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Calibration report “Probe EX3DV4” — SN: 3944

Calibration Laboratory of AR Schwezerischar Kaibrrdionst
Schmid & Pariner A : Sorvice sulsse o stslonnage
Engineering AG %’ g Servizin svazer o tarmturs
Zoughausstrasse 41, A0 Turich, Switzsdand ?ﬂfﬁv\? Swiss Calibrasion Seevice
o by e Swiss Aecens Sariech (RAS} Aceraditaion Ne: SCS 0108

The Ewiss Accredititicn Sarvica is ann of the signaiories to the EA
altilwtoral Agresmant For the recogrition of calibration cenificaes

Calivation petadueis]

Calitron date:

ﬁsmmwﬂammmhnmmmmummmﬂmmulﬂl
This s remeiiz: and T UNCeRaiRiis with corfideocs probabify oo given on The lxlowing asges and are par of the coifcass

Al coiteatons have been coriucied in the dosed laboealory Tacilly: wrronment lempenatune (22 3 370 and Fumicdy = 0%

Citration Eauiomeni used (METE oraboal for cadvaton)

Pranary Standonts o Cat Dt {Cortdicabe o | Setectules Cabbrilon
Fower meler MEP SN: $0ETTE M.NP!-ZI:H& HHPDAERENARR) Fpr
| Posnr sensor NRP-Z3H St T4 TH-Apr-22 (Mo 24703504) AT

Pt senmar NRP.Z5 3 10 D-fgr-g3 iho 21708525 Aprs

Pptargran 20 g AHssuaior Hh. COILED (30 Ddedipr-23 (Ma F1R-0AbET) April

DaES _| 5N: 6ED 1300821 (Mo DAE4-E80 Oe1Z1) Cel-3d
| Peeerenca Frobe ES30WE L IE) 27-Dec-21 {No. ES3-3013 Dacgl | Dee22 i
5 dary Shandards Ee) Cteeack: Dt fie houae)

Fower meke EA4EE SN: GB41F00874 DEAEr1E (in Frosss chick Jun- 301

Pz wenmor E449240, SN M4t dam0a7 D¥irdor- 16 in house check 28

Piever sevior EA4 128 SN DO0190218 DEAEr-18 (i oz check Jun-23)
| B germmainr HP 8640 SN L4200 700 Di-Fuig-08 {in housa chack Jen-20)

Pagtwitk Araherer ERANEA BN LIS4T0B4TT A1-Mliar- 14 (in howmee check Oct20)

Issued Mey 18, 322

Eﬁtﬂmwﬁmmr&hﬂmmnmuwﬂmmwmmm_

Certificata Mo EX33044 Mayas Paga 1 of 25
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Calibration Laboratory of

G Schweizerischer Knlibrierdienst
Sehmid & Pariner [ Strvice susse dewlonnags
Engineering AG 5 Bervizio swizzere di taraturs
Zeisghaussiresss 43, B4 Zurich, Bwitmarisnd Swisy Calibraticn Servica
Accredited by the Swiss Accrecriaton Senvoe (345 accreditation Me_!  SCS 0108
The Swiss Accrediation Servcs is ona of the signatories to the EA
Muhilateral Ag Ter thes recognision of calibration certficatss
Glossary:
TSL Heswe simulating lgud
NORMuyz gangilivily in lise space
ConvF sansilivity &1 TSL { NORMx,y.z
DoP dieda comipression paint
CF crast factor [ Vduty_eycle) of the RF signal
ABCD madulation dependent Bnearization paramaters
Palartzation o ip rotation around probe axis
Polarization % 4 rotation around an axis that is in the plane normal o prode aos (at meaasurament canar),
i.a.. & =0 18 normal to probe &xis
Connector Angle information used In DASY eyslem io align prebe sansor X 10 the robol cocedinste system

Calibration is Performed According to the Following Standards:
a} |ECHEEE B2208-1528, “Measwrement Procedure For The Assessmant OF Spacific Absorpdion Rate Of Hurman
Exposure To Radio Frequency Fields From Hand-Held And Sody-Wom Wirslass Communization Deviess -
Part 1528: Hurnan Models. Instrementation And Prosedures (Frequency Range of 4 MHZ o 10 GHa)', Ostober
2020
b} KDE 565464, “5AR Measwrsment Reguirements for 100 MH2 1o § GHz”

Methods Applied and Interpretation of Parameters:

+  NORMzyp 2 Assessed for E-fiald poarization 8 = 0 (f < 900 MHz in TEM-cedl: f > 1800 MHz: 22 waveguida)
NORM 2 are only intsrmadiale values, Le., the uncertainties of NORMz,y,2 does not afiect the E7feld
uncerainty inside TEL (see below CanvF)

*  NORM{Ax. y.z = NORMy 2 * frequency. response {see Freguancy Response Chan), This inesrzation is
implemented in DASY4 software versions lader than 4.2, The unceneinty of the frequency response & included
i the slated uncertainly of CanwF.

*  DCPry 2 DCP ara numergal lingarization parameters assessed based on the data of power sweep with CW
signal [no uncerainty required), DCP does not depend on frequency nor media,

+  FAR PAR is the Peak to Average Ratio Mal is nat calibrabed but defermined basad on the signal
characherishics

*  Anys Beyz Crpz Depr VRxyo A B G, 0 are numencal Enesrizalion parameters assessed based on
ther data of power sweep for spacific madulation signal. The parameters & nol depand on fraquency ner
meadia, VI is e masimum caliration range expressed in BMS voltaga across the diode.

