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2 Calibration report “Probe EX3DV4” —

Calibration Laboratory of PR

Schmid & Partner PR

Engineering AG w i

Zen ¥ ) ’///"?\\‘
haussrasse 43, 8004 Zurich, Switzariand

SERE

Accradnad by the Swiss Accreditanion Service {SAS)
msmumms-mummnemmwmu

SN: 7635

| Kaiid
Service suisse d"#alonnage
Sarvizio svizzero di taratura
Swiss Calbration Service

S
c
S

Accredmation No.- SCS 0108

Multilaterat Ag of calibration certdicates
Client u:rcm GmbH J Certiticate No [ EX-7635_Jan23 j
| CALIBRATION CERTIFICATE 2
e — e —————— |
Otject EX3DV4 - SN:7635 l
Calibrasion peocedure]s) QA CAL-01.v10, QA CAL-12x10, QA CAL-14.47, QA CAL-23
QA CAI.-zS vB . i
Caliorasian das January 18, 2023
This canficaly do the tr. ¥ to nasenal siandards, which realize the physical units of wents {1}
The massuvements and tha uncetaintios with cmnaance probabiity are ghvee an the lolowing pcqoe and are part of 1he Gavlificate.

Calbration Equipmant used (METE oritical 1or casbeation)

Al caitrgions have barn congucied in the Closed laboratar v facity: @mviroernent temperature (22 = 3)°C ang humigity < 70%.

[Prmary Standards e = | Cal Dara [Certifcate No.j Schediied Caibration
[ Power metor NP | SR 104778 04G22 (o, 217-00505 04574 Res =
[ Power ansar NAP-Z91 SN ToG2ee 04-Agr-Z2 {No. 217.06524) Ape-23
| OCP DAK-3.8 (wolghiea) | SK: 1249 20-001-22 {OCP DAK3 5-1240_0023) Ocr23
OCP DAK12 SN 1076 20-0c1-22 (OCP-DAKTZ-1015_0ci22) 023
_Roforence 2008 Attevaror | su 002552 (204 04-Ape-22 (No, 217-035871 Ape-23
ORES 10-0ct-22 (No. AR 860_06i22) Oaa
| Relererce Prove ESa0v2 | sn :ma [ 05-Jan-23 (No. ES33013_Jan2d) 24
[ Seconcaty Stancargs | 1D Check Date {n house) Scheduled Check —l
Power melor EA3198 | SN GB41290874 05-Ape-18 (in house checs Jun-22) In house chozk: Jovad |
Powar seesor E42124 SN: M21298087 06-Ape-18 (in house chock Jun-22) | inhoues check: un2d |
Powir 36030l E4412A. SN 500110210 | D5-Aar18 (in hcuse cf %) in Houss Check: Jun-24
RE gercrator HP BO40C | SN: USIBAZUGTTO0 | D4-Avg 86 (n house chick Jun-22] ¥ house chock; Ju-26
[ Netwark Analyzer ES358A | SN: US41080477 3TMar-14in hecse chock OGH-22) | 1 houk chck: OGI2A
Name Funclion Signanse
Catibratod by Joarns Lieshay Laboratory Technician j‘&'ﬁ :
Approved by Suen Kihin Tochrical Manager ; Vi e
Issied: danuary 20, 2023
This calbesion cortitcale shall not be reproduced axcept In full wahous writton appeoval of the faboeatary.

Cartificate No: EX-7635_Janz3 Page 1 of 22
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Test report no.: 1-1910/21-01-17 Cegg\%g)cqg

Calibration Laboratory of Sy S s vischer Kallbrierdh
SN Service sulsse d'étalonnage

Schmid & Partner % C  geriio avicrs o rwbin

Engineering AG P S Swiss Callbration Service

Zovghaussirasse 43, 3004 Zurich, Switzariand R

Accredied oy the Swiss Acceditation Senvice (SAS) Accreditation No.: SCS 0108

Glossary

TSL tissuo simulating liguid

NORMxy,z sensitivity in free space

ConvF sensitivity in TSL 7 NORMy,y.z

ocP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABC D modulation capendent linearzation paramelers

Polarization ¢ 4 ro1ation around probe axis

Palarization & arolaﬂonaromdmaxismwsmmphnennrmdmmmralmeammmomcame(].te..8-cis
normal to probe axis

Connector Angle  information used in DASY system 1o align probe senser X 1o the robot coordinate syslem

Calibration is Performed According to the Following Standards:

a) IECNEEE 822091526, "Measurement Procedure For The Assessment OF Specific Absorption Rate Of Human Exposurs
To Radio Frequancy Fieids From Hand-Held And Body-Warn Wireiass Communication Devices — Part 1528 Human
Medels. Instrumentation And Proceduras (Frequency Sange of 4 MHz 10 10GHz2)", Cctober 2020,

b) KDB 855664, "SAR Measurement Requirements for 100 MHz to 6 GH2'

Methods Applied and Interpretation of Parameters:

« NORMx.y.2: Assessed lor E-4aid polarization @ =0 (f = 900MHz in TEM-cell; f > 1800MHz; R22 wavegude) NORMxyz
ara oniy intarmediate vaes, 8., the uncertainties of NORMx vz does not atfect the E7-field unceranty miside TSL (see
below ConvF).

« NORM(Dx. 5.z = NORMx, 7.2 * frequency response (5ee Frequency Rasponse Chart). This lineasization is implamented in
DASY4 software versions later than 4.2. The uncertainty of the Irequency response is ncluded in the stated uncartanty of
CaonvF

+ DCPxy.z: DCP are rumerical inearzation parameters assessad basad on the data of power sweep with CW signal, OCP
do2s not depend on frequency nor media.

*+ PAR: PAR is tha Paak 10 Average Rabo that is not calibeated but determined based on the signal charactarsiics

* Axyz: Bxyz: Cxyz; Dxyz: VAxyz: A B, C. D are rumarical Inearization parameters assessed based on the data of
power swaep for specific modulation signal. The parameters do net depend on frequency noe media. VR is the madmum
caliteittion range expreszad in AMS woltage across the dode.

+ ConviF and Boundary Effect Parameters: Assessed n fial phantom using E-fiekd (or Temperature Transfer Standard for
1= 800MHz) and inskie waveguide uing analytical field chstributions based on power measurements foe (> BJOMHZ. The
same setups are used for assessment of the parametens applied for boundary compensation (alpha, depth) of which typical
uncactainty vaues are given. These parameters are used in DASY4 software 1o improve prebe accuracy ciose 1o the
boundary. The sensitivity in TSL comesponds to NORMx y.z * ConvF whereby the Lncerinly cormasponads 10 that given for
ConvF. A lrequency depandent ConvF is used in DASY varsian 4.4 and higher which alows extending the vaiidity from
250 MHZ 10 =100 MMz,

+ Sphancal isatropy (3D deviation from isstropy): In a Held of low gradients repized using a al phantam axposed by a palch
antenna,

* Sensor Offsetl: The sansor offset coresponds to the offset of virtual measurement ceater fram the probe 1ip (on probe axis),
No tolerance required,

* Connectar Angfe: The angle & assessed using the information gained by determining the NORMx (no uncenginty raquired).

