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Test report no.: 1-0719/20-02-11-C Ceteco m
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1  Calibration report “Probe EX3DV4” — SN: 3944

Calibration Laboratory of AT n o
Schmid & Partner ,‘*\QJ_'/;;__ g mm‘:tm
Engineering AG % g Serviaio svizzero & tarsture
Zoughawsstrasse 43, 8004 Zurich, Switzerfand 54,,_@5? Swiss Calibration Service
Accredied by he Swss Accredation Service (SAS) Accreaitation No.: SCS 0108

The Swiss Accreditation Service is one of the signateries to the EA
Multilateral Agreemant for the recognition of calibration cartificatos

Client

Otyect

Calearion peocedaels)

Castraion oo b7 A T e e T S
Ths cate e ™ wity 10 natianal whveh realze the wnits of {51,
The and the with confs pr y a6 ghven on the Tallowing cages and are pan of the cenifoate.
All CHe SO hav Deey 0 tha closed y laciity. {22 2 35°C and humiity < 70%

Caiteaton Equigment ssed (MATE ontital for calbraton)

| Primary & [} | Cal Date (Cortitcace Ne.) | Schedued Cytranon
Fawes mater NRP SN 14778 08-Apr-21 (No. 217-0320101282) Apr-21
Powes s205 NRP-291 SN: 103244 O2-AprZ1 (No. 21703291) | Apr2s
Fower sensor NRP-Z81 SN: 103245 C-Apr-21 (No. 217-05262) Apr-21
Reference 20 di Atlerwalor | SN: CC2652 120x) OB-Ape-21 (No. 217-03343) Apr21
DAEE SN 660 23-Dec:20 {No. OAE4 060 Oec20) Dec-21
Reference Probe ESIONZ SN 2013 30-Dec-20 {No. ES3-3013_Deca0) Doc-23
Sundands it} Check Date (in house) Scheduled Check
Power matar 44198 SN GBAI293874 05-Ape-16 {in house chack Jun-20) In Pouse chack: Jun-22
Power sensor 48124 SN WYa1450087 06-Ape-16 {in houss chack Jun-20) In nouse check: Jun-22
| Powes sunsce E4412A SN_000110210 C6-Ape-16 (in houss Chack Jun-20) In housa check Jun-22
_RF genaralor HP 88480 SN: US36842001700 04-Au9-89 {0 house check Jun-20} In house check: Jun-22
Network Analgzes EBIBEA SN US4 10877 31-par-14 (i howse chack Od4-20) In house chack Ou-21
Name Functicn Signature
Casbvated oy et e

Cantcate No: EX3-3944_May21 Page 10f23
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Test report no.: 1-0719/20-02-11-C Ceteco m
advanced

Calibration Laboratory of S, § sbrierdiens

Schmid & Pariner o c Service sulsse d'etaonnage
Engineering AG i e Servizio svizzero i taratura

Zoughaussirasse 43, 8004 Zurich, Switzeriand fvﬁ\ s Swiss Calibeation Service

Accredied by the Swiss ASCrediaton Servos (SAS) Accredination No.: SCS 0108

Tho Swiss Accreditation Servica Is one of the signatories to the EA

Maultilateral Agr for the recogr of calibration certificates

Glossary:

TSL bssue simulating liguid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.2

pce diode compression pont

CF crest factor (1/duty_cycle) of the RF signal

A B CD modulation dependent linearzation parameters

Polanzation ¢ © rotalion around probe axis

Polarization 3 3 retation around an axis that Is in the plane normal to probe axs (3 measurement canter),

i@, 4 =0 is normal to probe axis
Connector Angle Information used in DASY system 1o align probe sensor X 10 the rebot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 82209-1,~, "M Wl procedure for the nent of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MiHz 1o 8 GHz)", July 2018

¢) IEC 62208-2, *Procedure to determne the Specific Absorption Rate (SAR) for wireless communicaton devices
used in close proximity 10 the human body (frequency range of 30 MHz to 6 GH2)", March 2010

d} KDB 865664, "SAR Measurement Reguirements for 100 MHz to 8 Griz”

Methods Applied and Interpretation of Parameters:

s NORMXx.y,z: Assessed for E-field polarization 5 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y.z 878 only inlermediate values, i ., the uncenanties of NORMx.y,z does not affect the E”-fiekd
uncertainty inside TSL (s2e below ConvF).

o NORM{fx y,z = NORMx.y 2 * fraquency_responss (see Frequency Response Char). Thas linearization s
implernented in DASY4 softwara versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

* DCPuxy.z: DCP are numerical linearization parameters assessad based on the data of power sweep with CW
signal (no uncenanty required). DCP does not depend on frequency nor medsa

o  PAR:PAR is the Paak to Average Ratio that is not calibrated but determined based on the signal

charactenistics
o Axy2 By Cryz Dxyz VReyz A B, C Dare numerical lincarization paramelers assassed basad on
the data of power sweep for specdic modulation signal. The p dao not depend on freq ¥ Nor

media. VR is the maximum calibration range expressed in RMS vollage across the diode.

o ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-fieki {or Temperature Transfer
Standard for f < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for agsassment of the parameters applied for
boundary compansation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMy,y,z * ConvF wheraby the unceriainty corresponds 1o that given for ConvF. A frequency dependenmt
ConvF Is used in DASY version 4.4 and higher which alows axtending the validity from + 50 MHz 1o 2 100
MHz

= Spherical isotropy (30 deviation from lzotropy): in @ field of low gradients d using a flat ph
exposed by a patch antenna,

»  Sensor Offsot: The sensor offset coresponds to the offset of virtual measurement center from the probe lp
{on probe axis). No tolerance requirad.

o Connecfor Angle: The angle s assessed using the information ganed by determining the NORMx (no
uncenainty raquired).

Certficate No: EX3-3944 May21 Page 20/ 23
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EX30DV4 - SN.3044 May 19, 2021

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

rBaslc Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (ko2)
M%vun)’)‘ 0.54 0.62 0.41 +10.1 %
DCP (m! 100.5 1004 1012
Calibration Resuilts for Modulation Res
Uib Communication System A 8 ¢ ) VR Max [ Max |
a8 48 v dB mv dav. Unct
(=2}
0 [=7] X 00 | 000 | 100 | 000 | 1484 | 227% | 247 %
Y 00 | 000 | 100 1359 |
Z 00 | 000 | 100 1450 |
10352- | Pulse Wavefor {200Hz, 10%) X | 90.00 | 11200 | 27.00 | 10.00 | 60. $37%  296%
ARA Y | 2000 | 9409 | 2299 | 600
Z | 2000 | 8973 | 1992 50.0
10353 | Pulse Wawsorm (200Hz, 20%) X_| 2000 | 8464 | 2185 | 699 | 800 | £1.7% | =96%
AAA ¥ | 2000 | 9480 | 2242 800 _|
Z | 2000 | 9157 | 1949 | 800
10384 | Pulse Wavedorm (200Hz 40%) | X | 2000 | 0866 | 2244 | 398 | 050 | 21.0% |296%
AAA Y | zovo | saes 18 S50 |
L o Z | 2000 | 9669 | 2051 T o5¢
10655~ | Pulse Waveform (200Hz, 60%) | X | 2000 | 10527 | 2428 | 222 | 1200 | £14% | £96%
AAA Y | 2000 | 10586 | 2523 120.0
T Z | 2000 | 106.39 | 23.78 320,
T0387- | QPSK Wavelorm, 1 MRz P X075 18563 | 1288 | 100 | 1500 | £17% | £96%
ALA Y | 182 03 | 1537 50.0
AL B Z | 17 66.87 | 15.40 1504
10388- | GPSK Wavelorm 10 MHz X | 229 | 6785 | 1565 | ©O00 | 1500 | £12% | £96%
AAA Y | 24 | 6661 | 1607 150, ‘
Z 225 | 6828 | 1601 180.0
10396 | 64-QAM Wavelorm, 100 kHz X | 293 | 6966 28 | 30t | 1500 | +09%  £86%
ANA Y | 338 | 7100 39| 150.0 |
Z | 273 | 7051 87 150, I |
1 G4-QAM Warvatarm, &0 MHz X 60 | 6725 | 1582 | 000 | 1500 | +10% | +96%
ARA Y 65 | 67457 1568 150.0 |
Z | 355 | 6739 | 1598 1500 o)
10414, | WLAN CCDF, 63-QAM, 40MHz X | 482 | 6515 25 | 000 | 1500 | £1.5% | t96%
AAA Y | 486 | 6516 3 1500 |
Z | a0 | 6528 a8 180.0

Note: For detalis on UID parametars see Appendx

The reported uncertainty of measurement s 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%.

