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Annex F. Calibration Certificates

ID Device Type/Model Ni?r:it?elzr Manufacturer C(::?ig;s:g?g
0654 E-field Probe EUMMWV2 9366 SPEAG g
0648 DOSimF?rtggeE'ﬁe'd EX3DV4 7465 SPEAG €
0260 DOSimF?rtggeE'ﬁe'd EX3DV4 7325 SPEAG g
1062 6500MHz System D6.5GHZV2 1013 SPEAG =

Validation Dipole

Dipole calibration

According to the KDB 865664 D01, a dipole must be calibrated using a fully validated SAR system according to the
tissue dielectric parameters and SAR probe calibration frequency required for device testing. However, instead of the
typical annual calibration recommended by measurement standards, longer calibration intervals of up to three years
may be considered when it is demonstrated that the SAR target, impedance and return loss of a dipole have remain
stable according to the following requirements.

1. When the most recent return-loss result, measured at least annually, deviates by more than 20% from the
previous measurement (i.e. value in dB x 0.2) or not meeting the required 20 dB minimum return-loss
requirement.

2. When the most recent measurement of the real or imaginary parts of the impedance, measured at least
annually, deviates by more than 5 Q from the previous measurement

Dipole ID #1062
Dipole 6500MHz Head TSL

Return Loss [dB] Impedance [Q] Date
Initial Calibration -24.5 49.4-59]j 2020-08-20
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Accradiled by the Seips Acorediiation Servios [SAS)
The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

ceject EX3DV4 - SN:7465 !

Accraditatien No.: SCS 0108

Certificate No: EX3-T465_Jul20

Calitration procedurs]s) QA CAL-01.v8, QA CAL-14.v6, QA CAL-23.45, QA CAL-25.57
Calibration

pracedure for dosimetric E-field probes

| Catbratinn ale

This cabbretion cerlificate documaents the fracesbdily b nalicnal standards, which realize the pfysical units of measuramants (51
The measurements and the uncertainties with confidence probabiity are given on tha folowing papes arnd are par of the cerdicate,

Al calibralicns have been conducted in ihe closed Inbombary facity; emironment temperature (22 + 31°C and hasmidity < 70%.

Caliration Equpment used [MATE criical far calibrabion)

==

|_'I'n= calbration cerfificals shall not be reproduced soapt infiul wihoul weitien sppraval of the ksboratony

Frimary Zandards 10 Cal Dalm {Certificale Mo Sckaduled Calibration
F'Erﬂrm;_ltﬂrﬂHF' SN 147FTE 01 Apr-30 (Ho, 2170310003101 Apr-21
Fwer gemaor NRP-281 SM: 103244 O1-Apr-20 (Mo, 217-03100) Apr-21
Frraer sensor NRP-Z41 BM: 103245 LA =Agpr-20 (Mo, 297-03101) | Apr-21
Ralerence 20 o Attenualor SM: CE2552 (20w H-Mar-30 (o, 217-03106) | Apr-21 ==
DWLEd SH: Bl 2T=Diec=18 {Ma. Eth_i—EE[I-_DeﬂE] Dec-20
Ralpramca Frobe ES30VE Sh: 3013 31-Dac-18 (Mo, ES3-3013_Dec19) Dipc-20
| Secondary Standards iD Crisck Date {in hausa) Sehuuled Check
| Power mﬂtlLEd—"BE Sh GBE413508T4 QE-Apr- 14 {in house check Jun-20) In house check: Jun-22
| Powar sonsor E44124 SN MY4149B087 O6-Apr-15 (in bouse check Jun-20) Iny howise check! Jun-22
Power sensor E43124 S Q00110210 : Di-Apr-18 (in house check Jun-20) I house chack: Jun-23
RF genprator HF 36480 28 US3642001 700 O&-Aug-59 [in housa check Jun-20) Inhouse chedc Jun-22
Mabwork Arnalymer ERISHA Sh: US4 1080477 31-Mar-14 {in bouse sheck Ogl=149) Im oess chieck: O-20
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Calibration Laboratory of

