

10 -08 -0

.4 O 00 02

04 08 0F 14
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cerlificate Mo EX3-T566_sug2)
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Calibration report “750 MHz System validation dipole”

Calibration Laboratary of _‘,\.@.ﬂx
Schmid & Partner PR )
Enginesring AG L p.
Zeughausstrasse 43, B004 Zurich, Switzerland ﬁ*
ik

Arcredied by 1he Swizs Accediation Somvica [S05)
Thie Swiss Accreditation Service is ome of the sigRataries to the EA
Multilateral Agreement for the recegnition of calibration certificates

ceeni  CTC advanced GmbH

Echweizerischar Kalibriardienst
Sarvics auisse délalonnage
Servizio svizzoro o taraturs
Swins Calibeation Service

wowm

heeraditation No.: SCS 0108

Certificate No- DT50V3-1041_May20

|CALIBRATION CERTIFICATE

Tioject O750V3 - SM: 1044

Cafitralion pressdurefs) QA CAL-08v11

Calibration Procedurs far SAR Validation Scurces batwaan 0.7-3 GHz

Cafibralitn date May 07, 2020

This caibralion cetificate documents The traceabiily Lo nalicresl stancards, which raakze e phvsical writs of maasuramants (51,
Tha maasurements and the unoeanies wiih confidance probabikty ae gen an the hollowing pages and are gar of the cerificale.
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Test report no.: 1-2723/21-01-04-C CTC ||| advanced
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Cﬂlihrlatmn Laboratory of glﬁ%ﬂc g Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'®alonnage
Engineering AG g Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzeriand Sy o W S  Swiss Callbeatlon Service
Aceradied by the Swiss Accreditation Service [SAS) Accreditation Ne.: SCS 0108

The Swiss Accreditation Service is one of the signatories o the EA
Multilateral Agreament Tar the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
NI nat applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE 5id 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b} IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to € GHz)", July 2016

c) |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wiraless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 885664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:

*  Measurament 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 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 Paint 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 Retum Loss ensures low
reflected power. Mo uncertainty required.

s Electrical Defay: One-way delay between the SMA connactor and the antenna feed paint.
Mo uncertainty required.

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

+ SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measuremeant

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

Certificate Mo: DT50VE-1041_May20 Page 2of B
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Measurement Conditions
DASY system configuration. as far as not

van on page 1.

DASY Version DASYS [ V52.10.4
Extrapolation Advanced Exlrapolabion
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = Smm
Fregueancy 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were apphed,
Temperature Parmittivity Conductivity
Mominal Head TSL parameters 22.0°C 41.9 0.88 mho'm
Measured Head TSL parameters [220+0.2)°C 42126 % 0.81 mho/m £ 8 %
nHud TSL temperature change during test <0.E5°C — e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measurad

Z250 mW input powes

2,14 Wikg

SAR for nominal Head TSL paramsatars

normakized to W

B.43 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

140 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.53 Wikg * 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applisd.

Tmmratué; [ P;;ﬁ;l-lttlvity Conductivity
Mominal Body TSL parameters 220°C 56.5 0.98 mbaim
Measured Body T5L paramaters (220=202)°C 557 +6% 0.96 mno'm + § %
Body TSL temperature change during test <Q5°C - —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition l

SAR measurad 250 mW inpul power

2.15 Wikg

SAR far nominal Body TSL parameters rarmalized b 1W

B.62 Wikg £ 17.0 % (k=2}

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

SAR measured 250 mW input power

1.42 Wikg

normalized to 1W

S5AR for nominal Body TSL parameters |

568 Wikg + 16.5 % (k=2)

Cerificale Mo DTS0WE-1041_May2D Fage 3 ol &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 548 01-1.9 4

Return Loas -26.1 dB

Antenna Parameters with Body TSL

Impedance, fransformed to feed point 501 81 - 4.9 (2

Retunn Loss - 26.2 dB

General Antenna Parameters and Design

[ Electrical Delay (one direciion) | 1.035 ng

Aftar long term use with 100W radiated power, anly a slight warming of the dipcie near tha feadpoint can be measured,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is diractly connactad 1o the
secend anm of the dipole. The antenna is therefare short-circuited for DG-signals, On some of the dipales, small end caps
are added to the dipobe arms in order to improve matching when loaded according to the position as explained in the
"Measuremant Conditiens® paragraph. The SAR data are not affected by this change. The overall dipoie length is il
according 1o the Standard,

Mo excessive force must be applied 1o the dipole arms, becauss they might end ar the soldered connections near the
fesdpaoint may be damaged.

Additional EUT Data

| Manufactured by SPEAG

Cendicate Mo: DYS0VI-1041_May20 Page # of B
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DASY5 Validation Report for Head TSL

Dhate: (¥7.05, 2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D50V 3; Serial: DTS0V3 - SN:1041

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz: & =091 S/m; & = 42.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASY S ([EEE/IECIANST C63.19-2011)

DASYS2 Configuration:
s Probe: EX3DV4 - SNT7349; ConvF( 10,07, 10.07, 10.07) @ 750 MHz:; Calibrated: 31.12.2019
«  Sensor-Surface: [.4mm {Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 27.12.2019
+  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
= DASYS32 52 10.4(1527), SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0;
Measurement grid: de=5mm, dy=5mm, dz=3mm

Reference Value = 59.07 V/m: Power Drft = -0.01 dB

Peak SAR (extrapolated) = 3.20 Wikg

SAR(L g) = 2.14 W/kg; SAR(10 g) = 1.4 Wikeg

Smallest distance from peaks to all points 3 dB below = 17,1 mm

Ratio of SAR a1 M2 (0 SAR at M1 = 66.6%

Maximum value of SAR (meazured) = 2.85 Wikg

-2.00
-4.00
-6.00

-8.00

0 dB = 2.85 Wikg = 4.55 dBW/kg

Cetilicate No: D750V3-1041_May20 Pags 5 of 8
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Impedance Measurement Plot for Head TSL

Ble Wiew Charnel Swesp Calibration Trace Scale Maher System  Window  Help

— T —

1 Tt S5O0 MHz

[ Ch 1 #vean o
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Antenna Parameters with Head TSL

From cal. data

Measured 2021-04-26

Impedance; transformed to feed
point

548Q - 19j0

55.2 Q -

2.9 j0

Return Loss

-26.1 dB

-25.0 dB
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DASYS Validation Report for Body TSL
Drate: 07.05.2020
Test Laboratony: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz: Type: D750V3; Serial: DTS0V3 - SN: 1041
Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters wied: F= 750 MHz; o= 0.96 8/m; e- = 33.7; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSI C63,19-2011)
DASY 52 Configuration:

» Probe: EX3DV4A - SN7349; ConvF(10.61, 1061, 10.61) (3 750 MHz; Calibrated: 31.12.2019
+  Semsor-Surface: 1.4mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn60]; Calibeated: 27.12.2019

» Phantom: Flat Phantom 4.9 (Back); Tvpe: QD 00R P49 AA; Serial; 1005

o DASYS2 52.104(1527) SEMCAD X 14.6.14{7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0;
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 53.29 Vim; Power Drift = 0.0]1 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(L g) = 2.15 Wike: SAR(10 g) = 1.42 Wikg

Smallest distance from peaks to all points 3 dB below = 16.2 mm

Ratic of SAR at M2 to SAR at M1 =67.3%

Maximum value of SAR (measured) = 2.84 Wikg

-2.00
-4.00
-6.00

-8.00

-10.00

0 dB = 2.84 W/kg = 4.54 dBW/kg

Certficats Mo DFS0VE-1041_May20 Page Tol &
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data

Measured 2021-04-26

Impedance; transformed to feed
point

501Q - 49j0

509Q - 46 j0

Return Loss

-26.2 dB

-26.7 dB
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Calibration report “1750 MHz System validation dipole”

Calibration Laboratory of \.~'\."\"i‘._'_:!'/'5'-'.f_f
Schmid & Partner G

Engineering AG %
Zeughausstrasss 43, 8004 Zurich, Switzerland e

el

Astraditad by tha Swiss Anoeeditation Sanvice (SAS)
Thi Swiss Accredilation Service is one of Bhe signatories to the E4
Multilateral Agreesment for the recogniticn of calibrstion certificates

ciemt  GTC advanced GmbH

Seh . T

o

Servizio svizsena o tarabarn
Swiss Callbration Servica

5
c suisse d'dtalanaag
g

Accraditation Mo SCS 0108

Cartificate Ho: D1 TS0V2-1093_May21

|CALIBRATION CERTIFICATE

| Chyact D1750V2 - SN:1093

| ke ation proseiiessh QA CAL-DE.vT1

Calibration Procedurs for SAR Validation Sources between 0.7-3 GHz

Cakoralion dale: May 14, 2021

Calibraticn Ecuépment ussd (MATE critica! for coibasor)

Trim ik brtion cerfcole documents tha fraceabiity 30 netonsl shindsrds, which roakizo Thie phymcal units of monsuromants (Sl
The Misasuneants and the uncerdainbies with coridence prahabiity ane given on the Ioliowng pages and ame pan of the cerlficals,

Al caliralians funve been condunted in iha dosad labomiony Lecilty: siuennment eengemiues (22 + 310 and humidsy = TO%.

Prmaiy Sandands L] . Cal Dabe (Certficaia Mo Setwscduied Cabbration
Powss mater NP ah: 1oarre D8-fpe-21 (Mo, 51700201 /00052 Apr-22
Power sensor NRP-Z91 | 5ih: 100 GE-Ap-E1 {ND. 217403201) Agr-22
Power sensor NRF-191 SN 106345 GO-Ape-2 (Moo 21703203 A2
Fisfarsnca 20 @ Athorwton SN BHOE9Y 20k D8-Ape-21 (Mo, 217-03343) Aqur-a
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Calibration Laboratary of A, § Schweizerischer Kalibrierdionst
Schimid & Partner % Sarvics suisss o Staborunn ga
Eﬁgineeﬂﬂg AG S -\\_5_ c Serdizio svizoero di tarabura
Teughnusstrasse 43, 3008 Zurich, Switseetant e 5 swiss Calibration Service

Actrediied by the Swiss Accredbation Sendoe [3A3) Accreditation Ma.: SCS 0108
The Swizs Accreditation Servics i ore of the signatories to the EA
Multilateral Agrooment for the recognition of calikration cedifiostes

Glossary:

TSL

ConvF

M/A

tissue simulatng liguid
sengitivity in TSL / NOBM x.y.z
not agplicable or not measured

Calibration is Performed According to the Following Standards:

a)

bl

)

IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wiraless
Communicaticns Devices: Measurement Techniques”, June 2013

IEC £2209-1, "Measurement procedure for the assessment of Specific Absorption Rate
{SAR) from hand-held and body-maunted devices used next to the ear (frequancy rangs of
300 MHz to 6 GHz)", July 2016

IEC 622049-2, "Procedure to determine the Specific Absorption Hate (SAR) for wireless
communication devices used in close proximily to the human body (frequency range of 30
MHz to & GHz)", March 2010

d} KDBE 865664, "SAR Measurement Raguirements for 100 MHz to 6 GHz"

Additional Decumentation:
e} DASY4'5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Repor at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.
Antanna Parameters with TSL! The dipole is mounted with the spacer 1o pasilion its feed
point exactly below the center marking of the flat phantom section, with the arms criented
paraliel to the body axis.

Feed Point Impedance and Return Loss: These parametars 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 poinl. The Retum Loss ensuras low
reflected powear. Mo uncerainty required.

Electrical Delay: One-way delay between the SMA connactor and the antenna feed paint.
Mo uncertainty reguired.

SAR measured: SAR measured at the stated antenna input powsr,

SAR narmalized: SAR as measured, normalized o an input power of 1 W at the antenna
COnnector.

SAR for nominal TSL parameters: The measured TSL parameters are used to caleulate the
nominal SAR resull.

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

Canificale Mo, D17500V2-1093_ May21 Page 2o 6
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Measurement Conditions

DASY system configuration, &5 far as not given on page 1.
DASY Version DASYS V52 10.4
Extrapolation Advanced Extrapodation
Phantem Modutar Flat Phariom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy. dz =S mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
Th following parametess and caleulabons were applied.
Temperature Parmittivity Conductivity
Hominal Head TSL paramaters 2200 401 1.37 mhadm
Measured Head TSL parameters 220402 °C A0.6 + 6 % .37 mho/m = 8 %
Head TSL temperature change during test <05°C e
SAR result with Head TSL
SAR averaged over | cm’ {1 g} of Head TSL Condiion
SAR measungd 260 mW input power 2T Wikg
SAR lar nominal Head TSL parameters narmafized to 1W 372 Wikg = 17.0 % (k=2)
SAR averaged over 10 om’ {10 g} of Head TSk cardifion
SAR measuned 250 miW input power 486 Wikg
SAR tor nominal Head TSL parametars narmalized to 1W 19.5 Whkg + 16.5 % (k=2)
Body TSL parameters
The following parametars and calculations ware applied.
Temperature Permittivity Caonductivity
Nominal Body TSL parameters 22.0°C 534 1.4% mhaim
Measured Body TSL parameters [22.0+02)°C 541 26% 1.49 rrbheiim + 8 %
Body TEL temperature change during test o 550 —- -
SAR result with Body TSL
SAR averaged over 1 em’ {1 g) of Body TSL Candition
SAR measured 250 mW mput power .30 Wikg
BAR lor nominal Body TSL parameaters normalized to 1\ AT.3 Wikg & 17.0 % (k=2)
SAR averaged over 10 om® (10 g) of Body TSL candition
SAR messured 250 W impul power 4,92 Wig
SAR for nominal Body TSL parametars narmalized o 1W T8.7 Wikg & 16.5 % (k=2)