Cortificate No. EX-7835_Janz3 Page 2 of 22
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Test report no.: 1-1910/21-01-17 Cegg\%gcgg

EX30V4 - SN.7635 January 18, 2023
Parameters of Probe: EX3DV4 - SN:7635
Basic Calibration Parameters
| ' SensorX | Sensory Sensor Z Une (k =2)
Norm (aVi(vim)% A 0.75 0.82 0.65 | £10.1%
0CP (mv) B 105.0 | 104.0 104.0 , £4.7%
Calibration Results for Modulation Response
UID | Communication Sysiem Name A B [ 6 VR | Max | Wax |
| 48  dBpV 48 | mV | dev. Unct
k=2
0 oW X] 000000 | 100 | 000 | 1526 | 22.4% | 247%
[ Y| 0.00 G600 | 1.00 1418
o Z]1 000 600 | 100 @E|
10352 Puise Wawetorm (200Fz, 10%) X| 146 | €0.37 | 6.04 | 1000 | 800 | =36% | 29.6%
Y| 12 TAGE | 11.00 | 600 |
FZ|7i88 | &4z | & 600 .
| 10353 | Puiss Wavelorm (200Hz, 20%) X| 083] 6000 | 476 | 699 | 800 | +29% | 206%
Y000 | 7200 | 900 800
‘ ) 211000 | 7200 | 9.0 | 800 |
10354 | Puise Wavelorm (200HiZ. 40%) X| 6007|6600 | 800 398 | 650 | 329% | s66% |
Y| 052 | 8060 | 54 950
Z) 001 | 12200 | 044 | 850 L—
10355 | Puise Wavelorm (200Fi7, 80%) X1 980 | 187, 1444 22271200 | 21.7% | £06%
Y7235 | 13508 | 1406 | 1200
21958 | 15840 | 182 BEEN
10387 | QPSK Wavslarm, 1MHzZ X[ 051 s247 | 1124 | 1.00 | 1500 | 42% | £9.6%
¥ 052 6380 | 1258 150.0 |
Z] 046 | 6232 | 1106 1500 | o
16388 Wavekorm, 10 44Kz X7 125 | 6478 [ 7318 | 0.00 1500 | £1.0% | +96%
Y TE 8610 | 14027 150.0
- 2T 6% | q285| e |
70356 | 54-CAM Wavelor, 100FHz X| 174 | a9z | 1506 | 401 | 1800 | S10% | 198%
VI 1 6456 | 1589 i,-._'1317'6‘.
7 78| 6541 | 628 1500
16398 | 54-0AM Veavelorm, 40 MFz X| 276 | 6578 | 1473 | 0.00 | 150.0 | =2.4% | 206%
Y| 278 | 15, 5 |
o Z] 27278601 | 1478 150.0 |
10414 | WLAN CCDF, 64-0AM, 49\Hz X| 3857 8833 1537 | 0.00 | 150.0 | =4.0%  29.6% |
Y| 387 8652 | 1548 150, ‘
7156 ®e0 T 1498 | 1500 | _A‘
Note: For details on UID parameters see Appendix
The regorted uncartainty of measuremant s staled as the standard uncartainty of measurement multipled by the coverage
facior k=2, which for a narmal distribution coresponds to a coverage probability of approximagely 95%.
& The uncortaiemes of Noom X ¥.2 30 nat affoct the S2-fiskd uroeriainty isiow TSL isms Pagos 5 and 8,
By parametnr 7 Y00 masirus s Sedd srengh.
E Uncestainty is detomsneg sing fng mas. \rom eer

0 rettanguin Sk Bution a0 15 CHINRSSRT Ko I euars of the 1050 vados,

Certitcate No. EX-7835_Jan23 Page 3 of 22
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Test report no.: 1-1910/21-01-17 Cegg\%g)cqg

EX3DV4 - SN.7835 January 18, 2023

Parameters of Probe: EX3DV4 - SN:7635

Sensor Model Parameters
¢l | cz - T BB+ T3 T4 T 16
tF 0 msV? | mev! ms (- @s y!
X 104 | 7341 3343 452 | 0.0 4.90 0.59 0.00 1.00
y | 8z 6546 | 3248 583 | ono 450 0.50 0.0 100
z 86 6218 | 3378 341 0.0 494 0.58 0.00 1.00
Other Probe Parameters
Sensor Arrangemant - Triangular
| Cannector Angle a7
Machanical Surface Detsction Mode enablod |
Optical Surface Dotection Mode dsabied
Probe Overal Lenglh 337mm
Probe Body Crameter . 10mm
Tp Length 9mm
Tip Diameter i 25mm |
Probe Tg to Sensor X Calbralion Paint 1mm
Probe T to Sensor ¥ Calbralion Point o 1 mm
Probe Tip to Sensor Z Calioeation Point T |
A ded Meast 1t Distance from Suriace | vamm]

Note: Maivsumin! distance fom surface cin b neassed 10 3-4mm ko at Ao Seam job

Certdicate No: EX-7635_/an23 Page 4 of 22
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Test report no.: 1-1910/21-01-17 Cegg\%g)cqg

EX30V4 - SN-7635 January 18, 2023

Parameters of Probe: EX3DV4 - SN:7635
Calibration Parameter Determined in Head Tissue Simulating Media

| f(MHZ | Relative | Conductivity' | ComFX | ComvFY | ComFZ | Alpha | Depth® | Unc
Permittivity” (S/m) | (mm) (k=2)

13 550 Q.75 17.01 1701 17.01 000 | 128 +13.3%
450 435 087 11.60 1160 | 1160 016 1.30 +13.3%
600 427 o8e 10.75 1075 | 1075 0.10 125 | +133%
750 413 088 10.69 1028 | 1045 0.39 127 | +120%
850 “5 092 10.23 1004 | 10.28 0.8 127 | #120%
200 415 0.97 9.84 98t | 997 | 038 127 | +120%
1450 405 1.20 878 852 @ 868 0.40 127 | 412.0%
1640 402 1.31 8.7 855 a7 040 | 127 | s120%
1750 401 137 883 860 | 903 | 025 127 | s120%
1500 40.0 1.40 87 8.55 879 | o028 127 | 112.0%
2150 397 153 858 8.36 861 | 028 127 12.00%
2450 392 1.80 772 753 777 | o028 127 | a120%
2600 39.0 1.96 818 7.5 821 | 029 127 | 2120%

crmmmmmaummmwumsvu.cwwhr(mavncutnmowz&ommmwm;-m-
RES ol e Comt ity ut Y and the urceriainty for the indicated frequency band Fraquency vty Selow J00 MHZ I £10, 25,
40, 50 and 70 MHz for Comf assessments o1 30, 64, 123, 160 and 220 MRz resgactvaly Vaddty of Conve nasessed at 6MHz & 4-3 MMz, and ComwF
wuuwn—vsmmsommmmumnunmow.
mmnmmkgimmwwﬂsummbewawumnsxbanhmmmbuvwmam
4 e v ko TSL with deviations of up e £ 10% I TEL with deviarons fram the et of less ham 26% tee used The calibeation uncerainties ame 11 1%
e 0.7 -3GHz and 13.1% Y0 3 . £ GHL

% AphaDepth anm determined during SPEAG #al the remaining devistion e 1o e Boundiry €7t #flee conpensation is Bways lass
mn\hrwmawwmx%hvwmuwtnwmwnuwmmwmmn
boundary.

Certificate No: EX-7635_Jan23 Page 5 of 22
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Test report no.: 1-1910/21-01-17 Cegg\%%)creg

EX30V4 - SN:7835 January 18, 2023

Parameters of Probe: EX3DV4 - SN:7635
Calibration Parameter Determined in Body Tissue Simulating Media

1 (MH2)© Relative | Conductivity” | ConvF X | ConvF Y | GomFZ | Alpha® Depth® | Une
Permittivity” (sim). = (mm) (k=2)
450 56.7 0.94 11.67 11.67 167 on 1.20 £13.3%
800 81 | 09 1106 | 108 | 1106 0.10 135 | =133%

c I'roquency vakdity soove J00MHzZ of =100 MH: anly apobos kor DASY w44 and higher (zae Page 2), ehie @ i trsticted 10 £ 50 MHZ The uncectmnty i tha
RssaMWummaxubawhmmnWymmmdhwum Fraquency valdly Do 300 MMz & 310, 25
40, 50 o9 70 MMz for ConvF assessemens al 30, 64, 128, 150 3 220 MMz respocively, Viidity of ComvF assesaen ok BAM: i 4-8MMZ, and CanE
ossessad 31 13 MHZ s 8-13MMz. Abowe 5 GHZ Fegquency vty can De aovnded 1o 110 Mz
‘mmmmwmmmm;maa;mmnbrwuammmn A5% Irom 10 trget valuos (ypcaby Beser fhan 43%)
270 are vk bor TSL with Savialices of up 10 £10%. 1 TSL with dowasors rom the fargnt of 1055 than 1 5% A sesd. the calorstion WGHAnINE 0 11 1%
Re07-JGHz and 13.1% fr 3 - 6 GHe

8 Aprey Depth am colerminnd durng calbron SPEAG marint $al the remaining cevialion 0us 19 the bouncary gHoct Jer congeriaion i thasys ass
than gmwwmawwmmslavmmmuwumyouuusm-ronmnmmwwo-wm
boundary.