:mmamx.vzeomwus‘auumuymra(mpuusmsx

¥ not requls
WBWMNMMIMM DONSe IpoHieg GU dF wdis Tor the scuses of the
i
Certificate No- EX3-3944_May21 Page 3 of 23
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Test report no.: 1-0719/20-02-11-C Ceteco m
advanced

EX3DV4- SN.3944 May 19, 2021
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
| ct | C2 a T T2 T3 T4 T5 T6
1 F \ F v ms.V? | msVv" ms [ \ v
X 522 385.55 3483 1547 0.39 5.05 0.94 0.32 1.01
Y 56.9 422.32 35.18 24.34 022 5.10 1.35 0.33 1.01
Z 41.0 298.72 3415 7.83 0.32 501 | 171 0.02 1.01
Other Probe Parameters
[l Senscr Arrangement Trangukar
Cannector Angie {°) 1775
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overad Length 337 mm
Probe Body Diameter 10 mm
Tip Length T emm |
| Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibeation Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calbeation Point 1mm
Recommended Measurement Distance from Surface 14 mm

Note: Measurement distance from surface can be increased to 3-4 mm lor an Area Scan pb.

Certficate Noc EX3-3944 May21 Page 4 0f 23
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Test report no.: 1-0719/20-02-11-C Ceteco m
advanced

EX3DV4- SN:3944 May 19, 2021

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)® m::y' W _ ConvEX | ConvEY | ComvFZ [ Alpha ® ?&v 122;]
750 41.9 0.89 1041 10.41 10.41 040 | 084 | +120%
850 415 092 10.02 | 1002 1002 | 045 | 083 | £120%
00 415 097 | 988 2.68 9.88 050 | 082 | £120%
1750 40.1 1.37 8.53 6.53 8.53 032 | 086 | =120%
1800 40.0 1.40 B.34 8.34 8.34 038 | 088 | $120%
2450 392 1.80 7.82 7.82 7.82 035 | 083 | +120%
2600 39.0 1.96 7.57 7.57 757 | 036 | 083 | +120%

3500 379 2.9 7.00 7.00 7.00 035 | 130 | £131%
3700 arz 312 680 880 .90 035 | 130 | #131%
5200 36.0 468 5.20 5.20 5.20 0.40 1.80 | £131%
5300 359 4.78 5.15 5.15 515 0.40 180 | +13.1%
5500 356 4.96 485 485 485 0.40 180 | £13.3%
5600 355 5.07 480 4.80 480 0.40 180 | £13.1%
5800 35.3 527 477 4.77 477 040 | 180 | £131%

‘anc,mm:now:mM\wmmmmvuanmnmpmnemmmmwwg S0 MMz The
uncertainty Is the R5S of the Comvf w o catioeation a0 the y for the y band ¥ y vsdicity
below 300 Mz &« 10,28, 40, 50 and 70 Nz for CorveF seseszments 5t 30 64, 128, 'SONZQOMM deComle
omu-u-smu and CornF assensnd ol 135 MH2 s 9-79 Mz Asove S GHz Faguency valdly can De extendad 1 £ 110 M-z,

" Al frequencios below 3 Gz, the validity of Sesus parametens (¢ 37 o) can be natsesd to £ 10% if iguid compersston formis s sopted %
measoed SAR vales. Al Boguancies abow 3 GHX. the veidiy of tissue pAMMeers (= and o) s restroat 1o + 5% The uncertainty & the R5S5 of

“ AlphaDegth e during SPEAG al the due to the y effect atier compensatico ks

adwirys e than ¢ 1% for Trequencies below 3 GHz and below + mwwmuwawmmmhammu
dameier from the bourdary

Cenficate No: EX3-3844_May21 Page 50l 23
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Test report no.: 1-0719/20-02-11-C Ceteco m
advanced

EX3DVA- SN 3044 May 19, 2021

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

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz)© Nm' | W ConvF X icmv ConvFZ | Alpha® Df:«:'; «'v:-”;)
750 55.5 0.96 1043 | 1043 | 1043 | 041 | 092 | +120%
850 552 0.99 1009 | 1000 | 1009 | 041 | o%0 | £120%

00 550 105 9.99 0.99 993 | cas | om0 | £120%
1750 53.4 1.49 838 8.8 838 | 041 | 086 | 2120%
1900 533 152 8.18 8.16 818 | 039 | o086 | 2120% |
2450 527 1.95 7.05 7.05 785 | 039 | 001 | £120%
2600 525 216 7.78 778 7.78 0.30 0.93 +120%
3500 51.3 331 6.50 650 650 | 040 | 170 | +131%
3700 51.0 355 639 6.39 630 | 040 | 170 | £134%
5200 49.0 530 455 4.55 455 | 050 | 100 | s13.1%
5300 489 542 4.45 445 a45 | 0so | 190 | s131%
5500 188 5.65 4.10 4.10 410 | 050 | 190 | +131%
5600 485 | &1 398 308 398 | 050 | 190 | +131%
5300 482 } 6.00 4.00 4,00 400 | 050 | 190 l +131%

‘rmuﬁmmmmu;1oommymmmsvunmwmlmmz)ohemcumuu:somrne
uncenainly i the RSS of the ComvF Yy & calibeation eg. or the valiaty
betow 300 Wz 5 + 1025, 40, 50 and 70 W2 kor Convf mmanu 128, tmmmu&mm waww:
ovmo;umww&mmsumbwommsmmmmummaww
¥ A troguonsies batow 3 GHz, 1o validity of tssue paramalers (« and o) can be relaked to ¢ 10% I quid compensyion formua = sppbed 1o
raaseed SAR vues. Al baguencies sbove ) GH2, the validity of liase pammetss (r and o) B esrcied 1o ¢ 5% The uncenainty & the RSS of
nwwwww PAMIMEETS

a0 o al the devation due o tha dary effect altor

SPEAG
mmlm- mto-Mmsa—umuw:xumwum-mmmmmmmm
damener fam the bourdary

Carificate No: EX3-3044_May21 Page 6of 23
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Test report no.: 1-0719/20-02-11-C e

EX30DV4- SN 394

Freguency response (normalized)

Cortificate No: EX3-3944_May21

May 19, 2021

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

| W BN W - 1 1SS C oW | bt dnd o

1000 1500
f [MHz]
i

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

Page 7 0f 23
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EXADV4. SN:19ce

May 19, 2024
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
" * *~ - ) ] -
L3 = L > . . .
ot x ¥ & Tor x Y P4
05 :
g |
% nu{ tlt"-'a.‘—pm—‘:‘:t-t_—-’—.-.t '*ﬁﬂ-'*.-*ﬁ;‘*.w
'L 1 1 L Ll Lo I Lo L
o “7;&')‘ 100 50 G f:U 0o 'f.'i'
Ro# []
wﬁl, mﬁ?.dw mfl‘,m ?';l'-ﬁw