§  Schweizerischer Kalibrierdiens:
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG 5 Servizio svizzoro di taratura
Zeughaussirasse 43, 8004 Zurich, Switzeriand Swiss Calibration Sarvice
Accrediled by the Swiss Acaredtation Servce [SAS) Accraditation Na,; SCS 0108
The Swiss Accreditation Service is one of the signatones o the EA
Multilateral Agresment far the recognition of calibration centificatos
Glossary:
TaL tissue simulating liquid
NORMz, v.z sensitivity in free space
ConvF sensitivity in TSL / MOREMx v,z
DGR diode compression point
CF crast factor (1/duty_cyole) of the BF signal
ACB G D modulation dependent Enearizalion parametars
Polarization p o rodalion around probe axis
Paolarization & & rofation arcund an axis that is in the plane normal 1o probe axis (al measurement cenber),
Le,, & =0 iz normal o probe axis
Cannector Angle information used in DASY system to align probe sengor X 1o the robal coordinale system

Calibration is Performed According to the Following Standards:

a)

el
£)

d)

IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-fveraged Specific
Abzorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

IEC 82208-1, ", *Measurement procedure for the assessmant of Specific Absorplion Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)", July 2(H&

IEC B2208-2, "Procedure to determine the Specific Absorplion Rale [SAR) for wireless communicalion devices
used in cloge proximity to the human body (frequency range of 30 MHz 1o 5 GHz)", March 2010

KDB BE5664, “5AR Measurement Requirements for 100 MHz fo & GHz"

Meihn-ds Applied and Interpretation of Farameters:

NORM .z Assessed for E-field polarization & = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 wa-.-uguu:la]
NORMzx, v,z are only intermediate values, ie., the uncertainties of NORMx,y,z does not affect the E*-feld
uncertainty inslde TSL (see balow ConvF).

NORMNx w2 = NORME v,z * frequency_response (see Fragquency Response Chart). This Enearization is
imtplemented in DASY4 software versions later than 4.2, The uncertainty of the frequancy response is included
in tha stated uncertainty of ComaF,

DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required). DEP does nol depend on frequency nor meadia.

FAR PAR i3 the Peak to Average Ralio that is not calibealed but determined based on the signal
charactenstcs

Axy.z Bry.z Cay.z Oz VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specfic modulation sigral. The parameters do not depend on frequency nor
media, ViR B the maxmum caiibration range expressed in BMS voltage across the dioda.

Conv amd Bowndary Effect Paramelers: Asseszed in fiat phantom using E-field [or Temperature Transfer
Standard for f < B00 MHz) and inside waveguide using analytical field distributions based on powar
measurements for f = B00 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (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 comesponds
to MORMx, .z * ComeF whereby the uncerainiy comesponds to thal given for ConvF, & frequency dependent
ConvF iz used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz o+ 100
MHz

Spferical isolfopy (30 deviation from iscfropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna.

Sensar Offzet. The sensor offeel coresponds to the offset of virtual measurement cemter from the probe tip
jan probe axis). Mo olerance required.

Connector Anghe: The anghe is assessad using the informabion gained by determining the MORMx {no
uncarainty requirsd).

Certificate Mo: EX3-T465_Jul2) Pega 2 of 23





EX3DVY — BN 7465 Jduly 24, 2020
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Basic Calibration Parameters