Certificate ho- DHE750V2- 1093 May21

Fage 3ol &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, tranalarmad to fead point STALE-1.1900

Fetun Lass -38.0 0B

Antenna Parameters with Body TSL

Impadance, franslarmed o feed point 45143 - 361

Returmn Loss -23.9dB

General Antenna Parameters and Design

Elecirical Delay {ome direclion) ] 1224 ng

After long tarm use with 100W radisled power, cnly & slight warrming of the dipole near the feedooint can be measured.

Tha dipale is made of standard samifigid coaxial cabla. The center conductar of the feedting line is directly connectsd o the
second & of 1he dipota. Tha antenna is therelore shor-circuited far DC-signaks, On some of the dipoles, small end cags
are aoded 1o the dpole arms inorder 1o improve matching when lnaded aseording 1o the position as explained in the
“Measurement Conditions” paragrapn. Tha SAR data ane not affected by this change. Tha overall dipole length s still
seconding to the Standand.

Mo sxcessive force must be applied 1o the cipole arms, bacausa they might bend ar fhe soldened connactions naar the
feadpoint may be damaged.

Additional EUT Data
| Manulactured by ! SPEAG
Leprtificabe Mo: D1 FHOV2- 108G MayZi Paga 4 ol &
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DASYS Validation Report for Head TSL

Diate: 14.05.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DITS0V2; Serial: D750V - SN:1003

Communication Systerm: UID O - CW: Frequency: 1750 MH:
Medium parameters used; = 1750 MHz; o = 1.37 $/m; g, = 40.6; p= 1000 kg'm®
Phantom section: Flat Section

Measurement Standard: DASYS (TEEEIEC/ANSL Ca3,19-201 1)
DASY ST Configuration:
+  Probe: EX3DV4 - SN7349; ConvFi8.67, 8.67, 8.67) @ 1750 MHz: Calibrated: 2%.12.2020
+  Sensor-Surface: | 4mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sl Calibrated: 02.11.2020
+ Phantom: Fiat Phantom 5.0 (fronty; Type: QD 000 P50 AA; Serial 1001
¢ DASYSZSZI04(1527; SEMCAD X 14.6.14{7483)

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

Refterence Value = 1069 Vim: Power Dnft = (0,03 dB

Peak AR (extrapolated) = 17.3 Wikg

SAR(L g) =927 Wikyg; SAR(L0 g) = 4.56 Wikg

Smallest distance from peaks to all points 3 dB below = [0 mm

Ratio of SAR at M2 1o SAR at M1 =54.2%

Maximim value of SAR {measursd) = 144 Wikg

-12.00

1500

OdB =144 Wkg = | .58 dBW/kg

Cemticate Mo: D1750V2-1003_May21 Fage 5 of 8
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Impedance Measurament Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 14.03,2021
Test Laboratory: SPEAG, Zurich, Switrerland

DUT: Dipole 1750 MHz: Type: DIT30V2; Serial: DITS0V?2 - S8:1093

Communication Systeny: UTD 0 - CW; Frequency: 1750 MH:

Medium parameters used: = 1750 MHz: 5 = 1,49 Sfm; ¢, = 54,1 p = 1000 kgm”
Phamtom section: Flut Section

Measarement Standard: DASYS (TEEEMEC/ANSL C63.19-201 1)
DASY ST Configuration;

-

Probe: EX3DVA - SNT34%; ConvF(8.4%, .48, R 48y @ 1750 MHz: Calibsaed: 28, 12,2020
= Sensor-Surfuce: | 4mm (Mechanical Surface Detection)

+  Electronics: DAE4 Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 5.0 {back); Tyvpe: QD 000 PS0 AA- Seral: 1002
« DASY3252104(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan { 7x7x7 1 Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=3mm

Reference Value = 1013 Vim; Power Drift = -0.00 dB

Peak SAR (exirupolated) = 16.8 Wikg

SAR( g = 9.3 Wikg: SAR(ID g) = 4.92 Wikg

Smallest distance from peaks to all points 3 dB below = % mm

Ratio of SAR at M2 1o SAR at M1 = 56,35%

Muxinum value of SAR (measured) = 14.1 Wikg

-3.00
-6.00
-8.00
-12.00

“15.00

O dB = 14.1 Wikg = [ 1.49 dBW/kg

Cartfecate Ma: D1 FSOV2-1093_May21 Page 7 ol 8
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Impedance Measurement Plot for Body TSL
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of

d 5 Schweizerischar Kaliriendisnst
Schmid & Partner g Service suisse détalonnage
Engiﬂeenng AG Servizio svizzero di taratura
Zrughausstrasse 43, 8004 Zurich, Switzerland 1 Swiss Calibeation Service
Accradiled by the Swiss Accredration Sanice (SAS) Accreditation Mo SCS 0108

The Swiss Accreditation Service is ene of the signatoeies io the EA
MuRilateral Agreement for the recognition of calibration cerificates

clent  CTC advanced GmbH Certificate o: D1900V2-5d009_May20

|CALIBRATION CERTIFICATE

Object D1900V2 - SN:50009

Calbrabon procediea(s) o CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calbrabon tas: MB.‘I_]' 08, 2020

This calioraten cerificata documents the riacaabilty 51 netonal standards. which realizs (he physical units of measusEmanks {51
The measuremants and The uncerainlies with canflidence probabiity are given on the Ferloawing pajes ard ara peet of 1 coifeass
All calinratians bawe beon candusiad in Ma claeed fabaratary faciily: erviranmant tempanabine (22 + 3°C and humidity = T0%.