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

Certficate No: EX3-3944 May21 Page 8of 23
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EX3DV4- SN.3044
Dynamic Range f(SAR¢aq)
(TEM cell , fo5= 1800 MHz)
g
£
Ll By A by SRS
10* 10? 10' w00 10 w Y
SAR [mWicm3)
| =
not compernsatec compensated
*r
1+
% L Pigieyie a8 1T o L e
uJ T -
Z‘I——-r»*—‘—" e Tt ! {
102 w0 [ 2l 100 [ 19?7 o
SAR [mW/om3)
4 Le)
" compensaied compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: EX3-3944 M2t Pege 80l 23

Mary 10, 2021
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EX3DV4- SN.3844

May 19, 2021

Conversion Factor Assessment
f= 000 MHz WGLS RS (H_comf)

1= 1750 MHZ WGLS R22 {H_convF)

£ Pam
. .
v v ~

. .
ey

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

w ©

06
04
0.2
ocC

=
z
o

10 L8 L8 04

02 00 02

o

44 08 08 12
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certficate No: EX3-3944_May21

Page 0 of 23
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Test report no.: 1-0719/20-02-11-C

Calibration report “750 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausatrasse 43, 8004 Zurich, Switzerland

Accrediied by the Swiss Accreditation Service [SAS)
The Swiss Accreditation Service 15 one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Cham

CTC advanced GmbH

W
o iy,

4

&
N
gy -

)

AR

Schweizerischar Kalibrierdienst

Servizio svizzero ¢l taraturs

S
c Sarvice suisse détalonnage
S Swiss Calibeation Service

Accreditstion No.: SCS 0108

Certificats No: D750V3-1041_May20

(CALIBRATION CERTIFICATE

Qbjact

Calibeation procedure|s)

Calibration date:

D750V3 - SN:1041

QA CAL-05.v11

Calibration Procedure for SAR Validation Sources betwsen 0.7-3 GHz

May 07, 2020

This caibraticn cetficate documents The traceabiily Lo naticas! stancards, which realze the physical urts of measuramants (S1)

Calbraticn Equipmant used (MATE crcal for calibration)

Tha maasurements and the uncertanties with confidance probabiity ae gwven an tha toliowang pagas and are par of the certificate.

All cabbrations have been conducted in tha clasad laboratory facillty: emwironment temperaturs (22 4 31°C and humidily « 70%.

Primary Stardards 108 Cal Date {Cartificale No | = Scheouted Calbralion

Powar meser NRP SN: 104778 01-Apr-20 {Na. 217-0310003101) Apr-21

Power sansce NAP-291 SN 103244 A1-Apr-20 {Na. 217-03100) Aar2y

Powar sansor NAF-Z91 SN: 103245 01-Apr-20 {No. 217-03101) Apr-21

Raterence 20 B Attenuator SN: BHI364 (20¢) 31-Mar-20 [Na. 217.03106) Apr-21

Typa-N mismatch combination SN. 310902/ 06327 31-Mar-20 [No. 217-03104) Apr-21

Raterance Probe EX30V4 SN: 7349 31-Dec-15 (No. EX2-7249 Dec19) Dec-20

DAE4 SN. 601 27-Dec-15% (No, DAE£-601_Dec18) Oec20

Secondary Standards 0a Chack Date (in hause) Scheculed Chock

Powar metar E44198 SN: GB39512475 30-0ca-14 (in house check Feb-19) In house check: Oct-20

Power sensce HP 84814 SN: US3IT22763 07-0ct-15 [in hause chack Oct-18) In housa check: Ocs20

Power sansor HP B431A SN MY41062317 07400115 (in house chack Oct-18) In house check: Oct-20

RF ganseator RES SMT-06 SN: 100872 15-Jun-15 (n howse check Oct-18) In house check: Oc-20

Network Anatyzer Aglent EB3SEA | SN: USA1080477 A1-Mar-14 (in hause chack Oct-19) In housa check: Oc%.20
Name Functicn Signatre

Calbrated by Jolon Kastrati Laboratary T«MntW"

Approwed by: Kata Pokevic Technical Manager

Isaued: May 8, 2020

This calbration certficata shall not be repecducad except 0 full without weitten approval of the luboruwﬂ.

Centiicate No: D750V3-1041_May20

Page 10i8
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Test report no.: 1-0719/20-02-11-C e Cetecom

Calibration Laboratory of SO, S Schwsizerischer Kallbrierdienst

Schmid & Partner % Service suisse d'étslonnage
Engineering AG T c Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand "/,,,"/"r;_‘\'\\_‘.,,,\3 S swiss Calibration Service

Accradited by the Swiss Accredilation Service [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agr 1 for the gnition 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) |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) |EC 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 Parametars with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed 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 Retumn 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.

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%.

Certfficate No: D750V3-1041_May20 Page 2 of B
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Measurement Conditions

DASY systam configuration. as far as not given on page 1.
DASY Version DASYS V52104
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5Smm
Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied,

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 419 0.89 mho/m

Measured Head TSL parameters (220+02)°C 421£6% 0.91 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 measurad 250 mW input power 214 Wikg

SAR for nominal Head TSL parameters normalized to 1W B.43 Wikg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 1.40 Wikg

SAR for nominal Head TSL parameters normalized to 1W 5.53 Wikg + 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.6 0,96 mha/m

Measured Body TSL parameters (220202)°C 557 +6% 0.96 mho/m £ 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 215 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W B8.62 Wikg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 1.42 Wkg

SAR for nominal Body TSL parameters normalized to 1W 5.69 Wikg * 16.5 % (k=2)

Certificale No: D750V3-1041_May20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5480-19|10Q

Return Loss -26.1d8
Antenna Parameters with Body TSL

Impedance, translormed to feed point 5010-489iQ

Retumn Loss -26.2dB
General Antenna Parameters and Design

I Electrical Delay (one direction) | 1.035ns I

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is diractly connected 1o 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 to the dipole arms in order to improve matching when leaded according to the position as explained in the
*Measurament Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
accerding to the Standard.

No excessive force must be applied 1o the dipole arms. because they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

| Manutactured by SPEAG

Cendicate No: D750V3-1041_May20 Page 4 of B
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DASYS5 Validation Report for Head TSL

Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V 3 - SN:1041

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

Medium parameters used: f = 750 MHz: a = 0.91 S/m; & = 42.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANST C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated: 31.12.2019
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 27.12.2019
«  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 59.07 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.20 W/kg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.4 W/kg

Smallest distance from peaks to all points 3 dB below = 17.1 mm

Ratio of SAR at M2 (o SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.85 Wikg

0dB =2.85 W/kg =455 dBW/kg

Certificate No: D750V3-1041_May20 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2021-04-26
Impedance; tran_sformed to feed 54.8 O . 190 |5520 . 290
point
Return Loss -26.1 dB -25.0 dB

Page 19 of 114
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DASYS Validation Report for Body TSL

Date: 07.05.2020

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz: Type: D750V 3; Serial: D750V3 - SN:1041

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

Medium parameters used: £ =750 MHz; 6 = 0,96 S/m; & = 35.7: p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.61, 10.61, 10.61) @ 750 MHz; Calibrated: 31.12.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 4.9 (Back). Type: QD 00R P49 AA; Serial: 1005

DASYS52 52.10.4(1527): SEMCAD X 14.6.14(7483)

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

Reference Value = 53.29 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(1 g) = 2.15 W/kg: SAR(10 g) = 1,42 W/kg

Smallest distance from peaks to all points 3 dB below = 16.2 mm
Ratio of SAR at M2 to SAR at M1 =67.3%

Maximum value of SAR (measured) = 2.84 Wikg

-2.00

-4.00

-6.00

-10.00

0dB =2.84 Wikg = 4.54 dBW/kg

Certificate No: D750V3-1041_May20 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data Measured 2021-04-26
Impedance; tran_sformed to feed 50.1 O . 490 | 5090 . 460
point
Return Loss -26.2 dB -26.7 dB
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Calibration report “835 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerland

Accredied by the Swss Accraoitation Service (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
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Service suisse o éalonnage
Servizio svizzero di taratura
Swiss Calibration Sarvice