+  ConwF and Boundary Effect Parameters: Assessed in fls phemom using E-fiald {or Temparsture Transher
Standard for [ < B00 MHz) and inside waveqguide vsing analytica! fiald distributions based on power
maasurements for = 800 MHz. The sama sefupa are used for assessment of the parsmeters apphied for
boundary compensatien (alpha, depth) of which iypical uncertainty vaiues are givan, These parametens am
uzed in DASY4 software 1o improve probe accuracy close bo 1he boyndary, The sansitivity in T5L corresponds
to NMORMy.y, 2 * ConvF wheraby the uncerainty comasgonds ta thal given for ConvF, A frequency dependent
CoryF is used in DASY version 4.4 and highar which allows extanging the validity from & 50 MHz to £ 100
MHz.

+  Spherical isotropy (30 dawation from soropy); 0 a fleld of fow gradients realized using & fiat phaatom
exposed by @ patch antanna.

*  Sensor Offzel The sensor offset corasponds o the olfeet of virtual measuramant center from the probe B
(on proba axis), Ne lolerance required

+  Connecfor Angle: The angis s assesaed using the infarmatan gainad by determining the NOSMy [no
unisRrainty regquined).

Camtificate Ma: EX3-3044 May22 Fage 2 of 25
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EXIO4 = SM:3084 My 17, 2022
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Basic Calibration Parameters

Sansor X Sensar T : Eansor Une (k=Z}
o [VIm 0.54 061 0.41 £10.1%
DCF (my" 39.5 W02 04,4 —

Calibration Resuits for Modulation Response

Ui Commaunication System Hame Y B G [] VR Max | Wax
dB | dEg dB i dav, Unce
; . (k=2}
a oW 0oc | oo | 100 00 | 710 [ 225% | 247 %
R T | 1082 |
i 000 | Dop 1.0 169,1
10252 | Putie Waneioom (200, 10%) 9000 | 9F44 | 2373 | 1000 | 600 | =20% | 20E%
Adgh 000 [ B9 | 363 [
g7 | TH4E | 1656 B0 |
1035 | Puka Wavatorm (200Hz, 200%) | 2000 | 3387 | 2924 [ B@3 | BO0 | 2TE% | £9.6%
ARA ¥ | 3000 | 0165 | 2086 |
T 10,00 | 8900 | B0
10358 | Pubse Wavalorm (200Hz, 405 b _ 51 | 358 *12% | 29E%
AAA 000 | B466 | 2908

10355 | Pulsa Waveltrm (200Hz, 60%) 000 | 10233 | 2237 | 2E2 £11% | £96% |

Pt e e ] | o | ol | | o |
E
'y
o
i
on
(]

A 100 | 100.08 | 3z |

e W00 | W 630 |
10387 | CPSK Wavalorm, 1 MHz 168 | 6621 514 | 100 | 150 L2E% | 296%
ARA 178 [ BEAS ["9540 [ -150.0

—l 156 | BERT | 9433 |  [Tveng .
T0G8E- [ OPSH Wavalorn. 10 MHz 227 | #aaz g8y [ oo0 | 1500 | 208% [ £06% |
ABA I | 235 | eabo | 1616 1500
LI —— " Z | 200 | BE74 | 1501 1500
06 | BA-GAM Wavtlom, 100 kHz M | 308 | 7O7E | 1684 | 307 | 1500 | c00% | £06%
A | ¥ | 3537 7786 | Jo8% 150.0
Z | 733 [ 6725 | 1A 1500

0| EALCIAM Wavelomm, 40 Wiz | 3ER | BYIT | 4586 | 000 | 1500 | t16% | £96%
BAA ¥ | 5&G | 6738 | 1585 EETE
| N - £ | 331 [ e65s [ 7855 | 1500
[10414 [ WLAN CCOF, 64-0aN, d0MiHz E 481 | %572 | 1559 | 000 | 1500 | £35% | £9E%
| Ak 488 | 6560 | 1549 150.0
| | Z | 468 | 6590 | 1ica BTN

Note: For details on LD parameters see Azpendix

The reported uncerainty of measurement ie stated as the standarnd uncartainty of measurement

musitiplied by the cow factor k=2, which for a normal distribution corresponds (o & coverage
prabability of approximately 95%,

* T unceraines of Nosm X.¥ .2 do nol ottert W Bl uncartainly insido TSL (S6ae Prages & 8 and 71
" Mumerical lin L L SF ]

E s ¥ N
;ummmrunuwmmmummummr o apoiEng | and 15 i o e souane of P
iy
Carficate Mo: EX3-304d May22 Page 3.0f 25
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EXADN- SH 3044 May 17, 2082