1118 Sensor X Sensor Y Sensor £ Une (k=2)
Norm [|.l'-.-'4r'ur.rm].‘]JIL 0.48 0.52 0.61 + 101 %
DCP {mV) 100.2 g2 886

Calibration Results for Modulation Response

[UID | Communicatien System Name A B [ 7] VR Max Max |
dB | dBV dB mv dev. Unc®
(k=2) |
i CW | X | 000 | 00D | 100 | OO0 | 1568 | £33% | 247 %
Y | 000 | 000 | 1.00 1685
- Z | 600 | 000 | 100 1549
10352- | Pulse Waveform (200Hz, 10%) X | 2000 | 8547 | 1827 | 1000 | BO0 | *30% | +96 %
ARA Y| 22 | 6529 | 675 | 800
Z | 561 | 7477 | 14.13 B0.0
10353- | Pulse Waveform [200Hz, 20%) % | 2000 | 8270 | 1957 | 699 | 800 | t27% | 96 %
AAA Y | 148 | 64.44 | 857 | B0
- Z | 2600 | 8782 | 16.05 0.0
10354 | Pulse Wavelonm (200Hz, 407 X | 2000 [ 10209 [ 2258 | 308 | 9650 | £14% | t06%
A, | % | 142 | 6740 | 018 85.0
, " Z | 2000 | 9168 | 1751 85 1)
10355- | Pulse Waveform (200Hz, 80%) | X | 2000 | 11578 | 27.50 | 222 | 1200 | 2009% | 2965
ARA Y | 2000 | 8908 | 1523 | 120.0 -
B, Z | 2000 | 9607 | 18.53 1200
10387- | QPSK Waveform, 1 MHz X | 168 | 6566 | 1489 100 | 1500 | =1.7% | z06%
AR Y | 174 | 6639 | 15.27 50,0 .
Z | 171 | 6594 | 1488 150.0
10388-  QFSK Wavelorm, 10 MHz X | 297 | B724 | 1563 | OO0 | 1500 | £11% | £08%
AR %Y | 330 [ 6818 | 1585 1500 |
Z | 726 | 67,84 | 1558 150.0
10386~ | 64-QAN Wavelorm. 100 kHz x| 231 | 8626 | 1697 | 301 | 1500 | £11% | 206%
AAA Y | 283 | 7024 | 18.7% 150.0
i Z | 279 | 6960 | 18.29 50.0
10383~ | B4-0AM Wavelorm, 40 MHz X | 348 | 8675 | 15638 | 000 500 | *08% | 296 %
ARA Y | 380 | 67.30 | 1594 150.0
i) Z | 342 | 6650 | 1542 150.0
10414- | WLAN CCDF, 64-0AM, 40MHz X | 485 [ 8543 | 1540 | 000 | 1500 | 14 % | t06%
AL ¥ | 477 | 6518 | 15.34 150.0 |
Z | 480 | 6529 | 1530 150.0_|

Mole: For :iataﬂs on U0 paramaters see Appandic

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 correspands to a coverage
probability of approximately 95%.

- Tha uncertainties of Nomm XY ,Z do not affect the E*-flald uncertainty inside TEL (z04 Frages 5, & and T},

" Numerial Enearization parameter: wnoerainty nof requinsd,

¥ Uncertainty is determined using the max. deviafan from inear response apphing rectangular disrioution and & espressad for The square of the
hield value.

Cartificate Mo: EX3-7485_Jul20 Pege 3af 23





EX3DVd— SN T465

July 24, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Sensor Model Parameters

] c2 a T T2 T3 T4 s | T
fF 1F ol meM* [ meV ms i e
x 441 332.08 | 36.06 B.32 0.00 5.02 0.02 033 1.00
I 453 | 33920 | 3575 B.65 0.00 4.96 1.44 0.14 1.01
2 462 | 34144 | 3481 7.66 0.00 5.00 0.26 023 1.071
Other Probe Parameters
Sensor Arrangement Triangular
| Connector Angle {7} 048
Mechanical Surface Delection Mode enabled
Optical Surface Deteclion Mode disabled
. Probe Overall Lengih 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
| Tip Diametar 25mm
"Probe Tip to Sensor X Calibration Poant Tmm |
| Prabe Tip to Sensar ¥ Calibrabion Point 1 mm
| Probe Tip to Sensor Z Calibeation Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Mote: Measurement distance from surface can be increased to 3-4 mm for an Ares Scan job.