Accreditation No.: SCS 0108

Cartificate No: DB35V2-4d153_May20

CALIBRATION CERTIFICATE

Objsct

Calbraton procecure(s)

Calbrabon date;

All calbrations hawe been conducted in tha closad lab

DB35V2 - SN:4d153

QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

May 07, 2020

Calbration Equpment used (MATE critical for calbealion)

This calbiration cerficate cocuments (e irsceatilty ta nasonal standards. which realize the physica units of measwemants {S1),
The measurements and the uncartaintias with confidence pratabily are givan on the folowing pages and ara part of tha cenbicate,

y faclity: er tomp & {22 4 31°C and humidity « 70%.

| This calbeation carsficata shall not be repeocuced except in full withowt witien sporaval of tha laboratory

Primary Standards 10 a Cal Date {Comificata No | Schacued Caibration
Power meter NP SN: 104778 01-Apr-20 [No. 217.03100/3101) Apr21
Power sensor NAP-Z91 SN 103244 01-Apr-20 (No. 217-03100) Apr-21
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Natwork Analyzer Agilent ESISEA | SN: US41080477 31-Mar-14 (in house chack Oct-19) in housa check: Oct-20
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Calibration Laboratory of S,

d S S Schweizerischer Kalibrierdienst
Schmid & Partner oS3 o Service suisse détalonnsge
Engineering AG 5 3 Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzeriand G Swiss Calibration Service
il
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement 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) 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:
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 to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Relturn 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 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.

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: D835V2-4d153_May20 Page 2 of B
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 415 0.90 mha/m
Measured Head TSL parameters (22020.2)°C 420+6% 093 mhoim+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 input power 2.41 Whkg
SAR for nominal Head TSL paramelers normalized to 1W 9.43 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condilion
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6,17 W/kg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mhoim
Measured Body TSL parameters (220+0.2)°C 55526 % 0.99 mho/m £+ 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 2.44 Wikg
SAR for nominal Body TSL parameters normalized o 1W 9.62 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.60 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.31 Wikg 2 16.5 % (k=2)
Certificate No: D835V2-4d153_May20 Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 49890 -44iQ

Return Loss -271d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 48.3Q-6.9 |0

Return Loss ~22.9d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1.387 ns |

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

The dipale is made of standard semirigid coaxial cable. The center conductor of the feading line is directly connected to the
second arm of the dipole. The antanna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to 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 Standard

No excessive force must be appled to the dipole arms, because they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data
| Manufactured by | SPEAG |
Certificate No; D835V2-4d153 May20 Page 4 of 8

Page 26 of 114




, cetecom
Test report no.: 1-0719/20-02-11-C advanced

DASYS5 Validation Report for Head TSL

Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2: Serial: D835V2 - SN:4d153

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

Medium parameters used: f = 835 MHz; o = 0.93 S/m; & = 42; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(9.89, 9.89, 9.89) @ 835 MHz; Calibrated: 31.12.2019
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
» DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 62.48 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.56 W/kg

SAR(1 g) = 2.41 W/kg: SAR(10 g) = 1.57T W/kg

Smallest distance from peaks to all points 3 dB below = 16.5 mm

Ratio of SAR at M2 1o SAR at M1 = 67.4%

Maximum value of SAR (measured) = 3,18 Wikg

-2.20
-4.40
6.60
-8.80

-11.00

0dB =3.18 W/kg = 5.02 dBW/kg

Cenificate No: D835V2-4d153_May20 Page5old
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d153
Communication System: UID 0 - CW; Frequency: 835 MHz
Medium parameters used: = 835 MHz; 6 = 0,99 S/m; & = 55.5; p = 1000 kg/m*

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(10.16, 10,16, 10.16) @ 835 MHz; Calibrated: 31.12.2019
e Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019

« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Senal: 1005

DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 58.78 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.61 Wikg

SAR(I g) = 2.44 W/kg: SAR(10 g) = 1.6 W/kg

Smallest distance from peaks to all points 3 dB below = 15.8 mm

Ratio of SAR at M2 to SAR at M1 ~ 67.6%

Maximum value of SAR (measured) = 3.24 Wkg

-2.00
-4.00
-6.00

-10.00

0dB =3.24 Wkg=5.11 dBW/ke

Certificate No; D835V2-4d153_May20 Page 7ol B

Page 29 of 114




, cetecom
Test report no.: 1-0719/20-02-11-C advanced

Impedance Measurement Plot for Body TSL

file Mew Channel Swgep Calibration Trace Scale Marker System Window Help
.-——T—‘*»

I Augs 20 |

Chi:Stut 635 000 MHy = 2 =] <op 15500 GHz
10 00 _ } I | & (1NN ._ 5 f 1
s 00 —————— R — . ‘——?
|5 00 - — #__. = —m——
0 00 i —
15 00 p— - —~— .
20 00 b
L% 0 r—
) 00 Ch ) Mg =120 ” e
Chi Stwt 62500 MHz = #op 102900 GH2
—
Status  CH1: 511 0 | C*1-Port Avg=20Delay LCL
———————
Certificate No: D835V2-4d153_May20 Page 8ol 8

Page 30 of 114




Test report no.: 1-0719/20-02-11-C

cetecom

advanced

4

Calibration report “1750 MHz System validation dipole”
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Calibration Laboratory of S

)
r SR Schweizerischer Kafibricedionst
Schmid & Partner ] 2 Sarvice suisse d'étalonnage
Engineering AG = & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switeatand ",";f_r\\‘\‘ S swiss Calibration Service
Actredind by the Swss Accredtation Service (SAS) Accreditation No.: SCS 0108

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:

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.

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%.

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 |
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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
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Impedance Measurement Plot for Head TSL
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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

Page 37 of 114




Test report no.: 1-0719/20-02-11-C @

cetecom

advanced

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accrediled by the Swiss Accrediation Sarvice (SAS)

Calibration report “1900 MHz System validation dipole”

SNy, % S
S s Kot
M c Service suisse d'étalonnage
L F Servizio svizzero di taraturs
AN S Swiss Calibration Service

Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatorias 1o the EA

Muntilateral Agi

for the gnitl

cient  CTC advanced GmbH

of calibration certificates

Centificate No: D1900V2-5d009_May20

CALIBRATION CERTIFICATE

Object D1900V2 - SN:5d009
Calbrabon procecue(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Caltwaton tate: May 08, 2020
This cal certificata documents tha | bifty %o national standards. which realizs the physical untts of measuremants {S1)
The measuremaents and 1he lies with confidence p ¥ ara given on the folowing pages and ara par of 1he cenficate.
Al caliorations have been canduciad in e closed y faciity: er nt tamperatune (22 + 3)°C and humidty < 70%

Calbraton Equipment uaed (MATE critical for calbration)

Primary Standards DA Cal Date (Canficare No ) Scheduked Cakbeabon

Pawer mater NAP SN: 104778 01-Ape-20 [No. 217-0310003101) Ape-21

Pawer sensar NRP- 291 SN: 103244 D1-Ape20 (No. 217-03100) Apr-21

Power gensor NRP-291 SN: 103245 D1-Ape-20 (No. 21703101 Ape-21

Aeference 20 dB Atanuasar SN BHEG34 (20k) 31-Mar20 (No. 217-03108) Apr21

Type-N mismaich cominalion SN 30se2 £ 05327 31-Mar-20 (No. 217-02108) Ape-21

Aelerencs Prabe EXI0V4 SN 7349 31-Déc-19 [No. EX3:7349_ Dact1®) Dec-20

DAEA SN: 601 27-Doo-19 {No. DAE4-501_Dec19) Cec20

Sacandary Stancaens D Chack Date (n house) Schedules Check

Pawer mater E44188 SN: GE39512476 30.0ct-14 (n howse check Fab-19) In hause chack: 0c1-20

Pawer sensor HF 54314 SN: US3r2a27s3 D7-001-15 (1 hewses check Oct18) In housge chack: Oct-20

Pawer sensor HP 84814 SN: MY41092317 07-0c1-15 (n house chack 001-13) In hause chack: Oct20

AF genarator RAS SMT-05 SN 100672 15-Jun-15 {in house check Oct-18) In house chack: Oct-20

MNetwors Analyzer Agiont EB3S8A | SN: US41080477 31-Mar-14 (n house check Oc1-19) In hause chack: Oct-20
Name Function Sgnature

Calivrated by Jeton Kastrah Laboratory TMBQ\7 [ ;7

Appraved by Katja Pokorde Tachrical Manager

This calibration cestificate shal not ba reproduced except in il vithaut witten approval of the laboratary.