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944
.Een-snr Model Parameters

c1 [-H] a T1 T2. | T3 T4 TS L]
F _IF V- msN? | maNT | me e il
% 48,3 36058 | 3563 14,60 0.41 508 .85 0.38 101
¥ GB2 | 41858 | 3544 ZBTE o2 | 60 1.51 0.33 101
z 358 | epanz | 3404 781 043 | 603 050 | 026 101
Other Probe Parameters
| Sensor Arangemen Triarguiar
| Cennector Angle () 178.3
| Mechanical Burface Deteclion Mode = enabied |
| Optical Surface Detection Made disabied
[ Probe Owerall Lengih 357 mm |
Prote Body Dismeter 10 mim
T Lengih - Fmm |
(T Diametar 25 mm
Probe Tip to Sensar X Cahbrabon Peint 1mm |
[ Probe Tip be Sensar ¥ Caloration Pent Tmm
[Prebe Tip to Sansar 2 Calibration Pain Tmm
Recemmended Measurement Distance from Suriace = Tamm

Note; Measurament distance from surlacs can be increased (0 44 mm for an Aras Scan ob

Cobificate Mo: EX3-3044_May22 Page 4 af 25
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EXADN 4= Sh-354 My 1T, 2022

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

Calibration Parameter Determined in Head Tissue Simulating Media

Falative Conductivity = Dagth = Une |
f{MHz)® | Permittivity® | (Sim)" ConvF X | ConvF ¥ | ConwFZ | Alpha® | (mm) {k=2)
= B5.0 075 | 1833 1238 16.38 0.00 100 | +433%
TE 418 0.88 10.53 10.53 53 | D49 | 08B0 | 1120%
|__B50 41.5 | o082 10.17 1017 1017 | 0.33 102 | +120%
00 415 | ngr 0.1 1001 | 1003 .31 103 | t1zo0%
1750 401 137 8.58 458 8.53 0.29 086 | +120% |
1900 400 | 14D B4z | B84z a4z 0.34 a8 | £120%
| 2450 |2 | 180 747 :E Tar 787 033 | 08¢ | $120%
260 39.0 1.96 7.75 TS | TS 023 | 08¢ | +120%
3500 7.8 291 686 | BOR 696 0.35 | 130 | #140% |
3700 377 312 | 881 6.91 891 .35 . 130 | 2140%
5200 8.0 466 s22 | 62z | 522 | oap | 180 | sia0% |
S0 353 476 | 512 512 §12. | 040 180 £14.0%
| S500 | 355 488 | 400 460 4.9 040 180 | #440%
5500 355 5.07 .84 4.84 404 0.40 180 | #14.0% |
5800 35.3 527 461 481 | 48 040 180 | +140%

© Frinishney caboicy o 100 MHz ol « 100 M2 only 3008 For DASY 4.8 and highes [sos Face 31 eise it & ressaned - S0 . The
UNCRANTy & 17 MISE of tha ConsF ureeadanly 3l cabbration fi il e e for ol bk frequency batd Feacusnoy vakdi
besfiow 300 MHZ 1 1 10, 25 40, 50 and 70 MHr for ConE assessments & 30, 54, 720, 150 and B30 WiHr sespectively. Yalality of Corr assessed a1
B0 40 MHz, ond ComE assessed at 13 Wi - 19 MHz Abown S GHE frdquincy valicily can b eeiessad 105 150 MH

AL Trequancis up o 6 GHE mmtyeﬂmmmmqummmlu:1mdlwmmmmuamm
mexsured SAR vakes lwmuﬂﬂﬂ&ﬁwwmwrummmpmmwm

“ AiphalDegeh i dedenmined curing calbrmten. SPEAG wamants Sak ihe smaises devalion due o e beu v it aher oo -

HwAyE 2GS than = 0% for aquencies Delow 5 G2 and Balow & 296 for EnTpances bateeen 16 Gz &t any Gistance beger San hal this prokes Lo
diameter from tha bourdary

Corificate No: EX3-3044_May@2 Page 5 of 28
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EXIDN— SH-3044 My 17, 2022

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

Calibration Parameter Determined in Body Tissue Simulating Media

fiMber) = N?nmr' cm@::}u:uy ConvE X | ComvFY | ComFa | Alpha ® |L m}u 5?:;1
|70 555 096 10.81 10681 | 1081 | 044 | 084 | s120%
850 552 0.99 10.26 1028 | 1028 | o4t | oao | £120%
00 50 1.05 1041 | 10.11 w11 | 037 | o088 | x120%
1750 5314 149 BaT .47 247 037 | 088 | s120%
| 1800 | 533 1.52 B.23 8.23 8z | pas 0.86 +12.0 %
2450 52.7 1.85 B2z | B2 822 | 020 | 080 | #120%
| 2800 | 525 218 TBE | 786 708 16 .50 £ 120%
3500 B13 331 642 _' .42 G4z | D40 | 170 | +140%
AT 510 355 633 6.33 833 040 | 170 | $140%
5200 480 £.30 454 464 484 080 | 180 | £140%
5300 485 542 450 4.50 450 | 080 | 180 | s140%
5500 485 565 410 | 410 4.10 050 | 190 | st40%
5800 485 577 THETEET | 050 | 180 | s#140%
SO0 a8 .00 412 412 412 050 | 190 | =140%

= Frecuency valdity abee 300 Mz of & 100 MHT only appses fof DASY w4 and higrer isee Page 21, #ise o is mesinciod b + 50 MHz. The
urecatiaunty & Ihe F55 of the Com Lnsertanty at calbation fequancy @ Ihe urcertanty for the noiated Fecuency band. Frquecy wikshy
Deiga 300 WL & £ 10, 25, £0 50 and 70 MAE for Con assessmencs 81 30 64, 128, 150 and 220 MHZ repectively Wakity of ComF asaessad m
5 iz B 4-5 MHE and CorwF asseseer al 13 MHZ i 519 MHZ Abtee § GHZ faganiy vabdey con be exiendsd 0 £ 110 MHz