Certificate No: EX-7635_san23 Sage 6 ol 22

Page 8 of 63




Test report no.: 1-1910/21-01-17

cetecom

advanced

EX30V4 - 8N.7825

Frequency Response of E-Field
(TEM-Call:ifi110 EXX. Waveguide:R22)

0g

Frequancy fesponse (normaized)

08}

0.7

08

05

Janruary 18, 2023

G 200 400 600 800 1600 1200 1400 1600 1800 2000 2200 2400 2600

Certiicate No; EX-7635_Jan29

1MHz]

* TEM + R2z

Uncertainty of Freguency Respansa of E-%aki: £6.3% (k-2)

Page 7 af 22
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Test report no.: 1-1910/21-01-17 advanced

EX30DV4 - SN:7535 January 18, 2023
Receiving Pattern (¢), #=0°
!-GOOMHz TEM, 7 1-1800 MHz, R22. 0°
0"
/.,/" 3 ?“:\\ —- X“
13% 18 . ONAE | ey
B g '
q e v - Tot
Ll s .
/ - A ; ‘ f e 8 %l -\‘.
.‘. (7 XL shatear )
180° : S Sy ...&!:L:.‘L CA_‘L{ " 180" | + s a o ’_.3‘4..‘2.94.2&.,',&_' o
\ | il t VLTI I DR > e S S
L ) { _ oy \ ‘ G
\ )\ b » o o 4 ,', \ 3 & - g /

|

0.5
g |
E L e b s Bl oL D PR |
%
05/
0 0 120 T T 240 00 360
Roll ']
< 100 MKz « 600 MHz 1800 MHz - 2500 MH:z
Uncertainty of Axial Isotropy Assassment: 0.5% (x=2)
Centifcate No: EX-7635_Janz3 Page 8 of 22 .
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January 18, 2023

EX30DV4 - SN:T635
Dynamic Range f{SARpeaq)
(TEM cell, Ty = 1900 MMz}
10% e i
10% ) )
g o
g 104 ”
@
-]
g
|
21
10
102 10" 100 10! 10°
SAR [mWiem3}
= not compensated + compansated
2 -
1
g
E ¢ B -
S -
-1 ‘ > -
10°% 10" 10° 10! 10%
SAR [mWiem?}
+ not compansated = compensated
Unoertainty of Lingarty Assessment: +06% (kw2
Cortiticate No: EX-7635_Jan23 ;"ag;c 9ot 22
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EX30V4 - SN:7635

0g
06
n4
02|

-0.2
-0.4|
-08
-0.8

Deviation

Gertificate No- EX-7635_Jan23

Conversion Factor Assessment

[=1900 MHz, WGLS R22 (H_convF)

25 \
‘..
: 20 '
= b
] '
PN
5" \
G0 N
5 .
c. ——ee e — d
] 10 20 30 40
2 [mm]
= enaiytical « measured

Deviation from Isotropy in Liquid

Error (p.8), 1 = 900 MMz

2]
50

K TH
= =

= Y [dog)
136

e i
W 22 35
X [deq) R

08 -06 -04 -02 0 02 0é 06 08 1
Uncartainty of Spherical Isolrogy Assessment: =2 6% (ke2)

Page 10 0t 22
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Calibration report “450 MHz System validation dipole
Calibration Laboratory of \‘\\{_‘;“/,'/", o i Kauti
Schmid & Partner M Service sulsse détalonnage
Engineering AG Tk Servizio svizzero di taratura
Zaughaussirasse 43, 8004 Zurich, Switzerland AN Swiss Calibration Service
IR E
ACCratias by the Swiss Accreditation Senvce (S4S) Accraditation No: SCS 0108
The Swiss Accreditstion Service is one of the signatorios 10 the EA
Multilateral Agreement for the recognition of calibration cartificates
Cliert  CTC advanced GmbH Certificate No. D450V3-1060_May23
Saarbricken, Germany
' Otject D450V3 - SN:1060
| Catbeaion procedurels) QA CAL-15v10
\ Calibration Procedure for SAR Validation Sources below 700 MHz
| Calioration date: May 08, 2023
This cakb 1 candicate he traceabiity to national stancards, which reakze the phy units of wonts (Si)
™e vants s the inlies with conl 0 are gwen on the following pages and ans pad of tha canficals,
A have boen N e dosed WoaRIcry facilly senarocmment temperature (22 = 31 C and humidity < 70%
| CaRteation Equipeent used (MATE cntic for calibraticn)
Primary Standads |1 s Cal Daks {Certiicate No) ‘Scheduled Calibratk
Powee mater NRF2 SN 104778 30-Mar23 (No. 217-03804/03805) Mag-24
Power sansor NRP- 291 SN 10244 A0-Mar23 (Mo, 217.06804) Mae 24
Power sansor NRP-Z91 SN 103245 F0-Mar-23 (No. 217-03805) Mar24
Refarence 20 o8 Altenuator SN BHI39S (20k) 30-Mar-23 (No. 217-03609) Man24
Type-N msmalch combnation SN:310982/ 06327 30-Mar-23 (No, 217-03810) Mar-24
Redererce Probe EXIDVe SN: 3877 05Jan-23 (No. EX3-3877 S @3} Jan-24
DAE4 SN: 854 27-Jan-23 (No. DAE4-654 Jan23) Jarv24
Secondary Sandands {iD# Check Date (n house) Scradussd Chack
Pawer meter NRP2 SN: 107158 08-Nav-21 (in house chack Des-22) In house chick: Deac-24
Power steaoe NAP-Z261 SN: 100522 15-D0c-08 (n howse check Dec-22) In house check Dec-24
Power seraor NRF-291 SN 100418 O1-Jar-04 (in heuse check Dec-22) In Foese chacke Dec-24
RF genarator HP 85480 SN USIBAZUNIT00  D4-Aug-8 (n house check Jun2?) 1n howse chach: Jun-24
Network Analyzar Aglant EBI58A | SN: US4 1080477 I1-Mar-14 {in house dhock Oct-22) In Ponise chack. Cct-24
Narne Furction Sl
Calibrated by Michac! Victer Laboratory Technician %
Approved by: Sven Kihn Techrical Manager C —
- A
B
B5060. May 9, 2023
This Al shall rot be reproduced axcept in ful withcut weiman appoonal of the laboratory
Centificate No: D450V3-1080_May23 Page 1018
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Calibration Laboratory of s scher Kalibe
Schmid & Partner Service suisse d dtalonnage

Engineering AG Servizio swvizzere di taratura
Zoughaussirasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredted by the Swiss Accreditalion Service (SAS) Accreditstion No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 10 the EA
Mustiiateral Agr for the recognition ot centificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A net applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EC/NEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865664, "SAR Measurement Requirements 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 certificate. 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.

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retum Loss ensures low
reflected power. No uncentainty required,

* SAR measured: SAR measured at the stated antenna input power.
.