AT

Izsuad May B 2020

Certificate No: D1900V2-5:009_May20
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Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner oo o Service suisse détalonnage
Engineen’ng AG L Servizio svizzero di taratura
Zeughausstrasse 43, BO04 Zurich, Switzerland 2, ,‘ﬁw\* S swiss Calibration Service
Accradited by the Swiss Accredtation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement 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) |EEE Std 1528-2013, “|EEE 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

¢) 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 to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed 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 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.

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: D1900V2-5d008_May20 Page2of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHZz = 1 MMz
Head TSL parameters
The following parameters and calculations were appled
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha'/m
Measured Head TSL parameters (220+02)°C 413+6% 1.40 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 Candition
SAR measured 250 mW input power 9.66 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.04 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 20.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mhe'm
Measured Body TSL parameters (220+0.2)°C 54.1+6% 1.51 mho/m = 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 9.78 Wikg
SAR lor nominal Body TSL parameters normalized to TW 39.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.16 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d009_May20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance. transformed to feed point 50.7Q+29i0

Aeturn Loss -30.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4730+38jQ

Retumn Loss -265dB

General Antenna Parameters and Design

l Electrical Delay (one direction) ] 1.189 ns j

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-cireuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according 10 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 Standard.

No excessive force must be apphed to the dipole arms, bacause they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

[ Manufactured by SPEAG _]

Certificate No: D1900V2-5d009_May20 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009

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

Medium parameters used: = 1900 MHz; 6 = 1.4 S/m; &, = 41.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.6, 8.6, 8.6) @ 1900 MHz; Calibrated: 31.12.2019
» Sepsor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 27.12.2019
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
+ DASY3252.10.4(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=5mm, dy=5mm, dz=5mm

Reference Value = 1077 Vim; Power Drift = 0.02 dB

Pcak SAR (extrapolated) = 18.0 W/kg

SAR(1 g) = 9.66 W/kg; SAR(10 g) = 5.04 W/kg

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

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

Maximum value of SAR (measured) = 15.1 Wikg

-8.00
-12.00
-16.00
-20.00
0dB =151 W/kg = 11.79 dBW/kg
Centificate No: D1900V2-5d009_May20 N Page 5 of 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2021-04-26

Impedance; transformed to feed

\ 507Q + 29jQ |504Q + 29jQ
point

Return Loss -30.6 dB -30.7 dB
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DASYS Validation Report for Body TSL

Date: 08.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009

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

Medium parameters used: [ = 1900 MHz: 6 = 1.51 S/m: & = 54.1; p = 1000 keg/m”
Phantom section; Flat Section

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

DASY352 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(8.42, 8,42, 8.42) @ 1900 MHz; Calibrated: 31.12.2019
» Sensor-Surface: [.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 27.12.2019
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
* DASY5252.10.4(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=Smm

Reference Value = 104.5 V/m: Power Drift = -0.03 dB

Peak SAR (exwrapolated) = 17.2 W/kg

SAR(1 g) = 9.78 W/kg: SAR(10 g) = 5.16 W/kg

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

Ratio of SAR at M2 to SAR at M1 =57.8%

Maximum value of SAR (measured) = 14.8 Wikg

0dB =148 W/kg = 11.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data Measured 2021-04-26

Impedance; transformed to feed

) 47.3 Q + 38jQ | 476 Q + 3.6 jQ
point

Return Loss -26.5 dB -27.1 dB

Page 48 of 114




Test report no.: 1-0719/20-02-11-C

cetecom

advanced

6  Calibration certificate of Data Acquisition Unit (DAE) — SN: 477

Calibration Laboratory of SR,
Schmid & Partner SaST

Engineering AG 3 &
z.ogm?hum ?a. 8004 Zurich, Switzertand ’{/’{2\\’—\\\\‘

Accrediied by the Swiss Accredaaticn Service [SAS)
The Swiss Accreditation Service Is one of the signatories to the EA

. ' A

Schweizeri Kalibr
c Service suisse d'étalonnage
Servizio svizzeeo di tarsturs
S Suiss Calibeation Service

Agr for the gnition of calibration certificates
cliest  CTC advanced GmbH Centificate No: DAE3-477_May21
CALIBRATION CERTIFICATE
Otject DAES - SD 000 D03 AA - SN: 477
Calbeation procecusa(s) QA CAL-06.v30
Calibration procedure for the data acquisition electronics (DAE)

Calibration cate May 11, 2021

This calbeation certdcate documents the traceabity 1o national standasds, which realze the phy

I he measuror and the ur Wit cor

Caleration Equipment used (PASTE crtical for calinration)

urits of anits (S1)
probadiny are grvan on the following pages and are pan of the caaicale

| Al casbragiors hava bean conduelad in the dosad WWborioey faciily mdronenant 1emparium (22 + 3)°C and homidity < 70

Primary Standarda (DA Cal Date {Conficane Noj Schaduled C:
Kaithiry Mustimatar Typa 2001 | SN 0810278 07-569-20 (N0:28847) Sep-21
ry Standards |lIo¥ Chock Date {in house] Scheduled Check
Auto DAE Catbestion Une SE UWS 063 AA 1007 07-Jan-21 (in house checs) In howse check: Jan 22
Calbeator Box V2.1 SE UMS 006 AA 1002 07-Jan-21 (n house check) In house check: Jan272
Name Function Signature
Calbrated by: Daminigua Ste¥an Laboratory Technician ’%
!
Approved by Sven Kihn Daputy Manager

This calbraton certficato shall nol bo repreduend exoapt 0 Al withaut written apgeavai of tha laborstary

Wl

Issued May 11, 2021
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AP s Ischer Kaiib
C‘"an L.bomwry of .\-‘*?\\:f/;'l. . Service suisse d"#alonnage
Schmid & Partner m C Servizio svizzero o tarsturs
Engineering AG ek S Swiss Cambration Service
Zewghaussirasse 43, 8004 Zurich, Swizariand "'-r.,’f,_“_,\..\}?

Accrodnad by the Swmiss Acoreditation Seevice {SAS) Accreduation No,- SCS 0108
The Swisz Accredilation Service Is one of the signatories 1o the EA
Mubtilatersl Agreemant for the recognition of calidration certdicates

cient | CTC advanced GmbH i s [ EX-7635_Jan23 j
e e — — —
Otjec EX3DV4 - SN:7635 l
Caibraron proceduros) QA CAL-01.v10, QA CAL-12¥10, QA CAL-14.v7, QA CAL-23.v6,
QACAL-25v8 ,
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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).
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EX30v4 - SN.7635