* AL equencies up 50 B GHz, 1 validily of basue pammess. i and o) can be relamd 10 = 109 # lguid compensation forrda & S 10
mesuted SAR vaies. The uncerainly & e RSE of the Comf undananty for ndicaled Gargel lnsas patametens,

° Akt are detemine durrg ceiteaton. SPEAS warrants thal the remaning deviason dus o 1 bundary eftec ainr comgensstion &

iyl ek than + 1% for regquanciies bakew § Gz and Delow & 2% 101 Tiequencies between 3-8 GHE @l any datance lager than hal! s probe g
MUMNM|HHT.

Cerificate No: EX3-3044_May22 Pags &af 25
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EXID - SM;3544 My 17, 2022

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

Calibration Parameter Determined in Head Tissue Simulating Media

Rulatve Conductivity Capth® Ung
TiMHz}= | Parenitthity! | {Sim)" CarvE X | ConvF ¥ | ConvFZ | Afpha® | {mm) (k=3
650D 4.5 | &0 | ss0 550 5.50 0.20 25 | +186% |

# Frequency valldty & 8.5 GHE & 2000 MG MHz and = 700 M- of oF abowe 7 0HE Th angerimnty I5 e BSS of the ComeF unceitasy o
cabbration raquancy ard T Gndetslivty [0 il indcaled Irequenoy barnd.

" A Trequecdiss §-10 GHz, the vy of s paramelars {r and o} sin be relased o £ 10% o Rousd compersalion fermuts s applhed 1o measared
SAR valted, The uredanty i the RES ol fe CoreF uossraingy Tor indiceied imet Sssue paramalees

| AdphiaDigets A dadermined duning calbrolion. SPEAS wamseis Wal the re—ainng o 1 JLe 0 e y et afer o -3
aways leas than 2 1% Fir eequencies below 3 GHz, beioe = 554 for requancies between 3-8 GHE: and Selow = 45 for frecosnces between 4. 80
GHZ 2t gy Sistancs (e Fan hall the proe 1o diamee e e boundany

Cortificate Mo: EX3.3044_ Mey22 Page 7ol 25
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EXID04— 5 044

May 17, 2082
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
E
14
e 134
F
§ 12|
E b
£ 19
§ | i g
§_ 0 - 2 * T .
-
bl
s
= 8
g
by
0.6
BE—l—t—i | | L 3 ! SRELE T 1 |
(i} 500 100 1500 2000 2500 S000
fIMHz]
L]
o S

Uncertainty of Frequency Response of E-field: £ §.3% (k=2)

Carlificale No: EX3.38944_May22

Page 8 of 25
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Test report no.: 1-4774/22-01-11-A e CeteCO m

EXIDNE= BN 3044 May 17, 2022

Receiving Pattern (¢), 8 = 0°

=600 MHz TEM f=1800 MHz R22
k 3 ]
. 2 ; " I'-'.- i J
L] L] (] L] Z L] L]
Tad X ¥ Z Tt L] ¥

B (4]

n-:\-i_l--t g 5 3 [ i e b iy, T S R o S R

=l
059

-850 KL &0 qQ 5 100 ]
Roi{']

3 3
"‘-1-_'.1!-': ﬂ."'f".ﬁ‘-‘*: 1!£'di-u I'SET.\:I-Iz

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

Cerificabe Mo: EX3-3044_Mayds Page 8ol 25

Page 11 of 32




Test report no.: 1-4774/22-01-11-A

cetecom

advanced

EXEDN 4= SN 3044

Ingut Signal [u'v]

1

Errar ffl]
=2

Ceificate Na: EX3-3044_May23

Dynamic Range f{(SARnead)

(TEM cell , faww= 1800 MHz)

14+ {lc gl 105

SAR fmiicm 3|
* | -

L] l.':.nﬂn-dln'.',-al.ed o

L e L
10 -t Ll 10 i+ 10
SAR [Wiem3]
* |

il sxenpensated com e

Uncertainty of Linearity Assessment; & 0.6% (k=2}

Page 10 of 25

May 17, 2038
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Test report no.: 1-4774/22-01-11-A @ CeteCO m

EXIDNE— SN 3044 Mer 17, 2022

Conversion Factor Assessment

=850 MHZWWGELS RO (H_comF ) Fw 1900 MHz WGLE R22 (H_comF)

Deviation from Isotropy in Liquid
Error {§, 3), f =300 MHz

Davtalian

-t0 48 OB D4 0F OO0

B2 04 o9& D4 10
Uncertainty of Spherical Isotropy Assessment: £ 2.8% (k=2}

Cartificate Mo: EX3-3944_Mayd2 Paga 11 ol 25
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3  Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of i e,

o =

A

Schmid & Partner E
Engineering 4G %

43, BODS Zurich, Switkarlamd

5 Schweizerischer Kalibrierdie s
C Service suisse détal

ay
S guiss Caibration Sesvies

Ascredasd try S Swes Accrediaban Seroce (58S Accrediation Ho: SCS 0108
Thia Swins Aseradilation Servicn ia one of the signatones to the EA
Muliilateral Agresmin For the recegnition of calibration certificates

This cabbration cerfficale documents ihe iraceabiity io national standards. which realizg The physical units of maal s [S1)

The measurements and the uncertainties with confidence probabliity ane given on the folireing pages and ane part of ha cerfoain.

| Al ealibrainns have been candusled in e dosed Bbomton facity. ervimnment lsmpembore (22 1 3)°C and homidity < .