Cenificate Moo EX3-T465_Jul20

Pane 4 of 23





EXADME— SN T4ES July 24, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® | Unc

f(MHz}" | Pormittivity” {s/m)* ConvF X | ConvFY | ConvFZ _ Alpha® . {mm) (k=2)
750 41.0 0.89 1000 | 1000 | 1000 | 032 | 108 | +120%
B35 41.5 0.80 956 | 956 0.58 0.44 080 | £120%
900 | 415 0.97 a7 | ag7 9.37 042 | 088 | £120%
1750 40,1 1.37 8.30 B.30 B.30 0.35 087 | +120%

1800 40.0 1.40 8.02 8.02 B8.02 (.33 087 | +120% |

2000 40.0 1.40 7.94 Tod | 704 0.35 087 | +120%
2300 39.5 1.87 7.79 7.78 7.79 0.37 090 | +120%
| 2450 39.2 1.80 744 7.44 744 | 036 | 090 | #120%
2600 39.0 1.96 T.26 7i2h 7.28 041 090 | £120%
5200 36.0 4.66 5.38 5.38 5,38 0.40 180 | $14.0%
5300 359 4.76 5.27 5.27 5.27 0.40 1.80 | £140%
5500 35.5 4.96 4.70 4.79 4.79 0.40 1.80 | +14.0%
| 5600 355 5.07 4.70 4.70 4.70 0.40 180 | #140%
5800 | 35.3 527 4.85 4.85 4.85 0.40 1.80 +14.0%

© Freguency vabdiy abowe 300 MHz of + 100 MHz only spofes for DASY wi.d ard higher [ses Fage 2}, alse il i reeircied o £ 50 MHz. The
uratainty is the B35 of the ComvF uncertainty st calbration freguency and the uncerfainty far the indizated frequency bend. Frequendy validity
Bedine 300 MHz = 4 10, 25,40, 50 and 70 MHz Tor Come asqeasments af 30, 84, 128, 150 and 220 MHz respectively, Vakdity of ConvF assessed al
6 MHZ iz 4-8 Mz, and Cort sesessed 6l 13 MHE is 918 MHz: Above § GHz froguency validily can be sxdended i+ 110 MHz

" At frequencies up 1o 6 GHz. the valdity of lissue parsmeters (¢ and =) can be relaxed (o & 10% # liquid compensation formula is sopied 1o
maasured SAR values. The unoerainty is tha RS5 of the ConvF uncersinly for indcaied larget fssue paramsiers

" Alpha'Depth are delermined during calibration. SFEAG warranis thai the remaining deviadion dus to tha boundary effect afer compensation =
Alwarys Jess than £ 1% for Fequarcies balow 3 GHz and betow + 2% far frequencies behwonn 35 GHz af any distance leeger than hadl ihe probe Bo
diameler from the boundary

Certificate No: EX3-7465_Jul20 FPepe 5af 23





EXAD0a-— BN:T465

dJuly 24, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7465

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

1iMHz)® | Permittivity " iSim) "~ ConmvFX | ConvFY | ComfZ | Alpha® |  (mmj} {k=2)
750 55.5 0.96 8.90 5.80 9.90 0.37 085 | +120%
B35 55.2 0.97 9.62 9.62 962 | 045 080 | +120%
800 55.0 1.05 9.51 5.51 951 | o046 | 080 | £120%
1750 53.4 1.49 5.18 B.19 819 | 042 | 087 | +120%
1800 53.3 1.52 7.87 7.87 7.87 0.40 067 | £120%
2000 53.3 1.52 7.79 778 778 0.39 DB7 | #120%
2300 52.0 1.81 7.7 777 777 0.43 080 | £120%
2450 52.7 1.95 7.67 T.67 7.67 0.37 083 | +120%
2600 52.5 2.16 746 746 7.46 0.33 083 | +120%
5200 49.0 5.30 480 4.90 4.90 0.50 1890 | +14.0%
5300 48.9 5.42 475 4.75 4.75 0.50 190 | +140%
5500 485 5.65 4.33 4.33 4.33 0.50 1.90 | £140%
| 5600 48.5 5.77 4.15 4.15 4.15 0.50 1.80 | +140%
5R00 4.2 6.00 4.20 4.20 4.20 gsd: | 180 | £14.0%