SAR normalized: SAR as measured, normalized to an input pewer 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 measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D450V3-1060_May23 Page2ot8
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Test report no.: 1-1910/21-01-17 cetecom

advanced
Measurement Conditions
DASY system conficuration, as far as not given on page 1
DASY Version DASYS2 V52 104
Extrapolation Advanced Extrapolation
Phantom ELi4 Flat Phantom Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy,dz « 5mm
Frequency 450 MMz 2 1 MHz
Head TSL parameters
The following parameters and calcufaticns were apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 435 0.B7 mho/m
Measured Head TSL parameters (220+£02)°C 424 26% 0.88 mho/m = 6 %
Head TSL temperature change during test <05°C foond e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 1.14 Wikg
SAHR for nominal Head TSL paramaters normighized to W 4.49 Wikg = 18.1 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL CONCition
SAR measured 250 mW input power 0.753 Whkg
SAR for neminal Head TSL parameters normalized to TW 2.98 W/kg = 17.6 % (k=2)
Body TSL parameters
The following parameters and calculations were appied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 56.7 0 .54 mha/'m
Measured Body TSL parameters (220:0.2)°C 570=6% 0.92 mho'm + 6 %
Body TSL temperature 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 ingput power 1.12 Wikg
SAR for nominal Body TSL parameters normakzed to 1W 4.56 Wikg + 18.1 % (k=2)
SAR averaged over 10 ¢m® (10 g) of Body TSL condition
SAR measured 250 mW input power 0,750 Wrkg
SAR for nominal Body TSL paramaters normaized to 1W 3.05 W/kg = 17.6 % (k=2)
Cartficate No: D450V3-1080_May23 Page 30 8
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advanced

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

Impedance, tranglormed 1o feed point 5660-230

Retum Loss -237 a0
Antenna Parameters with Body TSL

Impedance. transtormed 1o feed point 5726401 [

Ratum Loss ~235dB
General Antenna Parameters and Design

| Etectrical Detay (one drection) [ 1.353 ns |

After long term use with 100W raciated power, only a slight warming of the dipole near the feadpoint can be measured.

The dipole is made of standard semirigid coaxal cable. The center conductor of the Jeeding line is directly connectad 1o the
second arm of the dipole. The anteana is tharefore shont-circuited for DC-signals. On soms of the dipoles, small end caps
are added 1o the dipole ams in order to improve matching when loaded according to the position as explained in the
"Measurament Conditions* paragraph. The SAR data are not affectad by this change. The overall dipole length is still
according 1o the Standard.

No excassive force must be applied to the dipole amms, because they might bend or the soldared connections nessr the
feadpoint may be damaged.

Additional EUT Data

Iiﬁanufaowved by ] SPEAG ]

Certificate No: D450V3-1060_May23 Page 4018
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DASYS5 Validation Report for Head TSL

Date: 08.05,2023
Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 430 MHz: Type: D450V3; Serial: D450V 3 - SN: 1060

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: [ = 450 MHz: o = 0.88 S/m: & = 42.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
s Probe: EX3DVA - SN3877; ConvF(10.64, 10.64, 10.64) @ 450 MHz: Calibrated: 06.01,2023
+ Sensor-Surface: 1.dmm (Mechanical Surface Detection)
¢ Electronics: DAEA Sn654; Calibrated: 27.01.2023
=  Phantom: ELI v6.0r; Type: QDOVAOO3AA; Senial: TP:2034
o DASY3252.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 38,75 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 1.79 Wikg

SAR(1 g) = 1.14 W/kg: SAR(10 g) = 0.753 W/kg

Smallest distance from peaks to all points 3 dB below: Larger than measurement grid (> 15 mm)

Ratio of SAR at M2 10 SAR at M1 = 63.4%

Maximum value of SAR (measured) = 1.55 Wikg

H

205
e
A1
an
A0

0dB = 1.55 Wikg = 1.90 dBW/kg
Cwm:éo: [;450\/3-1060_ May23 PageSof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 08.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz: Type: D450V 3; Serial: D450V3 - SN: 1060
Communication Systerm: UID 0 - CW: Frequency: 450 MHz
Medium parameters used: f =450 MHz; 6 = 0.92 S/m; & = 57, p = 1000 kg/m’

Phantom section; Flat Section
Measurement Standard: DASYS (IEEE/AEC/ANSI C63.19-2011)

DASYS2 Configuration:

« Probe; EX3DV4 - SN3877: ConvF(10.64, 10.64, 10.64) @ 450 MHz; Calibrated: 06.01.2023
* Sensor-Surface: L.4mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn654; Calibrated: 27.01.2023

¢ Phantom: ELI v6.0; Type: QDOVAOD3AA: Serial: TP:2034

o DASYS2 52.10.4(1535): SEMCAD X 14.6.147501)

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

Reference Valve = 41.79 V/m; Power Drift = -0,01 dB

Peak SAR (exurapolated) = 1,70 Wikg

SAR(1 g) = 1.12 W/kg; SAR(10 g) = 0.750 W/kg

Smallest distance from peaks to all peints 3 dB below: Larger than measurement grid (> 15 mm)

Ratio of SAR at M2 to SAR at M1 = 65.5%

Maximum value of SAR (measured) = 1,50 W/kg

560

-2

0dB = 1.50 Wikg = 1.76 dBW/kg

Cenificate No: DAS0V3. 1060 May23 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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4  Calibration report “600 MHz System validation dipole”

Calibration Laboratory of ST, s |scher Kallbrierdk
Schmid & Partner % 2 Service suisse Cétsionnage
Engineering AG z 3 Servizio svizzero di taratura
zm.nngmm«l.uum. Switzerland QZFI\\}* S swiss Calibration Service
Accrecited by the Swiss Acoreditation Servce [SAS) Accreditstion No.: SCS 0108

Tha Swiss Accreditation Service is one of the signatories to the EA

D
e R 2 g A PP

Object

Caibrafion peocedure(s)

Catbeaton dae: ‘May 18, 2022 e T Do e L AT o W S
This cartifcate the bebty 10 nabanal skancards, which reaize the physics! units of (-1

The and the 1 with cook babikty sre gwen on the following pages #0d sre part of the certfcate.
Al cali hava been 3 n he dosed b Yy faciily. e 6 {72 2 3°C e oty < TO%.

Calibraton Equipment used (MATE criteal for calbeation)

Prmary 51 ©8 Gt Date (Cavticat: No) Schetuied

Power meter NRF SN 104778 04-Apr-22 (o, 217-0352503524) Apr-23

Power sensor NRP.291 SN 105244 04-Apr-22 (No. 217-03524) Apr-22

Powar sansor NRP-231 SN 103245 O4Apr22 (No 217-03525) Ape-23

Reference 20 c8 Alterusstor SN CC2552 (20x) 04-Apr22 |No. 217-03527) Apr-23

Type-N mismalch combination SN. 310382 ) 06327 D4-Apr-22 (No. 217-03528) Apr23

Referunce Probe EX3I0V4 SN: sarr 31-Dec-21 (No. EX3.3877_Dec21) Dec-22

DAE4 SN: 654 26-Janr22 (No. DAES.854_Jand2) dan-73

| Secondary Stinderds 0% Chock Dats (1 howase) Sthedued Check
Power meter E44188 SN: GBa1283874 D6-Ag-16 (in house check Jun-20) in house check Jun-22
Power sensor E4492A SN: MY414c8087 06-Agr-16 (in housa check Jun-20) In hovse check. Jun-22
Power sensor E4412A SN: 000110210 06-Age-16 {in house check Jun-20) in house chack: Jun-22
RF generaior HP 8646C SN USISAZU01700 D4-A0-99 (in house chedk Jun-20) In house chack. Jun-22
Network Analyzer Agilent ES8358A | SN: US41080477 31 Mar-14 (in house chack OcL.20) In house check: Oc1-22
‘ Caldrated by.

Aoproed by

| This esleation certificate shab not e faproduced except in It wihcut willen spproval of the 1doratery

Centificate No. DEOOV31015_May22 Page 1016
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Calibration Laboratory of _&-5@':;,_( S Schweinerscher K
Schmid & Partner M G Service suises détalonnage
Engineering AG e Senvizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland s 6ﬁb_>? S suiss Calibeation Service
Accrediled by the Swiss Accreditston Senvce (SA5) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signataries to the EA
Multhateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a} IEC/IEEE 62209-1528. "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Expesure To Radio Frequency Fiekds From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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.

