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2  Calibration report “Probe EX3DV4”

Calibration Laboratory of

cher Katibriards

Schmid & Partner g Service sulsse d'stalonnage
Engineering AG s Servizio svzzero @ taratura
Zoughaussirasse 43, 8004 Zurich, Switzerdand Swiss Calibration Seevice
by the Swiss A Sacdcn (S45) Accreditasion No.: SCS 0108

The Swiss Accreditation Servica is one of the signatories to the EA
Multilateral Agreement for the recogrition of callbration certificaes

Ths < the traceabiity to natonit sindatds, which maize the units of e (SIL
mmwnummmmummNMmmnmdmm

Al fave boen " the clozed iabaeatory faciily: wivronment legerature (22 = 3)'C and bumicdy < 70%

Caliteason Laupment used (MBTE citical for cantvaton)

Pranry Standards D Cat Date (Conficate No | 3 Cabbralon
Power meter NRP SN: 104778 04-Ape-22 (No. 217-0352503524) Apr2d
Power sensor NRP-Z4 SN: 103244 D-Ape-22 (No._ 21703524) Apr-Z3
Power seomor NRP.ZG1 SN 103248 Od-bpe-22 (No 217-03525) Apr-23
Refarence 20 96 Attewiatoe | SN. CC2552 (20x) D4Ape-22 (NG 217-03527) Apr23
DAES SN: 660 130021 (No DAE4-£60_Oct21) Oct-22

| Reterence Frobe ES30V2 SN 3013 27-Dec-21 {No. £53-3013 Dec21) Oec-22
Secondary Standerds o Check Dale {in houss) Seracubes Check
Fower meter EA4105 SN: GB41293874 OAEr 16 (1 honse check Jun-20) In house ehéck: Jun-22
Poevsr serwor EA412A SN: MY4) aom0a7 05-Apr-16 (0 house check Jun-20) In house check: Jun-22
Power sinsce EA4124% SN 000190210 DSARE-1E (10 howss chick Jun-20) 10 houss chack: Jun-22
B gecarnator HP S5450 | SN: US642001700 04-Aug-06 (i house chack An-205 | In house chesk: Jun-22
Network Asabyzer £RISEA SN UIS41080477 31-Mar-14 (in house chack OL6.20) In house check. Oct 22

Functicn

mmwmmmmum.aumuwmmw«nm.

Certificate No: EX3-3944_ May22 Paga t ol 25
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Calibration Laboratory of SN omy. § s
; S
Schmid & Partner M C  Service susse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughaussirasse 43, 8304 Zurich, Switzariand '-q,;/,;\‘l\;\? Swiss Calibeation Servica
by the Swiss Servce (SAS) accrecitation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agr for the recogr of calibration certificates.
Glossary:
TSL tissue simulating ligud
NORMx,y,z sansitivity in free space
ConvF sansitivity in TSL / NORMx.y.2
DecP dicde compregsion point
CF cragt factor (1/duty_cycle) of the RF signal
AB.CD modulation dependent inearization parameters
Polarization ¢  rotatien around probe axis
Polarization § rotation around an axis that Is in the plane nermal to prode 05 (at measurement cantar),
.8, § =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X 10 the robot cocedinate system

Calibration is Performed According to the Following Standards:
a) |EC/HEEE 62208-1528, "Measurement Procedure For The Assessment Of Spacific Absorption Rate Of Human
Exposure To Radio Frequency Fields From Hand-Held And Body-Wom Wirelass Comynunication Devices -
Part 1528: Human Models. Instrumentation And Procedures (Fraquency Range of 4 MHZ to 10 GHz)', Ostober
2020
b) KDE 865564, "SAR Measurement Reguirements for 100 MH2 to 8 GHz'

Methods Applied and Interpretation of Parameters:

*  NORMxy. 2! Assessed for E-field polarization 3 = 0 (f 5 900 MMz in TEM-cell: f > 1800 MHz: R22 waveguida)
NORMx.y .z are only ntermadiate values, L.e., the uncertainties of NORMx.y,2 does net affect the E7feld
uncerainty inside TSL (see below Canvi).

*  NORM{f)x.y.z = NORMx.y.2 * frequency_response {see Frequency Response Charl). This linearization is
implemented in DASY4 software versions later than 4.2. The uncenainty of the fraquency response & included
in the stated uncertainty of ConvF.

* DCPxy,z: DCP are numerical linearization parameters assessed based on the data of power Sweep with CW
signal {no uncenainty required), DCP does not depend oa frequency nor media.

+ PAR:PAR is the Peak to Avarage Ratio that is not calibrated but determined based an the signal
characleristics

¢ Axyz Bryz Cry.z Dxy.r VRxy,z. A B, C, D are numerical inesrization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters ¢o nol depend on frequancy nor
media, VR is the maximum catbralion range expressed in RMS voltaga acroes the diods.