Calbration Equipmenl used {METE crijcal for calibration)

Primary Stancards I Cai Date (Certficate No.) Soneduled Sakbration
Power mater HRP SN 104778 C-Age 33 (Mo, 2170352 500504) Ap-23

Pruss sensor KRP.291 SM: 10%284 DA 23 (Mo 21T-03524) Ape-23

Poswar sensar NRP-Z91 SN 103245 C4-Apr-z2 Mo, 217-03525} Apr-23

Rielenence F0 08 Ahereaton SN B=ER04 (208 Cd-Apr-32 (Mo 2170357} Apr23

Type-N msmalch combinalion SREANIREE 5 BEIZET  O4-Apra22 (Mo, 217-03528) Bpe23

Feference Probe EXa0v4 M T 31Dc-21 (Mo, EX3-7348_Dec2t) Dec-22

| DAE4 B B0 02 -Mry-22 (Mo DAEL-BDT - May22) Mary-23

Secondary Slandards oe Chack Datw (i heusa) Soheduen Chick
Powar makar E44198 SM: GRXIS12475 0-et-14 (i house dheck Oel-20) In hiuse chisck: D22
Power parsor HP B4E1A SN LEB3TIGTES DF-Orcl- 15 (i oot chscdk Oct-20) In house chedk: Oe-22
Power sersor HP B481A Bh MY 41063315 07-0d=15 (i Peousss chweck, Ocl-20) In house chede Oct22
AF generatar RAS SMTL05 EH: 100972 F5-Jur-15 fin house check Oct-200) In bouse cheds: Ot-22
Meswork Analyzer Agilenl EBISEA | SN: US4108047T T1-ar-14 {in house chack Do-20) In Pouhe chisck. Oet-22

Caaihraséel By

Approved by

| This caliaration corificate shall net be eprocuced ercopt in hul wihout witlon appreeal of Ihe laboratory
Carfificate Mo D24500E-T10_Mayi2 Paga 1ol 8
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s
Calibfaﬁan Laboratory of F M.—-___ 5 Schwsizerischer Kalibrisrsienst
chmeihﬁanr; e [ Service suisse Gétalonnage

i ng e Sl Servizio sazzera di taratura
Zuisghausstriies 43, 8004 Furich, Switzesiand % :,ﬂ;',-ﬁ‘}‘;’ S swies Caibration Servica
Acorndiiad by he Swiss Arcrediaton Serdca {S85) Accreditation Mo, SCS 0108

The Swiss Accreditation Servics is one of the signabories s ihe EA
Bhultitateral Agreement for the recogriticn of calibration carlifBemasg

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) IEC/IEEE 62203-1528, "Measurement Procadura For The Assesamant OF Specific
Abzomplion Rata OF Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Modals, Instrumentation
And Procedures (Fraquency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865864, "SAR Measurement Raquirements for 100 MHz to 6 GHz"

Additional Documentation:
¢} DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

+«  Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

»  Raturn Loss: This parameter is measured with the source positioned under the liquid filed
phantomn {as described in the maasurement condition clausa). The Return Loss ansures low
reflected power. Mo uncertainty required.

+«  SAR measured: SAR measured at the stated antenna inpul powear.

*  SAR normalized: SAR as measurad, normalized to an input power of 1 W at the antenna
connechor.

+« SAR for nominal TSL paramelers: The measured TSL parameters are used to calculate the
nominal 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 comesponds to a coverage
probability of approximately 95%.

Cortificats Mo DEAS0V2T10_May22 Pege 261 B
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Measurement Conditions
DASY systern configuration, as far as not given on page
DASY Version DASYE2 VE2. 0.4
Extrapodation Advancied Extrapolation
Phartam hodular Flat Phantom
Distance Dipole Genter - TEL 10 mm with Spacer
Zopom Scan Resolution dx, dy, dz =5 mm
Fraquency 2450 MHz £ 1 MHz
Head TSL parameters
The: folkowing parameters and calculations wene apoliad.
Teampaerature Parmittivity Conductivity
Mominal Head TEL paremeters 2204 o 180 mhaim
| Maasured Head TSL parameters (220203)°C JBILE%R 1.85mhadm £ 6 %
| T s ey ,..]._ e T 4
SAR result with Head TSL
5AR avaraged over 1 cm® (1 g) of Head TSL Conditon
5AR maasurad 250 m\W input power 132 Wikg

SAR for nominal Hees TSL parameters

normalized o 1W ]

51.8 Wikg £ 17.0 % [k=2)

SAR averaged over 10 cm® (10 g) of Hoad TSL candifldn |
SAR measLined 250 W input poser .08 Wikg
SAR for naminal Head TEL paramebins nommalized to 1W 241 Wikg £ 16.5 % (k=2)
Body TSL parameters
The loliowing paramebers and ealculalions wene apglied,
Temperature Permittivity Conductivity
Hominal Body TSL pararmeters 220°C 527 1.95 mhaim
Measured Body TSL parameters (220+02)°C 5156 2,02 mhodm 2 5%
Body TSL ternperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm?® {1 g) of Body TSL Condition
SAR measured 250 MW input pow er 12.7 Wikg
SAR for nomenal Body TSL parameters nommatized o 1W 49.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL candition
HAR measunad 250 i input power 5.95 Wikg
SAR for nominal Body TEL parameters nawmalized o TW 3.5 Wikg # 16.5 % (k=2)