January 18, 2023
Parameters of Probe: EX3DV4 - SN:7635
Basic Calibration Parameters
| | SensorX | Senmsory Sensor 2 Une (k =2)
Norm (pw(vrm)’; 075 | 082 0.65 | £10. m
0CP (v 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[ 100 000 | 1.00 | 000 | 1526 | 22.4% | 24.7% |
| Y| 006 000 .—m— "141.9°
.l Z1 000 6.00 T 100 18087
10352 " Puise Wavaiorm (2002, 10%) X| 146 | €037 | 6.04 | 1000 | 800 | 236% | 29.6%
Y12 G | 19.00 | 600 |
TZ| i85 | 614z | @ 600
| 10353 | PLilss Wavalorm (200Hz, 20%) (X1 083 6000 | 476 | 699 | 800 |+20% | <06%
Y1000 | 7208 900 [ 800 |
‘ Z1 1000 | 7200 | 9.0 800 | 1
10354 | Puise Wavelorm (200F1Z. 40%) X1 800 [ 6600 | 5007 308 | 950 | 129% | c06% |
Y 052 | 8000 | 594 I~ 950
Z! 001 | 12200 | 044 950 )
10335 | Puise Wavelorm (200F7, 85%) X1 980 | 15748 | 1444 | 222 | 1200  21.7% | L06%
Y1235 | 13808 | 106 1200
rAN) 15840 | 1282 1200 |
10387 | OPSK Wawekorm, 1MHz X| 051 | 6247 | 1124 | 1.00 | 1500 | =4.2% | 196%
Y| 05 6380 | 1258 150
Z[ 046 | 6232 | 1106 150.0 |
10388 Wavekorm, 10 Mz X| 128 | 6478 |73.18 | 0.00 1500 | £1.0% | +0.6% |
Y T3 6610 | 14027 150.0 |
Z| 1. 6490 | 1285 | 3
6956 | B4-CAM Wavelorm, 100FHz X| 174 | 6492 | 1606 | 301 | 1500 =105 S0
Y 1. 6456 | |5 851 500
27178 654 1506 |
1039 | B4-0AM Wavelorm, 40 Mz X| 276 | 6578 | 14.73' 0.00 | 1500 [ =2.4% | 20.8%
Y27’ 5. 11507 | ™ ‘
v Z] 272 Bh01 | 1478 1500
10414 | WLAN CCDF, 64-0AM, 45 MHz X| 381 €833 1537 | 0.00 150.0 | =40%  29.6%
Y| 387 &'55—. 1548 50,0 | i
Z] 385 14.98 | %o] |
Note: For details on UID parameters see Appendix
The regorted uncartainty of measurement is staled as the standard uncartainty of measurement multipled by the coverage
facior k=2, which far a normal distribution coresponds 10 & coverage probability of approximately 95%.

mmmamxvzmmmnémummm {se Pagos b and 8],
L P amelnr 4 e

’Um«huvﬂﬂlmmmwnolmm- mmmmuﬂmmmwwm:scmm e egaare of the 1050 vidus,
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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
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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.
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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.
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EX30V4 - 8N.7835

Frequancy fesponse (normaized)

08/

Frequency Response of E-Field
(TEM-Cell:Ifi110 EXX, Waveguide:R22)

January 18, 2023

0.7
08
0.5 5
¢ 200 400 600 800 160D 1200 1400 1600 1800 2000 2200 2400 2800
1 [MHz!
» TEM + Ra22
Uncertainty of Freguency Responsa of S-fiakd: £6.3% (k-2)
Certficate No; EX.7635_Jan23 Page 7 of ;?
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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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EX30DV4 - SN:T635
Dynamic Range f{SARpeaq)
(TEM cell, Ty = 1900 MMz}
10% e i
10° | >
g o
3 104 ”
8 ”
@D
-]
i g
|
|
10
10 10" 100 10! 10°
SAR [mWiem3}
= not compensated + compansated
2 -
1
g
E ¢ B - |
w T
-1 ‘ >
1077 10" 100 10! 10%
SAR [mWiem?}
+ not compansated = compensated
Unoertainty of Lingarty Assessment: +06% (kw2
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EX30DV4 - SN:7625 January 18, 2023

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

0g
06
n4
02|

A 50
-0.4|
-aa]
-0.8

p 2

I35-

Deviation

3¢

== ¥ [ceg)
T 1o

130 225 20 ae .o o

X [deq) R

-1 -08 -06 -04 -02 0 02 06 06 08 1
Uncartainty of Spherical Isolrogy Assessment: =2 6% (ke2)
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Calibration report “750 MHz System validation dipole”

Calibration Laboratory of S, S Schweizerischer Kallbrierdienst

Schmid & Partner % Sarvice suisse d'étalonnage
Engineering AG T3 c Servizio svizzero di taraturs

Zeughausatrasse 43, B004 Zurich, Switzarland "r,,,‘ﬁ‘\,\? S Swiss Calibeation Service

Accrediied by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service |5 one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cartificates

Accraditation No.: SCS 0108

cient  CTC advanced GmbH Certificats No: D750V3-1041_May20
|CALIBRATION CERTIFICATE
Qoject D750V3 - SN:1041

Calibeation procedurels)

Calibeation date:

QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

May 07, 2020

This calbeaticn ceficate documents the traceabiity Lo nalicns! stancards, which realze the physical urts of measuramants (S1)

Calbration Equipmant used (MATE criscal for cafibration)

Tha maasuremants and the uncertanties with confidance probabibty & gaven an tha tollcwng pagas and ane par of the certificate.

All cabbralions have been conducted In tha clasad laboratory facity: anvironmernt temperaturs (22 4 3°C and huamidity « 704,

Primary Stardards 0e Cal Dale {Cartificate No. | = Scheoted Calbeation

Powar mesar NRP SN: 104778 01-Apr-20 {Na. 217-0310003101) Agr-21

Power sanscr NAP-291 SN 103244 A1-Apr-20 {Na. 217-03100) Aarzy

Powar sansor NAP-Z91 SN: 103245 01-Apr-20 {No. 217-03107) Apr-21

Raterence 20 U8 Attenuator SN: BHI364 (201) 31-Mar-20 [Na. 217.03106) Apr-21

Typa-N msmatch combination SN: 310902/ pe327 31-Mar-20 [No. 217-03104) Apr-21

Raterance Probe EX30V4 SN: 7349 31-Dec-15 (No. EX2-7249 Dec19) Dec-20

DAE4 SN. 601 27-Dec-15% (No, DAE4-601_Dec18) Oec20

Secondary Standards 08 Chack Date (in hause) _Schevued Choack

Powar meter E44198 SN: GR39512475 30-0¢2-14 (in house chook Feb-19) In house check: Oct-20

Fower sensor HP 84814 SN: US3IT2a2763 07-0c1-15 [in hause chack Oct-18) In housa check: Oct.20

Powur sansor HP B431A SN MY410e2317 07400115 (In house chack Oct-18) In housa check: Oct-20

RF ganeeator RES SMT-06 SN: 100872 15-Jun-15 (n hewse check Oct-18) in house check: Oct-20

Natwork Anatyzes Aglert EB3SEA | SN USA1080477 A1-Mar-14 (In hause chack Oc-19) In housa check: 0420
MName Functien Signatire

Calbrated by: Joton Kasteati Laboratary TMH'W’{

Approwed by Kata Pokovic Technical Manager

Isaued: May 8, 2020

This calbration certficata shall not be repeoduced except n full without wiitten approval of the latoeutary.
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Calibration Laboratory of S, S Schwizerischer Kalibrierdienst

Schmid & Partner pSess Service suisse d'étalonnage
Engineering AG S C sanirio svizzoro i rstrs

Zeughausstrasse 43, 8004 Zurich, Switzertand "/,,,'/"r:?w\3 S swiss Calibration Service

Accredited by the Swiss Accredilation Service [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agr 1 for the gnition 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) |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) |EC 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 to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed 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 Retumn 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.

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: D750V3-1041_May20 Page 2 of B
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advanced
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52104
Extrapolation Advanced Exirapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5Smm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mhoim
Measured Head TSL parameters (22.0+0.2)°'C 42126 % 0.91 mho/im £ 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Congdition
SAR measurad 250 mW input power 214 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.43 Wikg £17.0 % (k=2)
SAR averaged over 10 cm' (10 g) of Head TSL condition
SAR measured 250 mW input power 1.40 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.53 Wikg * 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 56.5 0.96 mha/m
Measured Body TSL parameters (220202)°C 55.7+6% 0.96 mho/m £ 6 %
Body TSL temperature change during test <0.5°C - —_
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 215 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

8.62 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL conditan
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.69 Wikg * 16.5 % (k=2)

Certificale No: D750V3-1041_May20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5480-19|1Q

Return Loss -26.1dB

Antenna Parameters with Body TSL

Impedance, translormed to feed pont S010-49iQ

Retumn Loss -26.2dB

General Antenna Parameters and Design

| Electrical Delay {one direction) | 1.035ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 10 the
second arm of the dipole. The antenna Is therefore short-circuited for DC-signals, On some of the dipales, small end caps
are added to the dipole arms in order to improve matching when leaded according to the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
accerding to the Standard.