*  ConvF and Boundary Effsct Parameters: Assessed in flat phantom using E-fiels {or Temperature Transfer
Standard for I < B0C MHz) and Inside waveguide using analytica! fleld distributions based an power
maeasuremants for [ > 800 MHz. The same setupe are used for of the p lers applhed for
boundary compensation (slpha. depth) of which typical uncertainly values are given. These parameters are
uged in DASY4 software to improve probe accuracy close to the boundary, The sansitivity in TSL corresponds
to NORMx.y,2 * ConvF whereby the uncerisinty comesaonds to that given for ConvE, A freguency dependent
ConvF is uged in DASY version 4.4 and higher which allows extending the validity from # 50 MHz to + 100
MHz.

= Spherical isolropy (30 dewation from isolropy): in a field of fow gradients realized using a fist phantom
exposed by a patch antenna.

*  Sensor Offsel; The sensor offset carasponds to the olfset of virtual measurement center from the probe tip
(on probe 3xs), No tolerance required.

« Connector Angle: The angie s assessed using the information gainad by Getermining the NORMY (no
unceriainty required ).

Cantficate No: EX33944_May22 Fage 2 of 25
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EX30V4 - SN:2984 May 17, 2022
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Basic Calibration Parameters

Sensor X Seasor Y Sensor Z Une (k»2)
Norm (VWM PP 0.54 0.61 0.41 +10.1%
OCP (mV}® 995 1002 104.4
Calibration Results for Modulation Response
uiD Communication System Name A c ] VR Max Max
dB8 | dByV dB mV dev, uu:;
W=
4 = X | 1710 | =25% | 247 %
Y 158.2_|
4 1691
10852. | Pulse Wavelorm (200Hz, 10%) X 500 | =29% |296%
AMA v 600 |
) Z 600 |
10353- | Puka Wavatorm (200Hz, 20°%) X | 800 | =216% | 296%
ARA y B0,
Z 80
10354 | Pulse Waveform (200Hz, 40%) X 950 | =12% | 296%
AAA Y L3B0
1z 350 —
10355 | Pulse Wavelorm (200Hz, 80%) X 1200 | +11% [ 296 %
AAA Y 120,
“ 1z 1200 =
10387- | CPSK Wavaform, 1 MHz X | 1500 | 226% | 296%
AM ¥ 1500 ]
= Z 1500 _—
10388 | GPSK Wavelorm. 10 MHz | % | 1500 | =09% | £96%
AAA Y 58.8 1 _".Eo
Z 86 1 S0.0
10396 | 64-0AM Wavelorm, 100 kHz X | 308 | 7078 | 1884 | 301 | 1500 | =09% | £96%
AAA Y 353 | 7286 | 1983 1500
Z 33 | 8725 | 1721 150,
10396 | BA-QAM Wavelorm, 40 MHz x 53 8727 | 1586 | 000 | 150 t18% | £96%
ARA Y 6738 | 1595 1500
2| 334 | 6652 | 1 150,
10414. | WLAN CCDF, 64-QAM, dDANHZ X | 491 | 8572 1559 | 000 | 1500 | =35% | £9.6%
AdA ¥ | 495 | 6569 | 1559 | 1500
Z | 468 | 6530 | 1529 150.

Note: For details on UID parameters see Agpendix

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%.

:hemmamm X.¥.Z 89 nol atect he E7-feX uncartaity inside TSL (see Pages 5.6 and 7)

» P ¥ N1
:limbmn‘dmlmm on $om liemar 9 9 tion and is d for S mquare of e
ity valos.

Cenficate No: £X3-3944_May22 Page 3 of 25
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EXI0VA- SN 3044

May 17, 2022
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
I c1 cz @ T T2 T3 T4 Ts‘ T6

F F V- ms.V* ms.V" ms v V-

X 483 368.58 | 3563 14.80 0.41 5.08 085 0.38 1.0t
Y 1662 | 41858 | 3544 | 28.75 028 5.10 1.51 0.33 701
2 398 284.52 | 3494 783 0.43 5.03 0.50 0.26 1.01
Other Probe Parameters
| Sensor Arrangement Trianguar
| Connector Angle () 178.3
"L‘m&anw Surfaca Detection Mode enabled |
| Optical Surface Detection Mode disabled
[ Probe Overall Longth 357 mm |
. Probe Body Diameter 1C mm
| Tip Length amm
T Oameter 25mm
| Probe Tip to Sensor X Cahbration Point = 1mm
| Probe Tip to Sensor Y Gakoration Pont Tmm
"Probe Tip to Sansor 2 Calibration Point Tmm
Recommended Measurement Distance from Surface T4 mm