Certificase Wa: DI4SOVI-TI0_Maya2

Page 3 of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

[ Impedance. transtormed to feed pomnt EPAGI+ATD

| Relurmn Lose - 26.9 dB

Antenna Parameters with Body TSL

Impadance, transformad to feed polin 4830« 4310
Return Loss ~2F1dBE

General Antenna Parameters and Design

| Elecirical Delay (one dinaction) | 1.158 ns

ARer long term use with 1000 radised power, only a slight warmsg of the $pole near the feedpoint can be measurad

The dpole is made of standard semingid coaxal cable, The certer condwctor of the leedng ina & directly connecied to the
secord anm aof the dipals, Tha antenna is tharafore shart-cincuited for DC-gignats. On soma of tha dipoles. emall end caps
are added to the dipole ams in crder to improve matching when loaded accarding 1o the position as explaimed in the
“Meagurement Conditions” paragraph, The SAR dala ar not affectad by this change. The ovarall dipole length is stid
aechrding o the Standacd

Mo axcesaive toroe must be appiad 1o ha dipole arms, because thay might bend or the soldered conneclions near the
Taadpoint may be oemagad

Additional EUT Data

Manufaciured by SPEAG |

Cartificats Mo: D24S0V2-T10_May22 Papa £ of 3
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DASYS Validation Report for Head TSL
Drate: 11.05.2022
Test Laboratory: SPEAG, Furich. Switrerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D24530%2 - SN:T10
Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: = 2450 MHz o = 185 Sfm: o, =38.2; p= 1000 ]-;g.-m-"
Phantom section: Flat Section
Measurement Standard: DASYS (IEEETEC/ANST Co3.19-2011)
DASY 52 Configuration:
+  Probe: EX3DVE - SNT349; ConwF(7.96, 7,96, 7.96) @ 24530 MH2; Calibrared: 31.12.2021
+  Sensor-Burface: 1.4mm {Mechanical Surface Detection)
o Electromes: DAES Sntd1; Calibrated; (2,05, 2032
s Phamtom: Flat Phuntom 5.0 {fronty; Type: QD O00 P30 AA; Scrial: 1001

«  DASYS2 5210401535 SEMOCAD X 14.6.14(7501)

Diipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sean (Tx7x7WCuabe 0:
Meazurcment grid; dx=>5mm, dy=5mm, dz~5mm

Reference Value = 116.1 Vim; Power Dnfl = 0.02 dB

Peak SAR {extrapolated) = 26.3 Wkg

SAR(L )= 13.2 Wik SAR{10 g) = 6.00 Wikg

Smallest distance: from peaks (o all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M| = 50%

Maximum value of AR {measured) = 218 Wiks

+-1.60
-r.20
-10.80

~14.40

-18.00

0 dB = 21.8 Wikg = 13.38 dBW/kg

Carlificate Mo D2450V2-T10_May22 Page5cfB
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Impedance Measurement Plot for Head TSL

Fie Wew Chanel Sweep Calbratin Trace Toals Blarker Sustem Window Help

Ch 8 Bag s 20
AL Samie 2 25000 GHE —

Tl |
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i1 41
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bem —
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pr=o0a

pah | Cdsass
I-"-C!\'. TR T —
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Certificata Mo: D24S0VETI0_May2? Fage 5 of &
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DASYS Validation Report for Body TSL

Date: 11.05.2022
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipele 2450 MHz; Type: D2430Y2; Serial; D2450V2 - SN-T10

Communication System: LD O - CW; Frequency: 2450 MHz

Medium parameters used: 1= 2450 MHz: o = 2,02 8'm; g, = 51.5; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEEAEC/ANS] C63.19-201 1)

DASY 52 Configuration:
»  Probe: EX30VA - ENT349; ConvF(8.12, .12, 8.12) @& 2450 MHz; Calibrated: 31.12.202]
+  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+  Electronics: DAES Sn60; Calibrated: 02.05.2022
+  Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Serial: 1002
»  DASYSD 52 10.4{1535); SEMCAD X 14,6, 14(7501)

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

Reference Vilue = 1058 ¥/m; Power Dhift = -0.06 dB&

Peak SAR (extrapolated) = 24,0 Wikg

SAR( g) = 12.7 Wike: SAR(10 p) = 5.95 Wikg

Smallest distance from peaks to all points 3 dB below = 8.9 mm

Retio of SAR at M2 to SAR ol M1 = 54.1%

Maximum value of SAR (measured) = 2000 Wikg

-1.60
-1.20
-10.80

~14.40

“18.00

0dR = 200 Wike = 13.00 dBW kg

Coartificate Mo: D2AS0VE-T10_May22 Page 7 of 8
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Impedance Measurement Plot for Bady TSL
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4  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Sehmid & Partner

Engineering AG
Zoughsussirasss 43, 8004 Zurich, Switresiand

Gphwweiperischer Kalibnerdienst
Sarvies suisse o etalonnadgs
Sarvizio sviznro di taraturs
Fwisa Calibration Servich