© Frequency validiy above 300 MHz of + 100 MHz only sppbes for DASY w4 and higher (560 Page 2), sfse & = restricted b £ 50 MHz. The
uncatainly it the R3S of the ComvF uncerainty ot calibratian freguency and the uncersinty for the indicated frequency band. Frequency valoty
Dederat 300 MHEz & 2 10, 25, 40, 50 and 70 MHz for CornF assessments a1 30, B4, 128, 150°and 220 MHz respecively. Vakdiy of ConvF assessed al

B MHz is 4-9 MMz, and Cornf sesesced 62 13 MHE is 0-12 MHz. Abowe § GHz freguancy walidily can be extended 1o + 110 MHz

" A frequencies up o 8 GHz. the vakdity of tisswe parametens (c and o) can be relaxed 1o & 10% I liquid compansation formula is anplied o

maasured SAR values. The tnosdainty is tha B55 of the ConvF urssrtary for indicated 1anget Tssus paramelers.

“ Alpha'Dapth re determened curing calibralion, SFEAG wasrants that the remaEning ceviation due ko tha bourdary affest afer
Alwanys fess than & 1% for frequoncies balow 3 GHz and belew & 2% for frequencios between 3-6 GHz at any ditance lamger than kal the probe fip
diamseter from the boundary

ool

Cefificate No: EX3-T465_Jul20
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EXIOVA- SH:T465 Juy 24,2000

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3940

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivily Depth” | Unc
f(MHz)® | Permittivity® [Sim)" | ConvEX | ConvFY | ConvFZ | Alpha® | [mm] | (k=2)
B500 | 345 6.07 550 | 550 550 | 015 | 250 | :186%

_ Calibration procedure for réquencies above B GHz @ pending acoredsation. Fraguancy validity above SGHz i + 700 MHz. The uncerainty is e
R3S of the ConvF uncedsinty at cafbration frequency and the uncerainty for the indicated Ireguency band

" At frequences 610 GHz, e VElHY of listue paramaters (& 8nd m) can be nelaxod io £ 10% if iguid compensation formula & appied 1o measursd
SAR vaiues. The uncenainty is the RSS of tha CamF uncartainty for indicated targat fissus pansmeters.

© AiphaDepth am determined during calbratian. SPEAG warrants that tha remaining deviation due o the boundary effect Blar compensatian is
aksays less than + 1% for frequancies below 3 GHEz; below £ 2% for Fequencies Debaean 3.6 GHz: and bakow + 43 for freguencies batwaen 6-10
(3Hz at any distance larger than half the probe tip cameter from fhe boundary.

Cartificate No: EX3-7465_Jul20 Paga 7 of 23





EX30W4- SN-T485 Jduly 24, 2020

Freguency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)

Cerlificale Mo: EX3-T465_ 20 Page 8of 23





EX2DV4- SN.T485 duby 24, 2030

Receiving Pattern (¢), 8 = 0°

=600 MHz. TEM =1800 MHz.R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SH:T465 duly 24, 2050

Dynamic Range f(SAR..q)

(TEM cell , f,yo= 1900 MHz)

Input Signal [uy]
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SAR [m\Wem) e
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nck compensatzd coimpansalsd

Uncertainty of Linearity Assessmont: £ 0.6% (k=2}

Coerificate Mo: EX3-T465_Jul>0 Page 10 of 23





EXIDV4- SNT465

July 24, 2020

Conversion Factor Assessment

f= 800 MHZWGLS RS (H_comF) F= 1750 MHz. WGLS R2Z2 {H _comfj

|
L] L]