Caloration Equipment used [METE crilical for cabbration)

Primagy Skandards DA Gl Date (Conficate Mo} Scheduled Cakbration

Power mater MAF S8 TR Cri-Apr-20 [Me. 21 7-0310005101) Apr-21

Prowes seresor MAF- 201 I 100244 C-Ape20 (Mo 21 7-03100) Apr-21

Powes gengar MP-Z31 SN 10aReS Ori-Ape-20 (M. 21703101} Apr-21

FAeferencs 20 dB Aanuaiar SN EHEG (20k) 31:Mar20 (Mo 21 7-03108) Apr21

Type-H mismatch combinalion SH: A105E2 S DT F1-Mar-20 (Moo 21 F-0an04) Apr-21

Aeglarenca Prabe EXI0VY EM; 7349 31-Dec-18 [No. EX3:7340_Dec1®) D200

DAEA SM: B 27-Dao-19 (Mo, DAE4-H0Y_Decid) D200

Sapondary Stantands D # Cnack Dale (i house)| Sehedules Check

Powes maler E44158 SN GBE39512476 a0-Cet-14 (0 house chack Fab-19) In hause crack; DEl-20

Pawes serear HP B4814 S UsaraasTaa O7-01-15 (e hovss chaek Oet-18) In Firugie cheadk: Oel-20

Pawer gereor HP Bai1h, SN MYS4E0E231T 07-0c1-18 (n house chack D51-13) In hause chack: D20

AF generatar AAS SMT-06 SH100eT2 1Sedure1 5 din house check Ccl-18) I hauge eheei: Del-20

Mabwdit Analyser Agieni EEI58E | SN: US440R0477 Fi-han-14 (N house check Dct-18) In hause chasi: D27
Mamg Fumction Signahing

Calirated by: Jeton Kastial Laboraiory TmﬁQ\? (Q’
Apptoved by Kalla Pkt Technical Managss ,’ﬂi’?_

suad May B 2080

This calibralian cedilicate shab nal b regioduced except in full withaul written appecval of the labarstory.

Cartificete Mo D1900W2-5:3008_Mayes Page 1 af &

Page 41 of 72




Test report no.: 1-2723/21-01-04-C CTC ||| advanced

member of RWTUV group

- " e
Calibration Laboratory of fg?

! ; S S Schweizerischer Kalibrierdienst
Sﬂhm!d & Fja.rmer M c Sarvice suisse détalonnage
Engineering AG e Servizio svizzers di taratura
Zeughausstrasse 43, BODS Zurich, Switzerland 7y S swiss Calibration Service
e
Accreditan by 1ha Swes Accreditation Sendca (S45) Acereditation No.; SCS 0108

The Swiss Accreditation Service is one of the signalories to the EA
Multilateral Agreement for the recognitian of ealibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL/ NORM x,y,z
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 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear {frequency range of
300 MHz to 6 GHz)", July 2016

c) IEC 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

d) KDB BE5664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
) DASYA/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.

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

» Foeed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid 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 paoint.
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 uncertainty of measurament
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cenificale Mo D1S00VE-5d008_May20 Page 2 of 8
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Measurement Conditions

DASY system cenfiguration, as far as nat non page 1.
DABY Version DASYs V52, 10.4
Extrapaolation Acvanced Extrapolation
Phantom Moduslar Flai Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 men
Frequency 1900 MHZ + 1 Mz
Head TSL parameters
The following parameters and calculations were appled
Temparature Permittivity Conductivity
Hominal Head TSL parameters 22.0°C 40.0 .40 mhaodm
Measured Head T5L parameters (220 =02)°C 415+ 6% 1.40 mha/m + & S
Head TSL temperature change during test =05°C e
SAR result with Head TSL
SAR averaged over 1 em® (1 a) af Head TSL Candition
SAR measured 250 mW input power 3,66 Wikg

SAH for mominal Head TSL parameters narmalized to 1W

38.9 Wikg = 17.0 % (k=2)

BAR averaged owver 10 cm” (10 g} of Head TSL candition

SAH measured 250 mW input power

5.04 Wikg

SAR for nominal Head TSL parameters nommalized to 1W

20.3 Wikg = 16.5 % (k=2

Body TSL parameters
The fodlowing pararneters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 53.3 1.52 mha'm
Measured Body TSL parameters (22,0 + 0.2} °C 541 +6% 1.51 mhaim + 8 %
Body TSL temperature change during test <{L.5°C e —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Cendition
SAR measurad 250 m¥W input power 59.78 Wikg

SAR lor nominal Body TSL parameters

narmalized to 1TW

39.4 Wikg + 17.0 % (k=2}

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

condaion

SAR measured

250 mW input power

5.16 Wikg

SAR for nominzal Body TSL paramaters

normalized to 1W

20.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d4009_May20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, franstormed to feed poin SO+ 280

Return Loss - 306 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point [ 4730 +38[0

Retum Loss [ - 28.5 dB

General Antenna Parameters and Design

| Etectrical Delay (one diection) 1.184 ns

After long term use with 100W radiated power, only & slight warming of the dipole near the fesdpaint can ba measured.

The dipole is made of standard semingid coaxial cable. The center conduetor of the feeding ling is direclly connected to the
second arm of the dipole. The antenna is therefere shon-cirevited for DC-signals. On some of the dipsles, small end caps
are added 1o the dipole arms in order 1o improve matching when loaded according 1o the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change, The avarall dipale length is still
according fo the Standard.

Mo excessive force must be applied to the dipala arms, because they might bend or the saldered connectiona nesr the
teadpoint may be damaged.

Additional EUT Data

Marufactured by SPEAG

Certificate Mo: D1900V2-5d009_Bay20 Page 4 of 8
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DASYS Validation Report for Head TSL

Drage: 07.05.2020
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 1900 MHz; Type: D1900Y2; Serial: D900V 2 - SN:5d000

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; o = 1.4 Sim; & = 41.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/EC/ANST C63.19-2011)

DASYS52 Configuration:
«  Probe: EX3DV4 - SN7349; ConvF(8 .6, 8.6, B.6) @ 1900 MHz: Calibeated: 31.12.2019
= Sepsor-Surface: 1.4mim (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601: Calibrated: 27.12.2019
+ Fhantom: Fiat Phantom 5.0 (front); Type: QD 000 P30 AA: Serial: 1001
o DASY3232.104(1527); SEMCAD X 14.6.14{7483)

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

Reference Value = 107.7 ¥in Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.0 W/kg

SAR(] gh=9.66 Wikg; SAR(10 g) = 5.04 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 10 SAR st M1 = 54.3%

Muaximum value of SAR (messured) = 15.1 Wikg

-4.00
-§.00
-12.00

“16.00

-20.00

0dB = 15.1 Wikg = 11.79 dBW/kg

Cerificale Mo D200VE-5d003 . May2( Page Sof 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2021-04-26

Impedance; transformed to feed
point

50.7 Q +

2.9 jQ

50.4 Q +

2.9 jQ

Return Loss

-30.6 dB

-30.7 dB
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DASYS Validation Report for Body TSL