Recrrechted by 1he Swiss Accredhation Senae (SA5) Accreditstion Ma.: SCS 0108
The Swiss Accradiiation Service it ore of the Signatories o the B4
Multtifateral Ag it Bor the gnition of ealibration certificabes

ciienn TG advanced GmbH Certificase tio:  DAEI-4TT_May22
(CALIBRATION CERTIFICATE

Oyt DAES - 5D 000 D03 AM - SN: 477

Calwalion procecurn|s) QA GAL-DB.NE0
Calibration procedure for the data acouisition electronics {DAE) |

Caliration dans May 16, 2022

This cwfitirabion coithcabe docurneds the Bmcaabifty b natonal sandan, which realize the physcal unis of reasuremenls 1511
Tha moasunsmerss acd e Unosraintions with comidencs probabiity s given on the folowing pages. and are part of tho cerificabe

Al einrations hava baon conducied i o dosed aboraion oty ervinnment lepamiura (22 = 31°C an oty < T,

Caloration Equipment used (MATE értical for calforation)

Primary Standards e | 0¥ Coarl Dot [Coertifiite ho ) Seheduied Gaibration
Withiay Mutimates Typo 2007 | 2 OB19278 31-Aug-21 (Moo 1 EE] fuag-2d
Secondary Slandards i in Check Dale (i howseh Behechiénd Chac
Al DAE Calibration Lk | SE UWS 857 A& 1001 Pd-lan-22 (in houso check) In house chedk: Jan-23
Caafibranes Box W21 | BE LIS D08 Ak 1002 2d-Jane22 (in houss chegk) Im hiouse checs: Jar-23
=] Fumchion Sgnatune
| Gabbraned by: Agrian Gahring Labersiony Technician /J Q/

W Ldnes

Imsuod: May 16, 2022

Approved by, Swen Kikn Tachnical Manager

mﬂyelm cariticale shall rof ba eprdhided sxtapt in Wl without weitien approval o 1he samioey

Certificate BMa: DAEI-47T_May22 Page 1 af 5
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5 Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”
Schmid & Partner Engineering AG
gineering S p e a g
Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, httpiffwwaw. speag.com
Certificate of Conformity / First Article Inspection
Item SAM Twin Phantom V4.0 and V5.0
Type No QD 000 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 ) Regquirement B 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 . liguids. ** 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.

*  TheIT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of

the other documents.

ww

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] |EEE 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] 1EC 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.

speag
Date 25.07.2011 SchT’(itzﬁfmne' gineering AG

Ze "EE.SSE%SD%IWHQE
Signature / Stamp 7 ; ..ﬁ.‘ffﬂgaq mm??“

DocNo 881-QDO00P40C-H

Page 11}
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Schmid & Partner Engineering AG
: S p e a g
Zeughausstrasse 43, 8004 Zurich, Switzerland
Fhone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http:/fwww.speag.com
Certificate of Conformity / First Article Inspection
Item SAM Twin Phantom V8.0
Type No QD 000 P41 A
Series No TP-1912 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 o 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.

*  TheIT'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] KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

[2] |EEE 1528-2013, “Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

[3] IEC 62208-1 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)", February 2005

[4] 1EC 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)", March 2010

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 g

Schmid & Pariner Enginee<ng AG
Zeughausstrasse 43, B004 Zurich, Switzerland
Phone +41 44 245 3700, Fax +41 44 2459779
info@speag.com, Mitpfiwww.soeag com

Date 10.06.2015

Signature / SMMW

DocNo 881-QDO00P41A-A

Page 1(1)
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6

Certificate of “ELI Phantom V8.0"

Schmid & Partner Engineering AG S _E (-] Q q

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

Certificate of Conformity / First Article Inspection

Item Oval Flat Phantom ELI v8.0
Type No QD OVA 004 A
Series No 2048 and higher
Manufacturer Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests
Complete tests were made on the prototype units QD OVA 001 A, pre-series units QD OVA 001 B as
well as on some series units QD OVA 001 B, QD OVA 003 A and QD OVA 004A.

Test Requir t Details Units tested
Shape Internal dimensions, depth and | Bottom elliptical 600 x 400 Prototypes
sagging are compatible with mm, Depth 190 mm,
standards dimension compliant with [1]
forf= 375 MHz
Material thickness | Bottom: dimension compliant with all
2.0mm +/- 0.2mm [3] for f > BOO MHz
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 Material
parameters loss tangent < 0.05, atf<6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquids . liguids. ** Material
sample
Sagging Sagging of the flat section in within tolerance for filling Prototypes,
tolerance when filled with height up to 155 mm samples
tissue simulating liquid.

-k

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

[2] |EEE 1528-2013, "Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

[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 fo 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)", February 2005

[4] IEC 62208-2 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)", March 2010

Conformity

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

§ p e a g
Date 10.06.2016 ) o
id & Partner Engineering AG
/ Bughausstrasse 43, 8004 Zurich, Switzerland
Signature / Stamp ONe +41 44 245 9700, Fax +41 44 245 9779

info@speag.com, Mipivaww.speag.com

DocNo 881-QDOVAODD4A-A Page 1(1)
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7  Application Note System Performance Check

7.1 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.

7.2 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:

« 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.