Note: Meamemmldlshnooﬁomsuﬂaoecsnbelnccmdto“mmtcranthcanpb

Cedficate No: EX3-3044_May22 Page 4 of 25

Page 6 of 45




Test report no.: 1-4305/22-01-12-A CTC ||| advanced

member of RWTUV group

EXIDV4- SN-3644 May 17, 2022

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® | Unc
f(MHz) | Permittivity” |  (Sim)* ConvEX | ConvFY | ConvFZ | Alpha® | (mm) k=2) |
13 550 078 | 183 | 1830 | 183 |000 | 100 | seazn
750 419 089 | 1083 | 1083 | 1053 | o4s | oso | s120%
850 415 0.92 1047 | 1047 | 1047 | 033 | 10z | #120%
900 415 0.97 001 | 1001 | 1001 | 031 | 103 | +120%
1750 401 | 137 858 | 8% | 858 | 029 | 086 | +120%
1900 0o | 140 842 | 842 | 842 | 034 | 086 | s120%
2450 92 1.80 7.97 107 | 797 | 033 | o090 | s120% |
2600 390 1.96 778 | vrs | 775 | 033 | o0s0 | s120% |
3500 378 291 696 | 696 | 696 | 035 | 130 | s+140% |
3700 377 312 6.91 6.91 891 | 035 | 130 | 2140% |
5200 360 4.66 522 | 522 | 522 | o040 | 140 | s140% |
5300 359 4.76 612 | 512 | 512 | 040 | 180 | s140%
5500 358 4.96 499 | 490 | 499 | 040 | 180 | s140%
5600 355 5.07 494 | 404 | 494 | 040 | 180 | s140%
5800 353 527 481 481 481 | 040 | 180 | s140%

¢ mqmmw«hlwwmmwmsthwnwcmbmnmnummp S0 AL The

unzenalnty & e RSS of the ConvF y At Y e T fraquency banvd Fragmncy vakdiy

befow 300 MHz 18 ¢ 10, 28, 40, mmwum&rWanu 20, \wmmmmw Validity of Carf gsssssed at

OMeuan ond Comd™ assessed at 13 W2 © 919 MMz Above 5 GHZ Trequency vaidity can be exdeniad 1o & 170 Mz
mewsemmmydwmlzmwcmumm:1mﬁlﬂnwfomuhuaouww

MSARM m«mummdwwmwmwmmwm

“ Apha/Dapeh am determined during calbraton, SPEAG Fat the C due 10 1he boundery effect aher

Hways less than = 5% fof lrequancies below 3 GH2 and below + nwmmumumymmmmwmm

bourdary

dameter from the

Certificate No: EX3-3944 May22 Page 501 28
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EX30V4- 5N 3944 May 17. 2022

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

Calibration Parameter Determined in Body Tissue SImuhtlng Media

Relative | Conductivity | & Depth © Une
_'E..J_MJH__.._.@!") ConvF X | ConvFY | ComFZ _ Al (mim) (k=2)
;r_ 750 555 096 1081 | 1061 1081 | 044 | 084 | 2120%
850 55.2 099 10.26 10.26 1026 | 041 080 | $120% |
500 550 1.06 1041 | 1041 | 1011 | 037 | 089 | +120%
1750 534 1.49 8.47 8.47 847 037 | 08 | +120%
1900 533 1.52 823 8.23 823 038 | 088 | +120%
2450 527 1.95 8.22 8.22 822 020 | 080 | $120%
| 2600 525 218 7.96 7.96 796 0.16 0.90 +120%
3500 513 331 642 6.42 842 | 040 | 170 | +140%
3700 510 355 6.33 6.33 633 | 040 | 170 | 2140%
5200 450 5.30 464 4.64 464 0.50 1.90 £ 140%
5300 489 542 450 4.50 450 050 190 | 2140%
5500 486 565 4.10 410 | 410 | 050 | 190 | s140%
5600 485 577 3.98 3.98 398 050 | 180 | +14.0%
5800 482 6.00 4.12 412 412 | 050 1.90 2 140%

’rmm,-nmsoomuauww:m,mlmmswu-muw‘mmmmufemmanmsoun The
uncatanty s the R5S of the Comd Qi a the ur y for the ngicated fequency band Fraquency valisty
below 300 MHz & £ 10, 25, Aosowmmu«w:semuw 64,128, owwzmmxmm Vasty of ConvF assassnd o
6 M2 B3 4-9 MHZ, and Corwk masmmtsWuMsuuzAmschzmmwmumwxnomu

" Al lrequencies up to 6 Gez. e validty of tissue parameess (s and o) can be relaend 10 = 10% ¢ liquid compensation foriia & sgpked 1
Mmeasuted SAR vaives. memanlysnns‘a‘ofmw uncantarty for ndicated arge! 88 paameters,

e are durrg | SPEAG Thd the remaning o dua o he effect aftar

AphaDepth
mmtmgmhmmsm“m:mbmmmmaucwnmmluge-nmmlnp«ooeh
daameter rom s Doundsry.