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

¢ Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retumn Loss ensures low
reflected power. 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 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 -rﬁeasurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Centificate No: DEOOV3-1015_May22 Page 2of6
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS52 V52104
Extrapolation Advanced Exirapoiation
Phantom ELI4 Fiat Phantom Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy. dz =5 mm
Frequency 600 MH2 £ 1 MHz
Head TSL parameters
The following parameters and calcuations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C a7 0.88 mhao/im
Measured Hoad TSL parameters {220£02)°C 431:6% 0.92 mho/m £ 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW ingut power 1.63 Wikg
SAR for nominal Head TSL parameters normaiized to 1W 6.31 Wikg £ 18.1 % (k»2)
SAR aversaged over 10 cm® (10 g) of Mead TSL condition
SAR measured 250 mW input power 107 Wikg
SAR for nominal Head TSL parameters normalized to 1W 417 Wikg £ 17.6 % (k=2)
Certificate No: DS00V3I-1015_May22 Page3af 8

Page 23 of 63




. ol cetecom
Test report no.: 1-1910/21-01-17 advanced

Appendix {Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed pont 5690-17 0
Retumn Loss -23.5¢8

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1150 ns |

Alter long termn use with 100W radiated powar, only a sight warming of the dipole near the feedpoint can be measurad,

The dipole Is made of standard semirigid couxial cable, The center conductor of the feeding kne & directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in orger 1o improve matching when loaded according 1o the posilion as explained in the
"Measurement Conditions” paragraph. The SAR ¢21a are not affected by this change. The overall gipole length is still
according to the Standard.

No excessive force must be applled 1o the digole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

| Manutactured by | SPEAG |

Certificate No: DE0OV3-1015_May22 Page 4 of 6
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DASYS5 Validation Report for Head TSL

Date: 18.05.2022

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 600 MHz: Type: D600V 3; Serial: D600OV3 - SN: 1015

Communication System: UID 0 - CW: Frequency: 600 MHz

Medium parameters used: £ = 600 MHz; 6 = 0.92 S/m: & = 43.1; p = 1000 kg/m'
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEE/IEC/ANSI €63.19-2011)

DASY 52 Configuration:

Probe: EX3DV4A - SN3877; ConvE(10.08, 10,08, 10.08) (@ 600 MHz; Calibrated: 31.12.2021
Sensor-Surface: I.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 26.01.2022

Phantom: ELT v4.0: Type: QDOVAOD1BB; Serial: TP: 1003

DASYS52 52.10.4(1535), SEMCAD X 14.6.14(7501)

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

Reterence Value = 50.36 V/m; Power Dnift = -0.03 dB

Peak SAR (extrapolated) = 2.58 Wikg

SAR(1 g) = 1.63 W/kg: SAR(10 g) = 1.07 W/kg

Smallest distance from peaks to all points 3 dB below = 23.3 mm

Ratio of SAR at M2 to SAR at M1 = 63.5%

Maximum value of SAR (measured) ~ 2.22 Wikg

Certificate No: DEOV3-1015_May22 Page 5of6
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Impedance Measurement Plot for Head TSL
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Calibration report “900 MHz System validation dipole”

Calibration Laboratory of SN,
Schmid & Partner g

Engineering AG R
Mm 8004 Zurich, Switzerland "-.:,@g

v

Accrednad By the Swes Accreditabon Sennce (SAS)
The Swiss Accreditation Service is one of the signatones 1o the EA
Multilateral Agreement for the recognition of calibration certificates

;meomarmoﬁaammmutmnmm.mmmwmwummw;
im ad the weth conth babitty ane Gven an the foliowing pages and a%e part of the certificase

| Al calibrations have been conducid in the dased faboratory tackity: er v {22 £ 3)°C and humidity < 70%.

| Caibration Equipmen used (MATE critical for calibeaton)

| Primary Standards [oe Cal Dale (Cartificate No.| Scheduled Calleation |

| Power mater NRP SN: 104778 04-A00-22 (o, 217-0352503524) Apr-Z3

| Bower sersor NRP-25¢ SN 103248 0L-Ap27 [No. 217-03524) Ape-z3

| Power sersor NRP.231 SNl 103245 08 Apr-22 (No. 217-03525) Apez3

| Refecencs 20 4B Asenuator SN:BHOA04 (204)  0&-Apr22 (No. 217.03527) Ape-23

| Type-N mismanch combination | SN: 310082 /06327 04-Apr-22 (No. 217-03528) Ape-23

| Reference Probe EX30VA | SN: Tade 10-080-23 (No. EX3-7349 23} Jan-24

i DAE4 | SN 601 19-Des-22 (No. DAE4-807_Dec22) Duc-23

| Seoodary Sta Do Chack Oate (in heuse) Schedideg Chack
Pawer moter E44195 | 8N: GB39512475 30-Oct-14 in house check Oct-22) 10 house check: Oct-24
Pawer sersor HP 84814 SN: US27292783 07-0ct-15 (n housoe chedk Oc-22) In houss check: Oct-24

;Powm HP B4B1A SN:MYA1083335  07-Oct15 (in house check O1-22) 1 ouss check: Oct.24

| RF generator RES SMT-06 | SN: 100872 15.Jun-15 {in house check Oct-22) 10 0w dveck: Oct-24

| Network Anayzer Agliert E83584 | SN. USA1080477 31-02ar-14 (i house check Oct-22) 10 house chwck: Oct-24

| Cabeatod by

| Approvec by:

l]pschﬁwmmmmummmlumwmmmmmw

Cartificate No: DS00VZ-102_Jan23 Page 10of8

Page 27 of 63




_ cetecom
Test report no.: 1-1910/21-01-17 advanced

Calibration Laboratory of S, Senweizacischur Kalibrierdi

Schmid & Partner % Service suisse d'étalonnags
Engineering AG g Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzertand £ :.f’T".\..\-“? Swiss Calibration Senvice

Accrectod by the Swiss Acoreditalion S (SAS) Accregstion No.: SCS 0108

The Swiss Accrecitation Sesvice is one of the signatcries to the EA

Mustilateral Agr for the gniton of rtifi

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A

not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEC/EEE 62209-1528, *“Measurement Procedure For The Assessment Of Specific

Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528; Human Models, Instrumentation
And Procedures (Freguency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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.
Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensuras low
reflected power. 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 measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%,

Certificate No: D800V2.102_Jan23 Page 2018
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Measurement Conditions
DASY system configuration, a5 far as not on page 1.
DASY Version DASYS2 v52.10.4
Extrapolation Advanced Extrapotason
Phantom Madutar Flat Phaniom
Distance Dipole Center - TSL 16 mm with Spacer
Zoom Scan Resolution dx. dy. dz =5 mm
Frequency 800 MHz £ 1 MHz
Head TSL parameters
The following paramelers and caicuiations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.97 mho/m
Measured Head TSL parameters {220£02)°C 411+6% 0.96 mhoim £ 6 9%
Head TSL temperature change during test <05°C -— e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.69 Wikg
SAR for nominal Head TSL parameters nomalized o 1TW 10.8 Wikg £ 17.0 % {k=2)
SAR averagaed over 10 ca?® {10 g) of Head TSL condilion
SAR measured 250 mW inpul power 1.73Wikg
SAR for nominal Head T5L parameters normalized fo W 6.95 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations wera applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°'C 550 1.05 mha/m
Measured Body TSL parameters {Z20z02°C 542268% 1.05 mhaim +6 %
Body TSL temperature change during test <p5°C - ——
SAR result with Body TSL
VSARWM1M’(19)MBM;TSL Condition
SAR measured 250 mW input power 2.77 Wikg
SAR for nominal Body TSL parameters normalized to 1TW 1.0 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Body TSL cendition
SAR measured 250 mW input power 1.80 Wikg
SAR for nominal Body TSL parameters normalized 1o 1TW 7.18 Wikg £ 16.5 % (k=2)
Certificate No: DSO0V2-102_Jan23 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, lransformad 1o fead point 5240+1.3 02
Return Loss -316d8

Antenna Parameters with Body TSL

Impedance, transformed o feed pont 4680-09j0
Refurn Loss -2944dB

General Antenna Parameters and Design

| Etectical Detay (one directon) | 1383 ns |

After long term use with 100W radiated power, only a sight warming of the dipcle near the fsedpaint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conducter of the feeding line is directly connected 1o the
sacond arm of the dipcle. The anlenna is therefore shortcircuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order 1o improve maiching when loaded according to the position as exglained in the
“Measursment Conditions® paragraph. The SAR data are not affocted by this change. The overall dipole length is stil
according to the Standara.