7.3 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
« Liquid 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 IEC/IEEE 62209-1528 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 | y2 o

uncertainty Value Distribution (19) | (10g) | = %, (19) |+ %, (10Q) | v
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%|]+ 66% o0
Axial isotropy + 4.7 % | Rectangular | 3 1 1 [+ 27%|+x 2.7% 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 + 47 % | Rectangular | ' 3 1 1 [+ 27%|+ 2.7% o0
System detection limits + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%|+ 0.3% o0
Response time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | 3 1 1 [+ 00%|+ 0.0% o0
RF ambient conditions + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Probe positioner + 0.8 % | Rectangular | 3 1 1 [+ 05%|+ 05% o0
Probe positioning + 6.7 % | Rectangular | V'3 1 1 |+ 39%|+ 39%]| =
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+x 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 | V3 1 1 [+ 12%|+ 12% o0
Input power & SAR drift + 3.4 % | Rectangular | 3 1 1 [+ 20%|+ 2.0% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%|+ 2.3% o0
SAR correction + 1.9 % [ Rectangular | V3 1 [084]+ 11%|+ 09% o0
Liquid conductivity (meas.) + 50 % Normal 110781071+ 39%|x 3.6% o0
Liquid permittivity (meas.) + 5.0 % Normal 1]1026]026|+ 13%|+ 13% o0
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 |078]071[+ 08%|+ 07% o0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 023026+ 00%|+ 00% o0
Combined Uncertainty + 10.7 % |+ 106 % | 330
2LLUEY ST £ 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| ¢ | ¢ | Standard Uncertainty | 2oy

uncertainty Value Distribution (1g) | (10g)| =%, (19) |+ %, (10Qg)| V¢
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%|+ 66% o0
Axial isotropy + 47 % | Rectangular | V3 1 1 [£ 27%|x 27% o0
Hemispherical isotropy + 96 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular [ v 3 1 1 [+ 06%|x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 [+ 27%|x 27 % o0
System detection limits + 10 % | Rectangular [ v 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%|+x 03%[ «
Response time + 0.0 % | Rectangular | V3 1 1 [+ 00%|]x 0.0% o0
Integration time + 0.0 % | Rectangular [ v 3 1 1 [+ 00%|]x 0.0% o0
RF Ambient Noise + 1.0 % | Rectangular | V3 1 1 [+ 06%|]x 06% o0
RF Ambient Reflections + 10 % | Rectangular [ V3 1 1 |+ 06%|+x 0.6% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 [+ 00%|x 0.0% o0
Probe positioning + 0.8 % | Rectangular \ 3 1 1 |+ 05%|x 05% 0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 [+ 00%|]x 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 9% | Rectangular [ V3 1 1 [+ 32%|x 32% o0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular [ v 3 1 1 [+ 12%|x 12% o0
Input power & SAR drift + 34 % | Rectangular [ V3 1 1 [+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 | 1 1 |+ 23%|+ 23%]
SAR correction + 19 % Normal 1 1 10841+ 19%|+ 16% o0
Liquid conductivity (meas.)°* + 25 % Normal 1107810711+ 20%|+ 18%|
Liquid permittivity (meas.)°"X + 25 % Normal 110231026+ 06%|+ 0.7% 0
Temp. unc, - Conductivity® + 34 % |Rectangular | V3 [ 0780711+ 15%|+ 14%]|
Temp. unc. - Permittivity®® + 04 % |Rectangular | V3 [023(026|+ 01%|+ 01%|
Combined Uncertainty t 95%|+ 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;
PAKif 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 Uncertainty P_rob_abil_ity Divisor— ¢_| Standard Uncertainty
Value Distribution (19) | (10g) | % %, (1g) |i %, (109)
Measurement System Errors
CF Probe Calibration Repeat. + 131 % Normal 2 1 1 + 93% [+ 93 %
CFEdrift  |Probe Calibration Drift + 1.7 %/ Rectangular [ V3 1 1 + 10%([+x 1.0%
LIN Probe linearity + 4.7 % /| Rectangular | ¥ 3 0 0 + 00% |+ 0.0%
BBS Broadband Signal + 0.0 %/ Rectangular [ V3 0 0 + 00% [+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %] Rectangular | V 3 0 0 [+ 00%|+x 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 + 00% |+ 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 + 0L0% [+ 0.0%
JAVR Probe Positioning + 05 % Normal 1 1029|029 ]|+ 01%|+x 01%
DAT Data Processing + 00 % Normal 1 1 1 + 00% |+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meas.)®¥ + 25 % Normal 1 078 071 |+ 20% |+ 18%
LIQ(To) |Conductivity (temp.)® + 34 %|Rectangular [ V3 [078] 071 |+ 15% [+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | ¥ 3 0 0 + 00% |+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%|+ 00%
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% ([ 20%
Correction to the SAR results
C(g, ) |Deviation to Target + 19 % Normal 1 1 084 |+ 19% |+ 16%
u(ASAR) |Combined Uncertainty + 108 % [+ 10.7 %
U Expanded Uncertainty +21.7 % |+ 21.5%

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;

DAKif SPEAG’s high precision dielectric probe kit (DAK) is applied.
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7.4 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 [:Att3 1 } @

- Att2 L
® ——(ew) (e

&) —=
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:

e 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.

* 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.

e 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.
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* 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.

« 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.

7.5 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.g. 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.

7.6 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.

e 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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