Date: 08.05,2020
Test Laboratory: SPEAG, Zurich, Switrerland
DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D190V 2 - SN:5d009

Communication System: ULD 0 - CW: Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 6 = 1.51 $/m: & = 54.1; p = 1000 ke/m’
Phantom section; Flat Section

Measurement Standard: DASY S (IEEENEC/ANSICH319-201 1)

DASYS52 Configuration:
« Probe: EX3DVY - SNT349; ConvF(E42, 8.42, 8.42) @ 1900 MHz: Calibrated: 31.12.2019
= Sensor-Surface: |.4mim (Mechanical Surface Detection)
¢ Elecironics: DAE4 Sn601; Calibrated: 27.12.2019
= Phantom: Flat Phantom 3.0 (back); Type: QD 000 P50 AA; Serial: 1002
= DASYS2 52.10.401527); SEMCAD X 14.6.14(7483)

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

Reference Value = 104.3 Vim: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 17.2 Wikg

SARI g) = 9.78 Wike: SAR(L0 g) = 5,16 Wikg

Smallest distance from peaks to all poinis 3 dB below =9 mm

Ratio of SAR at M2 to SAR at M1 =57 8%

Maximum value of SAR imeasured) = 14,8 W/kg

0dB = 148 Wkg = 11.70 dBW/kg

Corificate Mo: D1900V2E-5d009_May20 Page 7 of B
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data

Measured 2021-04-26

Impedance; transformed to feed
point

473Q + 38jQ

47.6 Q +

3.6 jQ

Return Loss

-26.5 dB

-27.1 dB
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Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of A,

S i § Schwelzerischer Kalibrisrdienst
Schmid & Partner = o Service suisse diétalannage
Eng |ne&ring AG T ! Servizio svizzero di taratura
Zeughaussirassa 43, B004 Zurich, Switzerland ""wﬁﬁ} Wy f,f S swiss calibration Servics
o | L)
Accredited by tha Swiss Accraditation Sendca [SAS) Accreditation No.: SCS 0108

Tha Swiss Accraditation Service is ome of the signatories ta the EA
Muhtilateral Agreemen for the recognition af calibration certificates

cient  CTC advanced GmbH Certificats No: D2450V2-T10_May19

[CALIBRATION CERTIFICATE

Objact D2450V2 - SN:T10

Caliration procedureds) QA CaL-05v11
Calibration Procedure for SAR Validation Sources befween 0.7-3 GHz

| Calibration date: May 14, 219
This caibralion cenificate documents the tracaabiksy o nasonal standards, which realize he physical wils of nessuraments (S0,
The messurements ard tha uncarianlies with confidance probabiity are given on [he kollowing pages and are part of the cerbficabe,
All calibrations have been conducted in the dosed laboratory faclity: environmeant emperatone (22 + 3070 and humidity © 70%
Caliaraton Equipment used (MATE criticad for caliorasaon)
Prmary Stardards [+F] Cal Chate {Cerfiicate Mo,) Scheduiiad Calibvalion
Power matar NRP S 104TTE D3-Apr-18 [No. 217-02B32/0289 1) Apr2y

| Pawnr senser NRP-281 5M: 103244 D3-Apr-10 [No. 217028032} Apr20
Pawsr sensor NRP-£91 5N 103245 O3-Apr-18 {Mo, 217-02893) Apr-20

| Rederenca 2 dB Alterualor EM: S05E {20k} Od-Agr-18 (Mo, 21702064 Ape-2i
Type-N mismaich combinatan Sh: 50dT 2 AT Odefpr=1% (M. 21707995) Bpr-20
Reference Probe EXIOWE Sh: Tl4G 31-Dec-18 (Mo, EX3-T349 Dac18) Dac-19
DAEd S Gl A0-Apr-11 (No. DAS4-801_Ape1d) Bpr-30
Secondary Standards lio# Check Dala [in heuse) Scharulod Chack |
Poreest meder E44198 Sh: GRIGRI4TE J0-0c3-14 {In howse check Feb-19) In hiuse check: Oal-20
Porwer sensor HP 84810, S US3T2G2783 O7-0hce-A5 {in howge chesk Oel-18) In hause chack: Qci-20
Powegr sensor HP 84814 M MY41092377 O7-0ct-15 (in house chick Oot-18) In house check: Oot-20
RF ganarator RS SMT-06 SM: 400472 15-Jur-15 {in hause check Ok 18) In hause chack: Oci-20
Mabwhrk Analyzer Agilent EGISEA | SM: LS41080477 E1=har-14 {in house check Ocl-16) Inhouse check: Oct-18

Kame Funclion Signalra

Cabbrates by Michast Weber Laberatoey Technician («
|

Approved by: Kat@ Pokovic Technical Managar f}{r_."g?:-’f 3

lasued: May 14, 2019

Thizs {:BEIE-'B!@!EH?‘I_K:EE& shall nol be reproduced excepl in full without wrillen approval of the laboratony
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Calibration Lahﬂmﬂw of _-.\"""\::‘_\-..IJ{II""/.:_ ' " 5 Schweizerischer Kalibrigrdienst

Schmid & Partner % = ¥ "l c Service sulsse d'étalonnage
Engineering AG T y X Servizio awizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzarand T’W{ﬁ;ﬂ'\? & ;__*i-" 5 guwiss Calibestion Berice

Accradied by the Swiss Accreditatan Sarvice (SAS) Accreditation Mo, SCS 0108
The Swiss Accreditation Service |5 one of the signatories to the EA
Multilateral Agreameni far the recognition of calibration cenificates

Glossary:

TSL lissue simulating liquid

ConvF sensitivity in TSL f NORM =y z
A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE 5td 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 IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

) IEC 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

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

Additional Documentation:
) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s  Measuremeni Conditions; Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

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

o Feed Point impedance and Return Loss: These parameters are measurad 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 Retun Loss ensures low
reflected power. Mo uncertainty required.

« FElacirical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

s SAR measured: SAR measured at the stated antenna input power,

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

«  SAR for nomina! 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 comesponds to a covaraga
probability of approximately 95%.

Certificate No: D2450V2-T10_May19 Page 2 of B
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Measuremant Conditions

DASY system configuration. &5 far as mot given on page 1.