Cerificate No' EX3-3044_May22 Page Bat 25
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EXIOVA- SNI3M4 May 17, 2022

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

Calibration Parameter Determined in Head Tissue Simulating Media

e o T Conductivity Deptht e )
1 (MHz)° | Pormittivity’ {Sim)* | ConvEX | ConvEY | ConvFZ | Aipha® | {mm) {k=2)
6500 34.5 607 | 530 5.50 5.50 0.20 250 | +186%

“ Frequency vaikdty al 6.5 GHz i S00/ 700 MMz and = 700 M-z o or above 7 Gz The uncectanty is the BSS of the ConF uncaitinty m
y ard tha y for the frequency bard

" A frequencine §-10 GHz. the vadly of Hs5.e parmetnrs (e and o} can ba relaxed 1o 2 10% f koUsd Compensaticn formuss is applied 1o mens.sed
SAR vaiues, The wicedtanty is the RES of e ComF Looetainty for indicated taget 55500 parameles.

! Alpha/Dageh A dedeermined curing calbration. SPEAG wairaeis Pal the ramaining deviation due 10 the bisndary effect sfer compensation &
aways oas than 3 1% for fraquencies below 3 GHz, balow = 7% for Ireguencies between 346 GHI. and Delow = 4% for fracusncies besween 630
GHz ot any cistancs laeper 1han half the probe 1D diameter from e boundary

Certificate No: EX3.3944_May22 Page 7 of 25
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EX3DV4- SN 3044

May 17, 2022
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
15
|

14 L
~ 134
E F
® 12|
E o
fe
8ol .
§ IC | e - ” . .
-
; 0.9+
$
3 08
g
Uo7

06

05— —t : - . el P .

o SC0 1000 1500 2000 2500 3000
fIMHz]
° o
ﬁ 'RT2j
Uncertainty of Frequency Response of E-field: £ 6,3% (k=2)
Certificate No: EX3.3944_Msy22 - Page 871;‘ 2.’;
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EX3DV4- SN-3944

May 17, 2022
Receiving Pattern (¢), 9 = 0°
f=600 MHz, TEM f=1800 MHz,R22
Z f 5 on
: . ks , : K s .

05
E gc\: L35 55 S S R— s i (& = S = S tela. L B T T S
i t
150 420 g 0 P B 1o 14
Ret ')
L] . o »
BT 0 Wz 1800 Tz 2553 Wz
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certificate No: EX3-3944 May2z Page 90l 25
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EX3DV4- SN 3944 May 17, 2022

Dynamic Range f(SARnead)
(TEM cell , fovwr= 1800 MHz)

105 S
: .
L]
">‘ 104 .
>
- .
v
§ .
o .
3 .
8 400
= .
.
! o
.
.
.
107 107 0 10 10 10 10°
SAR [mWicm3|
. *
Not compensated tompensaled
2

T

-

§G LR L B T T i i 11 S RPN L

w

2
102 12 10+ 10° 10 1 10
SAR [mWicm3]
. J
Mol compensaled compensaned
Uncertainty of Linearity Assessment: £ 0.6% (k=2
Cedificate No: EX3-3944 May22 Page 10 of 25
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EX30V4é- SN-3944

May 17, 2022

Conversion Factor Assessment

f = 850 MHZ WGLS RS (H_convF) = 1900 MHz WGLS R22 (H_comF)

zjren|
.

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

g
)
8
@
2

10 08 .06 04 02 00 02 04 06 D08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: EX3-3944_May22 Paga 11 0125

Page 13 of 45




Test report no.: 1-4305/22-01-12-A CTC i | advanced

member of RWTUV group

3  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 “(’:’i\wﬁ 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 Starcsrds ID# Cai Date (Certficate Nc.) Scneduled 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
Cavibeased by
Apgroved by

Issued: May 12, 2062

| 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 s Ischer Kalik
Schmid & Partner ——e c Service suisse o'étalonnage
Engineering AG % Servizio svizzero di tarstura
Zaughausstrasse 43, 8004 Zurich, Switzeriand s S Swiss Cativeation Service
AES
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.

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 parametlers: 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 mho'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
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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 -271dB

General Antenna Parameters and Design

[ Elecirical Delay (one dwection) ] 1.159ns

ARer long term use with 1000V radiated power, only a slight warming of the dipcle near the feedpoint can be measured

The dpcle 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 affectad 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
faadpont 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:
o Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2021
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 02.05.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

o  DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

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: DAE4 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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4

Calibration report “5GHz System check dipole”

Calibration Laboratory of A Seh Kalibrierdi

Schmid & Partner e 2 Survice suisse d étalonnage
Engineering AG e Servizio svizzero di taraturs

Zeughausstrasse 43, 8004 Zurich, Switzertand o S Swiss Casbration Service
Acrreded by the Swes Aocredeation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories t the EA