No excessive force must be applied o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

manuiaciurod by l SPEAG

Certdicate No: D750V3-1041_May20 Page 4 of B
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DASYS5 Validation Report for Head TSL

Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1041

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

Medium parameters used: f = 750 MHz: o = 0.91 S/m; & = 42.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated: 31.12.2019
¢ Sensor-Surface: 1.4mm {Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 27.12.2019
¢ Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 59.07 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.20 Wrkg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.4 W/kg

Smallest distance from peaks to all points 3 dB below = 17.1 mm

Ratio of SAR at M2 (o SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.85 Wikg

0dB =2.85 W/kg = 4.55 dBW/kg

Centificate No: D750V3-1041_May20 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2021-04-26
Impedance; tran_sformed to feed 54.8 O . 190 |5520 . 290
point
Return Loss -26.1 dB -25.0 dB
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Antenna Parameters with Head TSL

From cal. data Measured 2022-04-21
Impedance; tran_sformed to feed 54.8 O . 190 | 5400 . 040
point
Return Loss -26.1 dB -28.3 dB
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DASYS Validation Report for Body TSL
Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz: Type: D750V3; Serial: D750V3 - SN:1041
Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: f= 750 MHz: 6 = 0,96 S/m: g = 35.7: p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2011)
DASY 52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.61, 10.61, 10.61) (@ 750 MHz; Calibrated: 31.12.2019
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
o DASYS5252.10.4(1527). SEMCAD X 14.6.14(7483)

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

Reference Value = 53.29 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(1 g) = 2.15 W/kg: SAR(10 g) = 1.42 W/kg

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

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

Maximum value of SAR (measured) = 2,84 Wikg

-2.00
-4.00
-6.00
-8.00

-10.00

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

Certificate No: D750V3-1041_May20 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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DASYS Validation Report for Body TSL
Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz: Type: D750V3; Serial: D750V3 - SN:1041
Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: f= 750 MHz: 6 = 0,96 S/m: g = 35.7: p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2011)
DASY 52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.61, 10.61, 10.61) (@ 750 MHz; Calibrated: 31.12.2019
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
o DASYS5252.10.4(1527). SEMCAD X 14.6.14(7483)

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

Reference Value = 53.29 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(1 g) = 2.15 W/kg: SAR(10 g) = 1.42 W/kg

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

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

Maximum value of SAR (measured) = 2,84 Wikg

-2.00
-4.00
-6.00
-8.00

-10.00

0dB =2.84 W/kg = 4.54 dBW/kg
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data Measured 2021-04-26
Impedance; tran_sformed to feed 50.1 O . 490 | 5090 . 460
point
Return Loss -26.2 dB -26.7 dB
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Antenna Parameters with Body TSL

From cal. data Measured 2022-04-21
Impedance; tran_sformed to feed 50.1 O . 490 | 5060 . 35j0
point
Return Loss -26.2 dB -29.1 dB
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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
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Calibration Laboratory of ey Sehweizeischer Kalibrierdi

Schmid & Partner % 2 Service suisse d¥talonnage
Engineering AG g Servizio svizzaro di taratura

Zoughausstrasse 43, 8004 Zurich, Switzertand YN S swiss Callbration Senvice

Accreditod by the Swiss Acoeditation Servce (SAS) Accrediation 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:

s 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, as far 35 not given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapotason
Phantom Madukar Flat Phantom
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
Tempaerature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.97 mho/m
Measured Head TSL parameters {220£02)°C 411+6% 0.96 mhoi/m £ 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 m\W input power 2.69 Wikg
SAR for nominal Head TSL parameters normalized o 1W 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 1o 1W 6.95 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following par, lers and caiculations were 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 <ps5°C - ——
SAR result with Body TSL
| SAR averaged over 1 cm’® (1 g} of Body TSL Condition
SAR measured 250 mW input power 2.77 Wikg
SAR for nominal Body TSL parameters normalized to 1W 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 fer nominal Body TSL parameters normalized 1o 1TW 7.18 Wikg £ 16.5 % (k=2)

Certificate No- DSO0OV2-102_Jan23
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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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10 Calibration report “1750 MHz System validation dipole”

Calibration Laboratory of a0, Sehweizerischar Kafibrierdienst
Schmid & Partner %’G Service suisse d'étalonnage
Engineering AG = Servizio avizzero & taraturn
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,'ﬁ\..\? Swiss Callbration Service
Accradited by the Swiss Accrectiation Service [SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitsteral Agr for the recognition of calibration certificates
ciet  CTC advanced GmbH Cartificate No: D1750V2-1093_May21
ICALIBRATION CERTIFICATE
:"oqocl D1750V2 - SN:1093
Calbeation procedusels) QA CAL-D5.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calkralion date: May 14, 2021

This cait cerfcale Vs the fity 10 national stardards, which roakze the physcal unts of measurements (S1)
The and the Wes with contidencs probabiity sre Given on the loliowng pages and are pant of the cerfcate,
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 Sandarcs {oy Cal Dute (Cersficate No.) Scheduled Calbration
Powee mater NRP SN: 104778 09-Ape-21 (No, 217-03261/00282 Apr22

Power sonsor NRP-Z91 SN: 100244 06-Ape-21 (No. 217.03201) Apr-22

Power sensar NRP-291 SN 106245 CO-Age-21 (No. 217-03292) Apr-22

Refarence 20 dB Attorwtior SN: BHIGO4 (20k) 09-Ape-21 (No. 217-03343) Apr22

Type-N mismalch combination SN: 310882 1 06327 09-Age-21 (No. 217-03344) Apr22

Redomncs Probs EX30VE SN: 7349 28-Doc-20 (No. EX3-7346_Decl20) Dec-21

DAEA SN: 601 02-Nov-20 (No. DAEA-601_Nav2d) Now-21

Seconcary Stardands. D s Check Date (i house) __Scneduiad Chack
Power meter Ea4150 SN. GB39512475 ID-Oct-14 {in house chack Oct-20) In hegse chocx Oct-22
Pows pansor HP 84814 SN: US37292783 07-Cet-15 {in house chack Oct-20) In howse checy. Oct-22
Powes sensar HP 84814 SN MY44082317 07-01-15 (i house check Oct-20% In house checi: Oet-22
RF generator RS SMT-06 SN 00e72 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

Name Function

Sgrabu
Catbesead by Jeton Kastrat Lsboratory Technician S
Appeoved Dy Katia Pakovic Technical Managee %@C

Jssued: May 17, 2021

This caltvation certficate shall not be rep 1 GXCRot 0 Al without whtlen agpwovas of the Y
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Calibration Laboratory of S

)
r SR Schweizerischer Kafibricedionst
Schmid & Partner ] 2 Sarvice suisse d'étalonnage
Engineering AG = & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switeatand ",";f_r\\‘\‘ S swiss Calibration Service
Actredind by the Swss Accredtation Service (SAS) Accreditation No.: SCS 0108

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:

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.

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%.