DASY Version DASYS VEZ2.10.2
Extrapolation Advanced Exlrapalalion
Phantom Modular F|;;.|.:'_hl;.l'lltll'l'l
Distance Dipole Center - TSL 10 mam wilh Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 2450 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

] Temperature Permittivity Conductivity
Hominal Head TSL parameters 22.0°C 32 1.80 mhao'm
Measured Head TSL parameters (220202 °C ATT:E% 1.85 mho'm £ B %

_Haaﬁ T5L temperature change during test <05°C == —

SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Canditian
SAR measurad 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameders

normakized o 1W

51.6 Wikg £ 17.0 % (k=2)

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

conditian

SAR measurad

250 mW inpul pawer

.08 Wik

SAR for nominal Head TSL paramelers

normakized o 1W

24.0 Wika £16.5 % (k=2)

Body TSL parameters
The following paramaters and calculabions were applied,
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 20°C 227 | 1.595 mho'm
Measured Body TSL parameters (220+02)°C 50.7 + 6% 2.03 mhevm £ 6 %
Body TSL temperature change during test | <05°C .
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body T5L Candition
5AR measured 250 mW inpul power 13.1 Whkg

SAR for nominal Body TSL parameters

rarmalized Lo W

51.0 Wiko £ 17.0 % (k=2)

SAR averaged over 10 cm?’ {10 g) of Body TSL

candilian

SAR measurad

250 mW inpul power

603 Wikg

SAR for nominal Body TSL parametars

narmakzed to 14

237 Wikg £ 16.5 % (k=2)

Certificate No: D245002-710_May19
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420+ 340
Return Loss - 25,7 dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point 496 (2 + 4.4 (2
Return Lass -2714d8

General Antenna Parameters and Design

Elecirical Dwalay (one direclion) 1158 ns

After long term use with T00W radiated power, onky a slight warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The cenber conductor of the Teeding line is directly connected o the
sacond arm of the dipola. The antenna is therefora short-circuited for DC-signals. On some af the dipoles, small end caps
are added to the dipole arms in order to improve maitching when loaded according (o the posilion as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is shill
according to the Standard.

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

Additional EUT Data

| Marufactured by ]_ SPEAG

Cerficate No: D24300WE-T10_May19 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 14052019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:T10

Communication System: UID & - CW; Frequency: 2450 MHz
Medium parameters used: £= 2430 MHz; 6 = LES 8/m; & = 37.7 p= 1000 kg.-'m]

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/AEC/ANSI Co3.19-2011)

DASY 52 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(7.96, 7.06, 7.96) @@ 2450 MHz: Calibrated: 31.12.2018
«  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sné0]; Calibrated: 30.04,2019
«  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA: Serial: 1001
o DASYS2 3210 2(1495); SEMCAD X 14.6,12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sean (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=53mm, diz=5mm

Reference Value = 116.7 Vim; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 26.6 Wikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) = 6.08 W/kg

Maximum value of SAR (measured) = 21,9 Wkg

5.00
-10.00
-15.00

-20.00

-25.00

0 dB =219 Wikg = 1340 dBW/kg

Cerificate No: D2450V2-T10_May1d Page 5 of &
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2020-06-03

Impedance; transformed to feed
point

542 Q + 340

527Q  + 3.0jQ

Return Loss

-25.7 dB

-28.2 dB
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Antenna Parameters with Head TSL

From cal. data

Measured 2021-06-21

Impedance; transformed to feed
point

542 Q +

3.4 jQ

544Q + 26 j0

Return Loss

-25.7 dB

-26.2 dB
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DASYS Validation Report for Body TSL
Doate: 09052019

Test Leboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:T10

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

Medium parameters used: = 2430 MHez; o= 203 8/m; &= 50.7; p = 1000 kg/m’
Phanmtom section: Flat Section

Measurement Standard: DASY S5 (IEEE/TEC/ANSL C63.19-201 1)

DASYS2 Configuration:
o Probe: EX3IDV4 - SN7349; ConvF(R.09, .00, B.09) (@ 2450 MHz; Calibrated: 51.12.2018
«  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 8n601; Calibrated: 30.04.2019
= Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

« DASYSZ 32.10.2(1493); SEMCAD X 14.6.12(7450)

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

Reference Value = 1094 Vim: Power Drift = 0,00 dB

Peak SAR (extrapolated) = 26,4 Wika

SAR(1 g) = 13.1 Wikg; SAR(10 g) = 6.03 Wikg

Maximum value of SAR (measured) = 21.7 Wikg

<5.00
-10.00
-15.00

-20.00

-25.00

0dB =217 Wike = 1336 dBW/ke

Certificate Mo D245002-T10_May 19 Page T of &
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data

Measured 2020-06-03

Impedance; transformed to feed
point

496Q + 440

49.6 Q +

3.4 j0

Return Loss

-27.1 dB

-29.2 dB
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Antenna Parameters with Body TSL

From cal. data

Measured 2020-06-21

Impedance; transformed to feed
point

49.6 Q +

4.4 iQ

496Q + 400

Return Loss

-27.1 dB

-27.9 dB
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8 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Tewghiusatrasss 43, B004 Zurich, Switzeriand

Sehweiperischer Kalibri

Saruids suisas d'éalonnage
Saerdizio kvisero di mrstus
S Calibration Service

Accrediled by the Seiss AccrpdRaion Senecs [SAS) Aecraditstion No.: SCS 0108
The Swiss Accreditation Service is one of the signataries to the EA
Wultitateral dgreement for the recognition of calibradion coriticetes

Client CTC advanced GmbH Certificste No: DAEI-4TT_May21
CALIBRATION CERTIFICATE

Object DAE3 - S0 000 DO3 AA - SN: 477

Calbamtion prococurs|sh QA CAL-DE V30
Calibration procedure for the data acquisition electronics (DAE)

Cafiiraon cate May 11, 2021

This calbeation cordcale documents the iraceabdity 1o rabonal stardasds, which ralea the physical units of meRsunemanis (51)
The messuromaents and tho uncorfaintins with confidenco probatiiy are gran on the kallowing pages and ane part of B ceficals

Al palbratora hava bean conducied in tha dosoed ebomiony feefily: amdnsenant lempamdanmn (232 +« 3)°C ard homidity < oSy

Calkeation Equigman| used (MATE crtioal for salinration)

Primary Standaeds 1o Cal Date {Conficats Mo Sehaduled Cabbeation i
Haithiey Muftimatar Typs 20H : BN OH10ETE - Sg- 20 (Mo 2B8AT) Sep-21
SHMMI‘_E_S{MH: ||ur Cmch Dab {0 Fioeibs) Seheduled Chack
Auta DAE Cakbeation Ling SE UWS D53 A8 1007 OF-udan-21 {in house checs) Ini b check: Jan-22
Gakbrator Box Wi, 1 SE UG 006 AR 1002 OF-Jar-21 {im houss chedk) In nouse chocik: Jars2E