Mutilasers! Age for the recognition of calibration certificates

ciient  CTC advanced GmbH Certificate No: DSGHZV2-1055_May21
[CALIBRATION CERTIFICATE

Otigct D5GHzZV2 - SN:1055

Calbration procedm(s) QA CAL-22.\6

Calibration Procedure for SAR Validation Sources between 3-10 GHz

Cabaion daa: May 18, 2021

This calention cetilicate documents the raceabilty to naticnal standards, which realize the physical Lits of measuraments (S4)
The messsuraments and tha uiceviainties vith confidence probabdty are gven on the fallowing pages and are pan of the cenificats

Nt % have been Auctad in the chsed labarglory laclity. armiroement lemperature (22 + 35°C and humidity < 70%

Cakbeation Equpenant used (METE critcal for calioeation)

Primary Stancasds [0 Gal Dafe (Cartticata No.) _Scheguled Caivraticn |

Power matar NAP SN 104778 Q0-Apr-21 (Mo, 217-0029103292) Ape22

Pawer sarsce NAP-251 SN; 109244 08-Apr-21 (Mo, 217-5241) Ape 22

Power sensor NAP-251 EN: 103245 00-Apr-21 (Mo, 21 7-052a2) Ape 22

Aefecance 20 dB Atlenuator SN BHOGSY (20k) 09-Apr-21 (Mo, 217-03343) Ape-22

Type-N mismatch combiration SN: 310962/ 05327 09-Ape2t (No. 217-03344) Apei2

Referance Probe EXI0V4 SN: 3503 30-Dec-20 (No. EX33503_Dec2l) Dec-21

DAE4 SN: 601 02-Moe-20 (No. DAEA-E0Y N2 0) Nov-21

Secondary Standards 10 2 Check Date Or bouse) Scheo.foo Crnck

Power meter £44198 SN: GBIN512475 30-0ct-14 {in house check Oct-2X0) 10 house check- Cot-22

Pawer senzor HP BAS1A SN UIS3T290733 07-0¢1-15 (n house check Oct-20) in house check o122

Power sensoe HP BASIA SN: MYA$06C317 07-0ct-15 (n houss check Oct-20) In houss chack: Oct-22

RF generstor RES SMT-08 SN: 100872 15-Jur-15 {in house chack Oc-20) In houae chace Qct-22

Network Analyzer Aglent EB358A | SN: US41080477 31-Ma%14 (I houss check Oct-20) In house chacke Oct-21
Nams Function Signalure

Calibeated by Jeson Kasteati Laoaratory Tecrician W

Appraved by. Katja Poiowic Technical Manager /%%ﬁ

issued: May 18 2021

| This calbeation ceriticate shall not be reproduced except in Sl aithoul written approval of the Labortory.

Centdicate No: DSGHZV2-1055_May21 Page 10f 13
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Calibration Laboratory of

e o
: A Kalit
Schmid & Partner % g Service suisse d'dtatonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland RN S Swiss Calibration Service
iyt
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories fo the EA
Multilateral Agreement for the recognition of calioration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) IEC 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:
e) 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 lo position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

e Elsctrical 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 parametars: 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 nermal distribution corresponds to a coverage
probability of approximately 85%.

Centificate No: DSGH2V2-1055_May21 Page 2 of 13
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Measurement Conditions
DASY system configuration, as far as not givea on page 1.

DASY Version DASYS V52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom V5.0

Distance Dipole Center - TSL 10 men with Spacer

Zoom Scan Resolution dx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz + 1 MHz

Frequency 5500 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz
The following parameters and cakulations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 36.0 4.66 mho/m
Measured Head TSL parameters (220+02)°C 348+8% 449 mho/m +6 %
Head TSL temperature change during test <05°C

SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Candition
SAR measured 100 mW input power 8.09 Wikg
SAR for nominal Head TSL parameters normalized to 1W 80.3 W/ikg = 19.9 % (ke2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 230 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.8 Wikg = 19.5 % (k=2)

Cartificate No: DAGH2V2.1065_May21

Page 30i12
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Head TSL parameters at 5500 MHz

The following parameters and calculations ware applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4.96 mho/m

Measured Head TSL paramelters {220+£02)"C 34326% 473 mho/m £+ 6 %

Head TSL temperature change during test <05°C e -
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 100 mW input power 8 80 Wkg

SAR for nominal Head TSL parameters normalized 1o 1W 87.2 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW input power 247 Wikg

SAR for nominal Head TSL parameters normalized to TW 24,5 W/kg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following p ters and calculations were applied
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 353 5.27 mho/m

Measured Head TSL parameters (22.0202)°C 339+6% 5.08 mho/m 6 %

Head TSL temperature change during test «05°C =S
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 ¢m® (1 g) of Head TSL Condition

SAR measured 100 mW input power 832 Whg

SAR for nominal Head TSL parameters narmalized o TW 82.4 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW Input power 233 Wikg