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
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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

Bl Yiew Channel Sweep Colbration Trace Seale Maker System Window Hep
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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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11 Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of \\Q_\%/f,f g S Kalivrierdi

Schmid & Partner M c Service suisse d'étalonnage
Engineering AG o Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % 4{,}?\_,\3 S Swiss Callbration Service

Accrediled by the Swiss Accradiation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorias 10 the EA

tMuttitateral Ag for the recognition of calibration certificates

cent  CTC advanced GmbH Centificate No: D1900V2-5d009_May20

CALIBRATION CERTIFICATE

Otject D1900V2 - SN:5d009

Calbrabion procecue(s) QA CAL-05.v11
Callbration Procedure for SAR Validation Sources between 0.7-3 GHz

Calbraton date: May 08, 2020

This calbraton ceificata documents tha tracaabilty 1o nasional standards. which realize the physical units of measusmants {S1)
The measuroments and the uncerainties with conlidence probability are given on The fotowing pages and ara par of the cenficass.

All calivrations have been canduciad in e closed y faoiity: e tamperatune (22 + 3)°C and humidty < 70%

Calbraton Equipment used [MATE citical for calbration)

Primary Standards DA Cal Date (Cenficate No.} Scheduled Calbrabion

Pawer mater NAP SN: 104778 O1-Ape-20 (No. 217-0310003101) Ape-21

Pawer sensar NRP-291 SN 103244 D1-Ape20 (No. 217-03100) Apr-21

Paower sensor NRP-291 SN: 103245 D1-Ape-20 (No. 21703101 Ape-21

Aeference 20 dB Aranuasar SN BHEG34 (20k) 231-Mar20 (No. 217-03108) Apr21

Type-N mismaich combinaticn SN: 30682 /05327 31-Mar-20 (No. 217-021048) Ape-21

Aefarencs Probe EXI0V4E SN; 7349 31-Dec-19 [No. EX3,7349 Dact @) Dec-20

OAE4 SN 601 27-Doc-19 {No. DAE4-501_Dec19) Lec20

Sacandary Stancenss D= Cnack Date (n house) Scheduled Check

Power mater E44188 SN: GBE39512475 30.0ct-14 (n house check Fab-19) In hause chack: 0¢1-20

Pawes sensor HF B4514 SN: USar2az2ms3 D7-0¢1-15 (1 howss check Oct-18) In house chack: Oct-20

Pawer sensor HP B481A SN: MY41002317 07-Oct1-15 (n house chack Oc1-13) In hause check: Oct-20

AF genaratar RAS SMT-05 SN 100672 15-Jun-15 {in house check Oct-18) In house chack: Oct-20

Networs Analyzer Agiont EB3IS8A | SN: US41080477 31-Mar-14 (n house check Oct-19) In hause chack: Oct-20
Name Function Sgnature

Calivrated by Jeton Kastrah Laboratory Tecmb‘-Q\7 (4'
Appraved by Kalja Pokonie Tachnical Manager %

Izzuae May B 2020

This calibration cestificate shal not ba reproduced except in ful withaut witten approval of the luk.-umqom

Certificate No: D1900V2-53009_May20 Page 10f 8
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Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner PR C Service suisse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, BOOS Zurich, Switzerland 4, ,‘/,’r:\\\\\w\* S Swiss Calibration Service
Accraditad by the Swiss Accredtation Senica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement 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) |EEE Std 1528-2013, “|EEE 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

¢) 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 to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed 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 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.

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: D1900V2-5d008_May20 Page2af 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHZ = 1 MMz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (220+02)°C 413+6% 1.40 mho/m £ 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 em’ (1 q) of Head TSL Condition
SAR measured 250 mW input power 9.66 Wikg
SAH for nominal Head TSL parameters normalized to 1W 38.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 5.04 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following paramelters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mhe/m
Measured Body TSL parameters (220+0.2)°C 541+6% 1.51 mho/m = 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 9.78 Wikg
SAR for nominal Body TSL parameters normalized to TW 39.4 W/kg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.16 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.7 Wikg = 16.5 % (k=2)

Certficate No: D1900V2-5d009_May20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance. transformed to feed point 50.7Q+2890

Aeturn Loss -30.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4730+38jQ

Retumn Loss -265d8

General Antenna Parameters and Design

| Electrical Delay (one direction) I 1189 ns j

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feading line is directly connected to the
second arm of the dipole. The antenna is therefore shont-cireuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according 10 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 Standard.

No excessive force must be apphed to the dipole arms, because they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
I |

Centificate No: D1900V2-5d009_May20 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 07.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz; 6 = 1.4 S/m; &, =41.3; p = 1000 kg/m'

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.6, 8.6, 8.6) @ 1900 MHz: Calibrated; 31.12.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 27.12.2019
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 PS0O AA; Serial: 1001
+ DASYS5252.10.4(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=3mm, dz=5mm

Reference Value = 107.7 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.0 W/kg

SAR(1 g) = 9.66 W/kg; SAR(10 g) = 5.04 W/kg

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

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

Maximum value of SAR (measured) = 15.1 Wrkg

-8.00
12.00
-16.00
-20.00
0dB = 15.1 Wikg = 11.79 dBW/kg
Centificate No: D1900V2-5d008_May20 a PageSof8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2021-04-26

Impedance; transformed to feed

\ 507Q + 29jQ |504Q + 29jQ
point

Return Loss -30.6 dB -30.7 dB
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Antenna Parameters with Head TSL

From cal. data Measured 2022-04-18

Impedance; transformed to feed

\ 507Q + 29j0 [51.9Q + 20j0
point

Return Loss -30.6 dB -31.4 dB

Page 99 of 114




| _ cetecom
Test report no.: 1-0719/20-02-11-C advanced

DASYS Validation Report for Body TSL

Date: 08.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009

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

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

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

DASYS52 Configuration:
¢ Probe: EX3DV4 - SN7349: ConvF(8.42, 8,42, 8.42) @ 1900 MHz; Calibrated: 31,12.2019
» Sensor-Surface: I.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 27.12.2019
= Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
« DASY5252.10.4(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=5Smm, dy=5mm, dz=5Smm

Reference Value = 104.5 V/m: Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.2 Wikg

SAR(1 g) = 9.78 W/kg: SAR(10 g) = 5.16 W/kg

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

Ratio of SAR at M2 to SAR at M1 =57.8%

Maximum value of SAR {(measured) = 14.8 Wikg

0dB =148 Wikg = 11.70 dBW/kg

Certificate No: D1900V2-5d009_May20 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Body TSL

From cal. data Measured 2021-04-26

Impedance; transformed to feed

) 47.3 Q + 38jQ | 476 Q + 3.6 jQ
point

Return Loss -26.5 dB -27.1 dB
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Antenna Parameters with Body TSL

From cal. data Measured 2022-04-18
Impedance; trsgiifg)rmed to feed 4730 + 380 | 4660Q + 180
Return Loss -26.5 dB -27.9 dB
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12 Calibration certificate of Data Acquisition Unit (DAE) — SN: 413
Calibration Laboratory of S, Schweizerischer Kalibeierdienst
Schmid & Partner % g Sarvice 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 Centificste No: DAE3-413_Jan23
CALIBRATION CERTIFICATE ]
N ——— e — T R =~ S . 5 il e

Copct DAES3 - SD 000 DO3 AA - SN: 413

Caltrntion procedusels) QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

Caliration cate January 17, 2023

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%.

Catipration Equipment used (METE crbical for cafibralion)

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

W\ B:Z(vmf

baund January 17, 2023

This caibration cerificats shall not be reproducod axcept In Tull wahot writien appeoval of the laborazory.
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13 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

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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14 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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15 Application Note System Performance Check

15.1 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.

15.2 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.

Page 108 of 114



advanced

Test report no.: 1-0719/20-02-11-C e Cetecom

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.

15.3 Uncertainty Budget

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

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

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

In the tables below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the IEC/IEEE 62209-1528 standard is given. This uncertainty is
smaller than the expected uncertainty for mobile phone measurements due to the simplified setup
and the symmetric field distribution.

for the 0.3 - 6 GHz range

DASY 5 - Uncertainty Budget for System Validation

Source of Uncertainty | Probability |Divisor] ¢ | ¢ | Standard Uncertainty | 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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15.4 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.

15.5 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.

15.6 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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