Marme Funciion Signahea

| Calibraind by: Daminics Shatan Labentory Tocheiian Z 7

! ; _
| Aspprcraed bry Sven ilin Daputy Managar Xz "
W -@&LLL{H

Issied May 11, 2021

This cabbraton certheats shall nol be reproduced Wf.ﬂl:ﬁh‘f_q‘! wiitan appeaval of s laboriarny

Cotdicare No: DAE3-4TT_May21 Page 1af5
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9

Calibration certificate of Data Acquisition Unit (DAE)

= . TN LTS
Calibration Laboratory of g@z} Sehwelzerischer Kallbrierdienst
Schmid & Partner w Sarvice suisse d'étalonnage
Engineering AG Ted Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland R Swiss Calibration Service
il ™
Aocredited by the Swiss Accraditabion Service ([SAS) Accreditation No.; SCS 0108

The Swiss Accreditalion Service |2 ane of the signetories to the EA
Muitilatersl Agreement for the recognition of calibration certificates

Clignt CTC advanced GmbH Certificate No: DAE4-1387_Aug20

ICALIBRATION CERTIFICATE
|

| Object DAE4 - SD 000 D04 BM - SN: 1387

Calibration procedure|s) QA CAL-06.v30
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: August 13, 2020

This calibration cerilicate documents the traceability ko national standards, whach realize the prysical units ol measurements. (S1).
The measuramants and the uncertamies with confidence probability ara given on the following pages and are pan of the cerificate

Al calibrations have been conducied in the closed laboratory facilily: environment temperature (22 = 3)°C and humadily < 7055,

Calibration Equiprment used (M&TE critical for calibration)

| Primary Standards =X Cal Date (Cedificate Mo.) Scheduled Calibration N
Keithiey Mutimater Type 2001 | SN 0810278 03-5ap-19 (Mo:2594%) Sep-20
Secondany Standards lios# Check Date {m house) Echeduled Check
Ao DAE Calibration Linit SE UWS 053 A& 1001 09-Jan-20 (in house check) In house check: Jan-21
Calibrator Box V2.1 SE UMS 006 AA 1002  02-Jan-20 (in house check] In house check: Jan-21

Mame Funtlicn Signature

Calibrated by: Adrian Gehring Laboratery Technician /{k’

A .U @M‘ww’

Izaued: August 13, 2020

Approved by: Syen Kihn Deputy Manager

This cafibration cartficate shall nod be reproducsed except in full withoul writtan apgroval of the laboratlony,

Cartificate Mo: DAE4-1387_Aug2( Paga 1 oi 5
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10 Certificate of “SAM Twin Phantom V4.0 and V5.0"

Schmid & Partner Engineering AG s

p e a g

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http:/fwww.speag.com

Certificate of Conformity / First Article Inspection

Itemn

SAM Twin Phantom V4.0 and V5.0

Type No

QD000 P40 C

Series No

TP-1150 and higher

Manufacturer

Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests

Complete tests were made on the pre-series QD 000 P40 A, # TP-1001, on the series first article QD
000 P40 B # TP-1006. Certain parameters are retested on series items.

| Test Requirement Details Units tested
| Dimensions Compliant with the geometry IT'IS CAD File * First article,
according to the CAD model. Samples
Material thickness | 2mm +/- 0.2mm in flat section, in flat section, First article,
of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 ff.
Material thickness | 6mm +/- 0.2mm at ERP First article, All
at ERP items
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 | Material
parameters loss tangent < 0.05, at f < 6 GHz | loss tangent < 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liquids. ** Material sample
Sagging Sagging of the flat section in < 1% for filling height up Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
simulating liquid.

The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
the other documents.

Note: Compatibility restrictions apply certain liquid components mentioned in the standard,
containing e.g. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibility.

Standards

[1] OET Bulletin 65, Supplement C, “Evaluating Compliance with FCC Guidelines for Human Exposure
to Radiofrequency Electromagnetic Fields", Edition 01-01

[2] IEEE 1528-2003, “Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues, December 2003

[3] IEC 62209-1 ed1.0, "Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1:
Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", 2005-02-18

[4] IEC 62209-2 ed1.0, "Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 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)", 2010-03-30

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of hand-held SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

s p e a _&
Date 25.07.201 Si & Pact AG
5 011 cn%‘gﬁ:e 74 BOV‘W"”
‘,-1 5778
Signature / Stamp E a?‘f,_ i ’

DocNo 881-QDO00P40C-H Page 1(1)
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11 Application Note System Performance Check

11.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

11.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. The actual dipole input power level can be between 20mW and
several watts. The result can later be normalized to any power level. It is strongly recommended to note the
actually used power level in the ,comment“-window of the measurement file; otherwise you loose this crucial
information for later reference.
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System Performance Check

The DASY installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

e The ,reference" and ,drift* measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY system below + 0.02 dB.

« The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

e The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
~area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

11.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY system:

* RF ambient conditions

« Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

« Liquid permittivity - measurement uncertainty
« Liguid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation DASY 5/8 and cDASY6

In the tables below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the IEEE1528 standard is given. This uncertainty is smaller
than the expected uncertainty for mobile phone measurements due to the simplified setup and the

symmetric field distribution.

for the 0.3 - 6 GHz range

DASY 5 - Uncertainty Budget for System Validation

Source of Uncertainty | Probability [Divisor] ¢ | ¢ | Standard Uncertainty | .2 o

uncertainty Value Distribution (1g) | (10g) | =%, (19) [+ %, (109) | Ve
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%|+t 66% o0
Axial isotropy + 4.7 % | Rectangular | V3 1 1 [£ 27%|x 27% o0
Hemispherical isotropy + 9.6 % | Rectangular | 3 0 0 |+ 00%|+ 0.0% o0
Boundary effects + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Probe linearity + 4.7 % | Rectangular | V3 1 1 |+ 27%|+x 2.7% o0
System detection limits + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 06% o0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%|+ 03% o0
Response time + 0.0 % | Rectanqular| V3 [ 1 1 [+ 00%|l+ 00%] =
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% o0
RF ambient conditions + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Probe positioner + 0.8 % | Rectangular | V3 1 1 |+ 05%|+ 05% o0
Probe positioning + 6.7 % | Rectanqular V3 1 1 [ 39%|+ 3.9% 0
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 |+ 12%|+ 1.2% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 |+ 32%|+ 3.2% o0
Dipole Axis to Liguid Dist. + 2.0 % | Rectangular | ' 3 1 1 |+ 12%|+ 1.2% o0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 |+ 20%|+ 20% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 |+ 23%|+ 23% o0
SAR correction + 1.9 % | Rectangular | V3 1 (084 11%|+ 09% o0
Liguid conductivity (meas.) + 50 % Normal 107810711+ 39%|+ 36%[ =
Liquid permittivity (meas.) + 50 % Normal 1]1026]026|+ 13%|x 13% o0
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 |078]071[+ 08%|+ 07% o0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]023]026[+ 00%|+ 00% o0
Combined Uncertainty + 10.7 % |+ 106 % | 330
Expanded Std. £ 214%|+ 21.1%
Uncertainty