No excessive force must be applied 10 the dipole arms, because they might band or the soldered conneclions near the
faadpoint may be damaged

Additional EUT Data

Manufactured by SPEAG

Cerlificate No: DS00V2-102_Jan23 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 16.01.2023

Test Laboratory: SPEAG. Zurich, Switzerland

DUT: Dipole 900 MHz; Type: D900V2; Serial: D90OV2 - SN:102

Communication System: UID 0 - CW; Freguency: 900 MHz

Medium parameters used: f= 900 MHz; a = 0.96 Simy: & = 41.1: p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.69. 9.69, 9.69) (@ 835 MHz; Calibrated: 10.01,2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2023

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA:; Senal: 1001

DASYS2 52.10.4¢1535): SEMCAD X 14.6.14(7501)

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

Reference Value = 64.25 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) - 4.05 Wikg

SAR(1 g) = 2.69 Wikg; SAR(10 g) = 1.73 Wike

Smallest distance from peaks to all points 3 dB below = 16 mm

Ratio of SAR at M2 to SAR at M| = 66.2%

Maximum value of SAR (measured) = 3.59 Wikg

dB

-2.00
-4.00
-6.00
-8.00

-10.00

0dB =3.59 Wikg=5.55 dBW/kg

Certificate No: DO00V2-102_Jan23 Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.01.2023
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN:102

Communication System: UID 0 - CW: Frequency: 835 MHz

Medium parameters used: = 835 MHz; 6 = 1.05 S/my; & = 54.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 352 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(9.85, 9.85, 9.85) @ 835 MHz: Calibrated: 10,01.2023
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 4.9 (Back): Type: QD UOR P49 AA; Serial: 1003
o DASYS2 52.10.4(1535): SEMCAD X 14.6.14(7501)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm 2/Zoom Scan (7x8x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 64.75 Vim; Power Dnift = 0.02 dB

Peak SAR (extrapolated) = 4.11 Wikg

SAR(1 g) = 2.77 Wikg: SAR(10 g) = 1.8 Wikg

Smallest distance from peaks to all points 3 dB below = 15 mm

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

Maximum value of SAR (measured) ~ 3.69 Wikg

0dB = 3.69 Wikg - 5.67 dBW/kg

Certificate No: DI00V2-102_Jan23 Page 7af 8
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Impedance Measurement Plot for Body TSL
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Calibration report “1750 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accreditad by the Smizs Acomectiation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Multitateral Agr for the

[CALIBRATION CERTIFICATE
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~——
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gnition of calibration certificates
cient  CTC advanced GmbH

Schweizerischer Kadibrierdhenst
Service suisse d'étalonnage
Servizio svizzero & taraturs
Swiss Calibration Service

Accraditation No.: SCS 0108

Cartificate No: D1750V2-1093_May21

| Dtyact

{

| Calbeation procedire(s)

D1750V2 - SN:1093

QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Caltwalion date: May 14, 2021
Thes cail cerlfcale s the ity 10
The and the

| starwdards, which roakze the physcal unts of measurements (S1)
Wes with contidencs probabiity are given on the loliowng pages and are part of the cortficate,

This caltvation certficate shall not be rep

Al caliteations fve been conduciod i tha dosea | v lacilty: ro 122 + 3)°C and humidiy = 70%.
Calibration Ecuipment usad (MATE crtical for cailbraton)
Prmary Standarcs ) o Cal Dute (Cersficate No.) Scheduled Catbration
Powee meter NRF SN: 104778 09-Ape-21 (No. Z1703201/00292) Apr22
Power sonsor NRP-291 SN: 100244 06-Ape-21 (No. 217.03201) Apr-22
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DAE4 SN: 601 02-Nov-20 (Nc. DAEA-601_Nav2d) Now-21
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Powes sensar HP 54814 SN MY44082317 07-01-15 (i house check Oct-20% In house checi: Oet-22
RF gererator R&S SMT-06 SN: 00872 15.Jun15 (in howse check Oct-20) In house chack Oct-22
Notwork Analyzer Aglent EBISSA | SN. US4 1080477 39-Mar14 {in house check 002-20) In heuse check: Oct-21
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Calibration Laboratory of SN,
Schmid & Partner o

Engineering AG 7 -
zm;:-gmu:ga. 2004 Zurich, Switzariand SN

RUART
Accredind by the Swss Aocredtation Seevice (SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recagnition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

S Schwelzerischer Kalibricrdienst

c Secvice suisse d'étalonnage
Secvizio svizzero di taratura

S swiss Calibration Service

Accreditation No.: SCS 0108

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

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 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30

MHz to 6 GHz)", March 2010

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

Additional Documentation:
) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* 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 criented

paraliel to the body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed poinl. The Return Loss ensures low

reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty required.

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

connector.

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result.

probability of approximately 95%.

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 corresponds to a coverage

Cenificate No. D1750V2-1093_May21 Page2of 8
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Measurement Conditions
DASY system coafiguration, &5 far as not given on page 1.
DASY Version DASYS V52104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm wih Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 1750 MHz + 1 MH2
Head TSL parameters
The following para and calculat were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 401 1.37 mhao'm
Measured Head TSL parameters (22.0+02)°C 2068+6% 1.37 mho'm =6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 927 Wikg
SAR lor nominal Head TSL parameters normalized to 1W 37.2 Wikg £ 17.0 % (k=2)
SAR averaged over 10 om” {10 g) of Head TSL condition
SAR measured 250 mW input power 4.86 Wikg
SAR for nominal Head TSL parameters normalized to 1W 19.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following p s and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.49 mho'm
Measured Body TSL parameters (22002} °C §4126% 149 mha'm + 6 %
Body TSL temperature change during test <05°C - ase
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condttion
SAR measured 250 mW input power 930 Whg
SAR lor nominal Body TSL parameters normalized to 1W 37.3 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 452 Whg
SAR for nominal Body TSL parameters normalized to 1W 19.7 Wikg + 16.5 % (k=2)
Certficate No- D1750V2-1093_May21 Page 30t 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, translormad to feed point 51101150
Retun Loss -38.008

Antenna Parameters with Body TSL

Impedance, franstarmed to feed point 45140-36/
Return Loss -239dB

General Antenna Parameters and Design

[Electrieal Delay (one direction) J 1224 ns 1

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

The dipole is made of standard semirigid coaxial cabla. The center conductor of the feeding line is directty connected 1o the
second am of the dipols. Tha antenna is therefore shor-crouited for DC-signals. On some of the dipoles, small end cape
are added 10 the dipole arms in order 10 improve matching when loaded according to the position as explained in the
*Measurement Conditicns™ paragrapn. The SAR data are not affected Ly this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the tpole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

| Manutactured by | SPEAG |

Cortificate No: D1750V2-1093_May21 Page 4ol 8
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DASYS Validation Report for Head TSL

Date: 14.05.2021

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1093

Communication System: UID 0 - CW: Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz: a = 1.37 $/m; 2, = 40.6; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

.

Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz: Calibrated: 28.12.2020
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.4(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=5Smm, dy=5mm, dz=5Smm

Reference Value = 106.9 V/im; Power Dnift = 0.03 dB

Peak SAR (extrapolated) = 17.3 Wikg

SAR(1 g) = 9.27 W/kg; SAR(10 g) = 4.86 W/kg

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

Ratio of SAR at M2 10 SAR at M1 = 54.2%

Maximum value of SAR {measured) = 14.4 Wikg

-3.00

-9.00

-12.00

-15.00

0dB =144 W/kg = 11.58 dBW/kg

Cendicate No: D1750V2-1093_May21 Page5¢f 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2022-05-18
Impedance; tran'sformed to feed 5110 - 1.1jQ | 5070 + 1.6 jQ
point
Return Loss -36.0 dB -35.1 dB

Page 41 of 63
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DASYS Validation Report for Body TSL

Date: 14.05.2021

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz: Type: D1750V2; Serial: D1750V2 - SN:1093

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz: 6 = 1.49 Sim; ¢, = 54.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.48, 8.48, 8.48) @ 1750 MHz; Calibrated: 28.12.2020
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 02.11.2020

Phantom: Flat Phantom 5.0 {(back): Type: QD 000 P50 AA: Serial: 1002

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 101.3 V/im; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 16.8 Wrkg

SAR(] g) = 9.3 Wikg: SAR(10 g) = 4.92 W/kg

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

Ratio of SAR at M2 10 SAR at M1 = 56,3%

Maximum value of SAR (measured) = 14.1 Wrkg

d8
0

-3.00

-6.00

-12.00

-15.00

0dB = 14.1 Wikg = 11.49 dBW/kg

Cectficate No: D1750V2-1093_May21 Page 7018
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data Measured 2022-05-18
Impedance; tran_sformed to feed 451 O . 360 | 4530 . 390
point
Return Loss -23.9 dB -23.9 dB
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Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of N, e < pp—

Schmid & Partner =0 0 \" g Service suisse d'éalonnage
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzarland ’@“ G5/ S swiss Catibeotion Seevics

A 4 try $ve Swas A Sernca (SAS| Accrediation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration centificates

This caltration certicate the ity 1o which realze the phy units ot (S}
The and the with confy probabiity are gven on the follvatng pages and are part of the cercate.
Al have been cond

n e dosed Bboratony fachity: ermironment lemperature (22 £ 3)°C and humidity < 0%,

Calbeation Equipment used {(MSTE criticad for calibration)

Primary Starcards D# Cai Date (Certficate Nc.) Scheduied C
Power moter NRP SN 104778 D4-Age-72 (No. 217-0352503524) Ape-23
Power sensor NRP-Z91 SN 103284 C4-A0r-22 (NO: 21703524} Ape-23
Powar sensar NRP-231 SN 103245 O4-Apr-22 {No. 217-03525) Ape-23
Reference 20 08 Afteresion SN 80304 (20%) 04-Apr22 (No. 217-03527) Ape-23
Typa-N mismatch combination SN 10082 706327 O4-Apr-22 {No, 217.03528) Ape-23
Reference Probe EX30V4 SN: T340 31-Dec-21 (No. EX3-7348_Dec2) Dac-22

| DAE4 SN 801 02-May-22 (No. DAES-801 May22) May-23
5 v Sta ‘D& Chack Date (in heuse) Schwinc Check
Pawer meter £44138 SN: GB39512475 30-0ct-14 (in house chack Oct-20) In house chesk: Oc-22
Power sersor HP 84814 SN: US37292783 07-0ct-15 (in houser check Oct-20) In house check: Oct-22
Pawer sensor HP B481A SN MY41063315 07-0ct-15 {in house check Oct-20} In house check 022
AF gencrator R&S SMTLS SN: 100972 *5-Jun-15 (in house check Oc-20) In house chack: Oct-22
Neswark Analyzer Agilent ES358A | SK; US<1080477 31-Mar-14 {in house thack 0u-20) In bouse check. OG22

Function

Catibeated by

| This olrabin corbcate shll ot e reprosuced excopt in uf wihcut witen apporal of the laborsoey

Certificate No: D2450V2-710_May22 Page 108
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Calibration Laboratory of S s Ischer Kalibes
Schmid & Partner " Service suisse d'étalonnage
Engineering AG % Servizio svizzero di tarstura
Zoughausstrasse 43, 8004 Zurich, Switzeriand Rl Swiss Calibration Service
AN
Accradiied by 1he Swiss Accrednason Senios (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiatersl Agreement foe the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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.

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

e Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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 measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Centificate No. D2450V2:710_May22 Page 2ol B
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Measurement Conditions
DASY systern configuration, as far as not given on page 1
DASY Version DASY52 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with 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 Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhoim
Measured Head TSL parameters (22.0202)°C 382+6% 1.85 mhaim 2 6 % |
Head TSL temperature change during test <0s°'C = =
SAR resuit with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conditvon
SAR measurad 250 m\WV Input power 132 Wikg
SAR for nominal Heac TSL parameters normalized to 1W 51.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.09 Vikg
SAR for nominal Head TSL parameters nommalized to 1W 24.1 Wkg £ 16.5 % (k=2)

Body TSL parameters
The loliowing parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.96 mbo'm
Measured Body TSL parameters (220:02)°C 515¢6% 202 mhoim 2 6%
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.7 Wikg
SAR for nomenal Body TSL parameters nomalized o 1W 49.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL CONtion
SAR measwed 250 mW input power 5.95 Wikg
SAR for nominal Body TSL parameters narmalized fo TW 23.5Wikg £ 16.5 % (k=2)

Certficate No: D2450V2-710_May22 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impegance. transformed to feed pont S28R+37iQ
Retum Loss <269d8

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4930+43 10
Return Loss -27.1dB

General Antenna Parameters and Design

| Electrical Dslay (one direction) | 1.159 ns [

Aler long term use with 100W radiated power, only a slight warming of the dipcle near the feedpoint can be measured

The dpele is made of standard semirigid coaxial cable, The center conductor of the feeding ina s directly connected to the
second arm of the dipole. The antenna is therafore short-circuited for DC-signals. On some of tha dipoles, emall end caps
are added to the dipole arms in order to improve matching when loaded accarding to the position as explained n the
Measurement Conditions” caragraph. The SAR data are not affected by this change. The avarall dipole length is stdl
according to the Standard.

No axcessive force must be appled 1o the dipole arms, because thay might bend or the soldered connections near the
feadpont may be damagad

Additional EUT Data

[ Manutactured by [ SPEAG |

Certificata No: D2450V2-710_May22 Paga £ 0of8
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DASYS Validation Report for Head TSL

Date: 11.05.2022

Test Laboratory: SPEAG, Zurich. Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710

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

Medium parameters used: f = 2450 MHz o = 1.85 S/m: 2, = 38.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2021
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electromes: DAE4 Sn601; Calibrated:; 02.05.2022

Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7301)

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

Reference Value = 116.1 Vim; Power Dnft = 0.02 dB

Peak SAR {(extrapolated) = 26.3 Wikg

SAR(1 g) = 13.2 Wikg: SAR(10 g) = 6.09 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 50%

Maximum value of SAR {measured) = 21.8 Wikg

1-3.60

-1.20

-10.80

-14.40

-18.00

0dB = 21.8 Wke ~ 13.38 dBW/ke

Certificate No: DZ450VZ-T10_May22 Page 5018
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 11.05.2022
T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710

Medium parameters used: = 2450 MHz: 6 = 2.02 S/my 5, = 51.5; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/IEC/ANS] C63.19-2011)

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

DASY52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(8.12. 8.12, 8.12) @ 2450 MHz: Calibrated: 31.12.2021
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAEA4 Sn60; Calibrated: 02.05.2022
+ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

o DASYS2 52.10.4(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 105.8 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 24.0 Wikg

SAR(I g) = 12.7 Wikg; SAR(10 g) = 5.95 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 54.1%

Maximum value of SAR (measured) = 20.0 Wikg

-3.60
-1.20
-10.80
-14.40

-18.00

0dB = 20,0 Wkg = 13.00 dBW/kg

Certificate No: D2450V2-710_May22 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration certificate of Data Acquisition Unit (DAE) — SN: 413