SAR for nominal Head TSL parameters nomalized 10 1W 23.1 Wikg = 19.5 % (k=2)
Canificate No: DSGHzV2-1055_May21 Page 4 0f 13
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 49.0 5.30 mha/m

Measured Body TSL parameters (220202)°C 48.7 £6% 546 mho'm =6 %

Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 ¢m” (1 g) of Body TSL Condition

SAA measured 100 mW inpul power 7.48 Wikg

SAR for nominal Body TSL parametars normalized to 1W 74.8 W/kg £ 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 100 mW input power 2.07 Wikg

SAR for nominal Body TSL paramaters nomalized fo 1W 20.7 Wikg = 19.5 % (k=2)
Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 486 5.85 mhaim

Measured Body TSL parameters (22.0202)°'C 481+6% 5.87 mha/m = 6 %

Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5500 MHz

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

SAR measured 100 mW Input power 7.98 Wikg

SAR for nominal Bedy TSL parameters normalized 10 1W 79.8 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.18 Wikg

SAR for nomina! Body TSL parameters normakzed to 1W 21.8 Wikg = 19.5 % (k=2)

Cenificste No: DSGHZV2-1055 May21
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Body TSL parameters at 5800 MHz

The tollowing parameters and calculations were agplied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 482 8.00 mho/m
Measured Body TSL parameters (220402)°C 476 x6% 6,29 mha'm 2 6%
Body TSL temperature change during test <05°C anan -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measurad

100 mW inpia power

7.51 Wikg

SAR for nominal Body TSL parameters

normalized 1o TW

75.1 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR maasured 100 mW input power 2,04 Wikg

SAR for nominal Body TSL parameters normaized to 1W 20.4 Wikg = 19.5 % (ke2)
Centificate No: DSGHzV2-1055_May21 Page 601 13
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impadancs, transformad to fead point 524Q-97i0
Retum Loss -203dB

Antenna Parameters with Head TSL at 5500 MHz

Impedance, iranslormed to feed point S240-41K
Return Loss -26.6cB

Antenna Parameters with Head TSL at 5800 MHz

impedance. transformed to feed point 5890020
Return Loss -238d8

Antenna Parameters with Body TSL at 5200 MHz

Impedance, translcamed to leed point 5250-8864

Ratum Loss -212d6

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transtormed 10 leed point 5280-54i0Q
Return Loss - 24548

Antenna Parameters with Body TSL at 5800 MHz

impedance, transformed 10 leed paint 575Q-07 12
Retumn Loss -23.14d8

General Antenna Parameters and Design

I Edactrical Delay (one direction) l 1204 ns ]

Aftar long term use with 100W radiated power, only a siight warming of the dipole near the feedpoint can be measured

The dipole 5 made of standard sermingid coaxial cable. The center conductor of the leeding line 13 directly connected to the
second arm of the dipale. The antenna is therefore short-circuited for DC-signals. On seme of the dipcles, smal end caps
are aaded to the dipole arms in order to Improve matching when ioaded according 1o the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standarg

No axcessive force must be appied 1o the dipole arms, because they might bend or the soldered connactions near the
feedpont may be damaged.

Additional EUT Data

Manutactured by | SPEAG |
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DASYS5 Validation Report for Head TSL

Date: 17.05.2021
Test Lahoratory: SPEAG, Zunch, Swazerland

DUT: Dipole D3GHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1055

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: = 5200 MHz; 6 = 4.49 S/m; & = 34.8; p= 1000 kg/m®,

Medium parameters used; [ = 5500 MHz; 6 = 4.79 Simi: & = 34.3; p= 1000 kg/m® |

Medium parameters used: 1= 5800 MHz; a = 5,09 S/my; £ = 33.9; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard; DASYS (JEEEAEC/ANSI C63.19-201 1)

DASYS2 Conliguration;

¢ Probe: EX3DV4 - SN3503; ConvFi5.8, 5.8, 5.8) @ $200 MHz,
ConvF(5.25, 5.25. 5.25) @ 5500 MHz, ConvF(5.01, 5.01, $.00) @ 5800 MHz; Calibrated: 30.12.2020

¢ Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 02.11.2020

o Phantom: Flat Phantom 5.0 (front): Type: QD 000 PSO AA; Serial: 1001
o DASYS252.10.4(1527): SEMCAD X 14.6.14(7483)

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

Reference Value = 78.37 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.7 Wikg

SAR(1 g) = 8.09 W/kg: SAR(10 g) = 2.30 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Rate of SAR it M2 10 SAR at M1 = 69 9%

Maximum value of SAR (measured) = 18.3 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1 dmm

Reference Value = 79.34 V/m; Power Drift = .02 dB

Peak SAR (extrapolated) = 33.9 Wikg

SAR(I g) = 8.80 W/kg: SAR(10 g) = 2.47 W/kg

Smallest distance from peaks 1o ull points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 = 67.1%