Table 1: Measurement uncertainties of the System Validation with DASY5 (0.3-6GHz). The RF ambient

noise uncertainty has been reduced to £1.0, considering input power levels are = 250mW.
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cDASY 6 - Uncertainty Budget for System Validation
for the 0.3 - 6 GHz range

Source of Uncertainty | Probability |Divisor| Ci ¢ | Standard Uncertainty | 2o

uncertainty Value Distribution (19) | (10g)| £ %, (19) |+ %, (10Q)| v
Measurement System
Probe calibration + 66 % Normal 1 1 1 |+ 66%|+ 66% 0
Axial isotropy + 47 % | Rectangular | 3 1 1 [+ 27%|x 27 % o0
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+ 0.0% o0
Boundary effects + 1.0 % | Rectangular | 3 1 1 [+ 06%|]+ 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 [£ 27%|x 27 % o0
System detection limits + 1.0 % | Rectangular | 3 1 1 [+ 06%|]x 06% o0
Modulation Response + 0.0 % | Rectangular | V3 1 1 [+ 00%|x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 |+ 03%|+ 03% o0
Response time + 0.0 % | Rectangular [ 3 1 1 [+ 00%|+ 00%]| =
Integration time + 0.0 % | Rectangular | 3 1 1 [+ 00%|]x 0.0% o0
RF Ambient Noise + 10 % | Rectangular | V3 1 1 |+ 06%|+x 0.6% o0
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 [+ 06%|x 06% o0
Probe positioner + 0.04 % | Rectangular [ V3 1 1 |+ 00%|+x 0.0% 0
Probe positioning + 0.8 % | Rectangular | V3 1 1 [+ 05%|x 05% o0
Max. SAR evaluation + 0.0 % | Rectangular [ V3 1 1 [+ 00%|]+ 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | 3 1 1 [+ 32%|]x 32% o0
Dipole Axis to Liquid Dist. + 20 % | Rectangular | V3 | 1 1 |+ 12%|+ 12%]
Input power & SAR drift + 3.4 % | Rectangular | 3 1 1 [+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | 3 1 1 [+ 23%|x 23% o0
SAR correction + 19 % Normal 1 1 10841+ 19%|+x 1.6% o0
Liquid conductivity (meas.)°X t 25 % Normal 110781071+ 20%|+ 18% o0
Liquid permittivity (meas.)>< + 25 % Normal 110231026+ 06%|+ 0.7% 0
Temp. unc. - Conductivity>: + 3.4 % | Rectangular V3 [078]071]+ 15%|+ 14% 0
Temp. unc. - Permittivity®® + 04 % |Rectangular| V3 [023[026|+ 01%|+ 01%|
Combined Uncertainty + 95%|x 94 %
Expanded Std. Uncertainty + 190%|+ 188 %

Table 2: Uncertainties of a system validation with cDASY6 (0.3-6GHz). The RF ambient noise uncertainty
has been reduced to +1.0, considering input power levels are = 250mW.

Footnote details:

BB if SPEAG's broad-band liquids (BBL) are used that have low temperature coefficients;
DAK'if SPEAG's high precision dielectric probe kit (DAK) is applied.
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Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

Symbol Error Description Un{:/ertainty P.roblabil.ity Divisor & Ea Standard Uncertainty
alue Distribution (1g) | (109) | = %, (19) |i %, (109g)
Measurement System Errors
CF Probe Calibration Repeat. + 131 % Normal 2 1 1 + 93% [+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 % /| Rectangular | ¥ 3 1 1 + 10% |+ 1.0%
LIN Probe linearity + 4.7 %/ Rectangular [ ¥ 3 0 0 + 00% [+ 0.0%
BBS Broadband Signal + 0.0 %] Rectangular | V 3 0 0 [+ 00%|+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %] Rectangular | V 3 0 0 + 00% |+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 + 00% [+ 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 [+ 00%|+ 0.0%
JAVR Probe Positioning + 05 % Normal 1 029|029 |+ 01% |+ 01%
DAT Data Processing + 00 % Normal 1 1 1 + 00% [+ 0.0%
Phantom and Device Errors
LIQ(o) [conductivity (meas.)P¢ + 25 % Normal 1 1078|071 ]|+ 20% |+ 1.8 %
LIQ(To) |Conductivity (temp.)5E + 3.4 %|Rectangular| V3 078071 [+ 15% |+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00% [+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 + 26% [+ 26%
MOD DUT Modulationm + 0.0 % | Rectangular | ¥ 3 1 1 + 00% |+ 0.0%
TAS Time-average SAR + 0.0 %/ Rectangular [ ¥ 3 1 1 + 00% [+ 0.0%
VAL Validation antenna + 32 % Normal 1 1 1 + 32% [+ 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20%([(+x 20%
Correction to the SAR results
C(g, o) |Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 1.6 %
u(ASAR) |Combined Uncertainty + 10.8 % [+ 10.7 %
) Expanded Uncertainty +21.7 % |+ 215 %

Table 6.2.1: Uncertainty of a system validation with DASY8 system (300MHz - 6 GHz). The RF ambient
noise uncertainty has been reduced to + 1.0, considering input power levels are = 250mW. All listed error
components have ?e f fequal to «.
Footnote details:

BB if SPEAG's broad-band liquids (BBL) are used that have low temperature coefficients;

DAK'if SPEAG'’s high precision dielectric probe kit (DAK) is applied.
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11.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
. 3dB .
Signal Low cable
Generator Pass I = } } @
Att3
Att2 |;
® =
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

« The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

e The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

e The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

e The directional coupler (recommended 3 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

e The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

* The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

e The power meter PM1 and attenuator Attl must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.

* Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.
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e The dipole must be connected directly to the cable at location “X". If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Attl and
calibrate the attenuator with the coupler.

« Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

11.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.qg. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

11.6 Additional system checks

While the validation gives a good check of the DASY system components, it does not include all parameters
necessary for real phone measurements (e.g. device modulation or device positioning). For system
validation (repeatability) or comparisons between laboratories a reference device can be useful. This can be
any mobile phone with a stable output power (preferably a device whose output power can be set through
the keyboard). For comparisons, the same device should be sent around, since the SAR variations between
samples can be large. Several measurement possibilities in the DASY software allow additional tests of the
performance of the DASY system and components. These tests can be useful to localize component
failures:

e The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

« If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

e The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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