Calibl:ation Laboratory of \‘:\&_L/"; S Schweizerischer Kalibrierdienst

Schmid & Partner % C Service suisse détalonnage
Engineering AG e Servizic svizzero di taratura

Zoughausstrasss €3, 8004 Zurich, Switzerland RN S swiss Calibestion Service

Actrecited by e Swiss Accrecitation Servics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditstion Service is one of the signatosies 10 the EA

Muitiiateral Agr for the recognition of calibration certificates

Cient ~ CTC advanced GmbH Certificste No: DAE3-413_Jan23
CALIBRATION CERTIFICATE ]
N ———

Copct DAES3 - SD 000 DO3 AA - SN: 413

Caltrntion procedusels) QA CAL-06.v30

Caliration cate January 17, 2023

Catipration Equipment used (METE crbical for cafibralion)

Calibration procedure for the data acquisition electronics (DAE)

This calbrason certficae documents the Yaceabiity o naforal standards, which realze the Pryscal unds of messuremunts |SI)
The measuraments and this uncidarnes with cotdonce prohabitity are given on the Jolowing pages and are pan of tha owtifcale

Al calbeations Pave been conducted In the tiosec laboratary tacilty: environment lomperaturg (22 + 31°C and humsdty < TO%.

Primary Starcas o (_u_o # Cal Diate {Certéicatn No.) Scheduied Caltbrarca
Kaithiery Multimeter Type 2001 SN: 0810273 20-Aug22 (No:34389) Aug23
Secondary Standards [0 Chack Dufe (n house) Schodulod Chack
Auto DAE Calbraticn Unk ’ SE UWS 058 AA 1001 24-Jan-22 (in house check) In house check: Jan-23
Cadibrator Box V2.1 SE UMS 006 AA 1002 2430027 (In houas chiack) In housa check: Jan-23
Nams Function Sigrat.en
Calibrated try. Dominique Stetlen Labomtocy Tachnician Z ii o
Approved by Sven Kihn Technical Manager

This caibration cerificats shall not be reproducod axcept In Tull wahot writien appeoval of the laborazory.

W\ B:Z(vmf

baund January 17, 2023

Cartificate No: DAE3-413_Jan23 Paga 1oi5
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9 Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”

Schmid & Partner Engineering AG s p e a q

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

ok

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
Techniques, December 2003

[38] 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 a
Date 25.07.2011 Schmid & ner Enigineering AG
Zeug@ﬁﬁi;m, sogy%?iwgrlan
Phan) 01 4 L 77¢
Slgnaturel Stamp / ¢ m 32([ <neag.com
DocNo 881-QD000P40C—-H Page 1(1)
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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://www.speag.com

Certificate of Conformity / First Article Inspection

Iltem 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 items

Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 | Material

arameters loss tangent < 0.05, at f s 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 other documents.

**

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

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] IEEE 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 622091 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] 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)", 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.

Date

10.06.2015

Signature / Stam% %’

s p e a g :
Schmid & Partner Enginee’ing AG
Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://www.soeag.com

DocNo 881-QDO000P41A-A

Page 1(1)
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10 Certificate of “ELI Phantom V8.0”

Schmid & Partner Engineering AG

lo
IS
®
)
Q

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

Certificate of Conformity / First Article Inspection

ltem 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 Requirement 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]
for f > 375 MHz
Material thickness | Bottom: dimension compliant with all
2.0mm +/- 0.2mm [3] for f > 800 MHz
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 Material
parameters loss tangent < 0.05, at f< 6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquids . liquids. ** 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.

'

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 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] |EC 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 body-worn SAR measurements and system performance checks as specified in [1 - 4]

and further standards.
S p e a g
Date 10.06.2016 : :
id & Partner Engineering AG
) / ‘éughausstrasse 43, 8004 Zurich, Switzerland
Signature / Stamp one +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp/www.speag.com
DocNo 881-QDOVAOQ04A-A 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:

» 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.

+ 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
* 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 cDASY®6

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 | 2 or

uncertainty Value Distribution (1g) | (10g) | £ %, (1g) |+ %, (10Q) | Vs
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 6.6% o0
Axial isotropy + 4.7 % | Rectangular | V3 1 1 [£ 27%|x 27% 0
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 06% 0
Probe linearity + 47 % | Rectangular [ V3 1 1 |+ 27%[+x 27%]| =
System detection limits + 1.0 % | Rectangular | 3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03% o0
Response time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular | 3 1 1 [+ 06%|+ 06% 0
Probe positioner + 0.8 % | Rectangular [ V3 1 1 |+ 05%[+ 05%] =
Probe positioning + 6.7 % | Rectangular | V3 1 1 [+ 39%|+ 39% 0
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+ 12% 0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 [+ 32%|+ 32% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [£ 12%|+x 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+ 20% 0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%|+ 23% 0
SAR correction + 1.9 % | Rectangular | V3 1 [084]+ 11%[+ 09%]| =
Liquid conductivity (meas.) + 50 % Normal 11078]071|+ 39%|+ 3.6% 0
Liguid permittivity (meas.) + 50 % Normal 11026026 13%|x 13% ©
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 1078|071 [+ 08%|+ 07% 0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]0.23]026[+ 00%|+ 0.0% 0
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) |+ %, (109)| Vex
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 66%[+ 6.6% %0
Axial isotropy + 47 % | Rectangular | V3 1 1 |+ 27%[+ 27%]| =
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 |2 27%|x 27 % o0
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%[+ 06%]| =«
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%|x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 [+ 03%[+ 03% %0
Response time + 0.0 % |Rectangular [ v3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 10 % |Rectangular | v3 | 1 1 |+ 06%|+ 06%]|
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
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 | V3 1 1 |+ 32%|x 32% o0
Dipole Axis to Liguid Dist. + 20 % | Rectangular | V3 1 1 |+ 12%|x 12% o0
Input power & SAR drift + 3.4 % | 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 1 084+ 19%|+x 16% %0
Liquid conductivity (meas.)°X + 25 % Normal 110781071+ 20%|x 1.8% 0
Liquid permittivity (meas.)°X + 25 % Normal 11023]026|+x 06%[+ 0.7% o0
Temp. unc. - Conductivity>" + 34 % |Rectangular | V3 [078[071 [+ 15%[+ 14%]| =
Temp. unc. - Permittivity®® + 0.4 % |Rectangular | V3 |023[026|+ 01%|+ 01%|
Combined Uncertainty t 95%|x 94 %
Expanded Std. Uncertainty + 19.0%|+ 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;
bAKif 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

I Uncertainty | Probability | .. . Ci G Standard Uncertainty
Symbol Error Description S Divisor - -
Value Distribution (19) | (10g) | * %, (1g) |i %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 13.1 % Normal 2 1 1 + 93% |+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %] Rectangular | ¥ 3 1 1 + 10%|x 1.0%
LIN Probe linearity + 4.7 %/ Rectangular [ vV 3 0 0 + 00%|+ 0.0%
BBS Broadband Signal + 0.0 %| Rectangular | ¥ 3 0 0 + 00%|+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %/ Rectangular | vV 3 0 0 + 00%|+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 |+ 00%|+x 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 |+ 00%|x 0.0%
Agys Probe Positioning + 05 % Normal 1 029|029 |+ 01% |+ 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meag,)DAK + 25 % Normal 1 078 071 |+ 20% |+ 18%
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular[ V3 078|071 |+ 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%|x 26%
MOD DUT Modulationm + 0.0 %[ Rectangular | V3 1 1 + 00%|+ 0.0%
TAS Time-average SAR + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%[+ 0.0%
VAL Validation antenna + 3.2 % Normal 1 1 1 + 32%|x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 20%
Correction to the SAR results
C(g, 0) [Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |[Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty + 217 % |+ 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;

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.

+ 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.

+ 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.

* 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.)

» 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.

* 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.

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:

+ 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.

* 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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