Maximum value of SAR (measured) = 21.0 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm. dy=4mm, dz=14mm

Reference Value = 77.22 Vim: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.8 Wikg

SAR(I g) = 8.32 W/kg; SAR(10 g) = 2.33 W/kg

Smallest distance from peaks to all points 3 dB below = 7.5 mm

Ratio of SAR at M2 o SAR wt M1 = 66.3%

Maximum value of SAR (measured) = 20.0 W/ikg

Certificate No: D5GH2V2-1055_May21 Page & of 13
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0dB =210 W/ikg= 1321 dBW/kg
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Impedance Measurement Plot for Head TSL

fe Wiew Channel Swesp Calbration Jrace Scale Marker System Window Hep
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Antenna Parameters with Head TSL at 5200 MHz

From cal. data Measured 2022-05-09
Impedance; trsgiiffrmed to feed 52.40 - 9.7jQ 51.5Q + 1.0jQ
Return Loss -20.3dB -35.2dB

Antenna Parameters with Head TSL at 5500 MHz

From cal. data Measured 2022-05-09
Impedance; trsgisr,]ftormed to feed 52.4Q - 4.1jQ 51.6Q — 5.3)0
Return Loss -26.6dB -25.3dB

Antenna Parameters with Head TSL at 5800 MHz

From cal. data Measured 2022-05-09
Impedance; trg(r)li?]ftormed to feed 56.90 - 0.2j0 58.40 — 2.2/0
Return Loss -23.8dB -21.9dB
) " B - a - -, -/.. ™ Pl _\\/ - -
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DASYS5 Validation Report for Body TSL

Date: 18.05.2021

Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1055

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: S800 MHz
Medium parameters used: { = 5200 MHz; o = 5,46 S/m: & = 48,7; p » 1000 kg/m”,

Medium parameters used: f = 5500 MHz: o = 5.87 S/in, & = 48.1; p = 1000 kg/m* |

Medium parameters used: f = 5800 MHz; 6 = 6.29 S/m: £ = 47.6: p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST C63,19-201 1)

DASYS2 Configuration:

¢ Probe: EX3DV4 - SN3503; ConvF(5.29. 5.29. 5.29) @ 5200 MHz.
ConviF(4.84, 484, 4.84) @ 5500 MHz, ConvF(4.62, 4.62. 4.62) @ 5800 MHz; Calibrated: 30.12.2020

»  Sensor-Surface: 1.4mm (Mechanical Surtace Detection)

o Electronies: DAE4 Sn601; Calibrated: 02.11.2020

s Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA; Serial: 1002
s DASYS252,104(1527): SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Messurement grid: dx=4mm, dy=4mm, dz= 1 4mm

Reference Value = 69.46 Vim: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 28.3 Wikg

SAR(1 g) = 7.48 Wikg; SAR(10 g) = 2.07 W/kg

Smallest distance from peaks to all points 3 dB below = 6.9 mm

Riztio of SAR a1 M2 10 SAR at M| = 67.3%

Maximum value of SAR (measured) = 17.3 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 68.81 Vim: Power Drift = 4004 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(I g) = 7.99 W/kg: SAR(10 g2) = 2.18 W/kg

Smallest distance from peaks 1o all points 3 dB below = 7.2 mm

Ratio of SAR st M2 1o SARat M1 =64.1%

Maximum value of SAR (measured) = 19.2 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =5800 MHzZoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm. dy=4mm. dz=1 4mm

Reference Value = 66,93 Vim; Power Dnft = -0.06 dB

Peak SAR (extrapolated) = 33.0 Wikg

SAR(1 g) = 7.51 Wrkg:; SAR(10 g) = 2.04 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at Ml = 62.5%

Maximum vitlue of SAR (measured) = 18.2 Wikg

Cenificate No: DSGHZV2-1055_May21 Page 11 0f 13
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o8

-6.00

-12,00

-24.00

-30.00

0dB = 192 Wike = 12.83 dBW/kg

Certificate No: DEGHZV2-1055_May21 Page 120t 13
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Impedance Measurement Plot for Body TSL

[Gc Dew hernm Swgep Colbraton Trace Scoe Marker Spstem widow Hep

Cendicate No: DSGHzV2-1055_May21 Page 132613

Page 35 of 45




Test report no.: 1-4305/22-01-12-A CTC ||| advanced

member of RWTUV group

Antenna Parameters with Body TSL at 5200 MHz

From cal. data Measured 2022-05-09
Impedance; trsgiiffrmed to feed 52.50 - 8.6/Q 50.80 - 2.4j0
Return Loss -21.2dB -32.2dB

Antenna Parameters with Body TSL at 5500 MHz

From cal. data Measured 2022-05-09
Impedance; trggisr,]ftmmed to feed 52.8Q - 5.4jQ 52.7Q - 2.0j0
Return Loss -24.6dB -25.2dB

Antenna Parameters with Body TSL at 5800 MHz

From cal. data Measured 2022-05-09
Impedance; trg(r)li?]ftormed to feed 57.5Q - 0.7jQ 55.7Q — 2.0jQ
Return Loss -23.1dB -24.9dB
[ " . ) _\‘\_/_.— \- p _ | \/ - o ™
\.\ f \, ™ _ k
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5

Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of Sch iacher Kalibnerdi
Schmid & Partner Service suisse d dalonnsge
Engineering AG Seevizio svizzero di tarstura

Zoughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service
Accredited by the Swiss Accreciabon Servics (SAS) Accreditstion No.: SCS 0108
The Swiss Accracitation Service is one of the signatories to the EA

Multilatersl Agraemeont tor the recognition of calibration certificates

ciet  CTC advanced GmbH Certificate No: DAE3-477_ May22
CALIBRATION CERTIFICATE

Otyjoct DAE3 - SD 000 D03 AA - SN: 477

Calkwabion procecie|(s) QA CAL-08.v30

Calibration procedure for the data acquisition electronics {DAE)

Calioration dats May 16, 2022

This cabration carificate docurnediss tha Sceability to natonal standads, which malze the physical unis of measurements 1Sh)
The measuremerss and tha uncertaintion with contidencs probabiity A Given on the folowing pages And are part of the cerificate

Al exinrations have baen conducied i 1he dosed aboratory fackity: eovironment teparatura (22 = 3)°C ang hummdity < 707,

Calvation Equipment used (MATE crtical for caibration)

Primary Siandards | Csi Dste (Caetifcato No | Schediied Calteation
Keithiay Mutimetee Typo 2001 | SN 0810278 31-Aug-21 {No:31358) Aug-22
Secondary Standards |1Ia Check Date (n house) Scheduied Chck
Auto DAE Caibrasion Unt ' SE UWS 053 AA 1001 24-ian22 (In house chedk) In howse chedk: Jan-23
Cavitirter Box V2.1 | SE UMS 006 AA 1002 24-Jan-22 (n house chick) In house check. Jan-23
Namo Function Skgnature
| Catbeated by Agrian Gehring Laboestory Technician /! :
=

Approved by, Sven Kibn Tochnical Manager

‘QEZMuuU

Issuod: May 16, 2022

|

| This calioration cortificate shall not ba reproduced excopt in fufl without varien approval of the taboratory

Corticate No: DAE3-477_May22 Page 16of 5
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Certificate of “SAM Twin Phantom V4.0 and V5.0”

Schmid & Partner Engineering AG

S p e a g

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://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 peag
Date 25.07.2011 Schmic & er Engir AG
zZug\(;%_Es%f; 43,98(;;4}%%%dan
S EYAR s c
Signature / Stamp A s 5&;::% g+ 77

0 sneag.com

DocNo 881-QD000P40C—-H Page 1(1)
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7  Application Note System Performance Check

7.1 Purpose of system performance check

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

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

7.2 System Performance check procedure

Preparation

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

7.3 Uncertainty Budget

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

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

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

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

symmetric field distribution.

for the 0.3 - 6 GHz range

DASY 5 - Uncertainty Budget for System Validation

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

uncertainty Value Distribution (1g) | (10g) | £ %, (1g) |+ %, (100) | Vs
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 66%]| =
Axial isotropy + 4.7 % | Rectangular | V3 1 1 [£ 27%|x 27% 0
Hemispherical isotropy + 9.6 % | Rectangular | V'3 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 | V3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03%]| =
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 | V3 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%|+ 3.2% 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 % | Rectanqular | V3 ]0.78] 071 [+ 08%|+ 07% 0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]0.23]026[+ 00%|+ 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) |+ %, (10Q)| 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. + 2.0 % | Rectangular | V3 1 1 |2 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 0841+ 19%|x 16% %0
Liquid conductivity (meas.)°X + 25 % Normal 110781071+ 20%|x 1.8% 0
Liquid permittivity (meas.)>* + 25 % Normal 1023|1026+ 06%|[x 0.7% 00
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 cDASY®6 (0.3-6GHz). The RF ambient noise uncertainty
has been reduced to +1.0, considering input power levels are = 250mW.

Footnote details:

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

Symbol Error Description Un\c/ertainty P.rob_abil_ity Divisor o i Standard Uncertainty
alue Distribution (1g) | (10g) | * %, (1g) | + %, (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 [ V 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%|+x 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) |Conductivity (meas.)®** + 25 % Normal 1 078|071+ 20% |+ 18%
LIQ(To) |Conductivity (temp.)®® + 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 +21.7% | 21.5%

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

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

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

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

dir.
. 3dB .
Signal Low cable
Generator Pass 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.

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

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

7.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.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.

7.6 Additional system checks

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

» 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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