Deviaiion from isotropy in Liquid
Error (¢, 8), f = 900 MHz

o [ -]
1 e

Chayuatiain

Lbbsbdbo
e T Y [

=10 -8 08 -4 02

0.0
Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2

82 04 06 OB 1.4
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Calibration Laboratory of Q\‘g/, I
g S s “""""‘Iq,Q § Schweizerischer Kalibrierdienst
Schmid & Partner SNk [ C Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland TN e/ S suiss caibration Service
q"a'l | u\“\‘
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

cur WolCoporstionSAS

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Aftenuator SN: CC2552 (20x) 31-Mar-20 (No. 217-03106) Apr-21

DAE4 SN: 660 27-Dec-19 (No. DAE4-660_Dec19) Dec-20

Reference Probe ES3DV2 SN: 3013 31-Dec-19 (No. ES3-3013_Dec19) Dec-20

Secondary Standards 1D Check Date (in house) Scheduled Check

Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-20) In house check: Jun-22

RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-20) In house check: Jun-22

Network Analyzer EB358A SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21
Name Function Signature

Approved by:

Issued: December 15, 2020

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: EX3-7325_Dec20 Page 1 of 24





Calibration Laboratory of SO S Schweizerischer Kalibrierdienst
Schmid & Partner iﬁ c Service suisse d'étalonnage
Engineering AG BN S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % Aﬁ\‘,\? Swiss Calibration Service
el W™
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
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A,B,C,D modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 9 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e.,, 8 =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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
Technigues”, June 2013

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

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

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMSXx,y,z are only intermediate values, i.e., the uncertainties of NORMYXx,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax.y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (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 assessment of the parameters applied for
boundary compensation (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 NORMx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required). .
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EX3DV4 — SN:7325 December 15, 2020
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7325

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)9)* 0.47 0.54 0.44 +10.1%
DCP (mV)" 103.1 98.4 104.4
Calibration Results for Modulation Response
uiD Communication System Name A B Cc D VR Max Max
dB | dBVuv dB mv dev. Unc®
(k=2)
0 CW X | 0.00 0.00 1.00 000 | 1325 | +35% | +4.7 %
Y | 0.00 0.00 1.00 129.8
Z | 0.0 0.00 1.00 1315
10352- Pulse Waveform (200Hz, 10%) X | 20.00 [ 90.55 | 20.62 | 10.00 | 60.0 | +3.0% | 9.6 %
AAA Y | 2000 [ 94.11 | 2331 60.0
Z | 2000 | 9220 | 21.78 60.0
10353- | Pulse Waveform (200Hz, 20%) X | 20.00 | 91.14 | 19.68 | 6.99 800 | £16% | £96%
AAA Y | 20.00 [ 95.19 | 22.86 80.0
Z | 20.00 | 9336 | 21.12 80.0
10354- Pulse Waveform (200Hz, 40%) X | 2000 | 93.38 | 19.39 | 3.98 950 [ £10% | +t96%
AAA Y | 20.00 [ 100.18 | 24.01 95.0
Z | 20.00 | 96.72 | 21.32 95.0
10355- | Pulse Waveform (200Hz, 60%) X | 2000 | 9768 | 2024 | 222 | 1200 | +10% | 96 %
AAA Y | 2000 | 10336 | 24.23 120.0
Z | 2000 [ 10272 | 22.88 120.0
10387- QPSK Waveform, 1 MHz X | 160 | 6582 | 1454 | 100 | 150.0 | +16% | 96 %
AAA Y | 189 [ 6763 | 16.11 150.0
Z | 169 | 66.51 | 15.10 150.0
10388- | QPSK Waveform, 10 MHz X | 211 | 67.24 | 1525 | 000 | 1500 | +1.0% | 96 %
AAA Y | 255 [ 70.07 | 16.86 150.0
Z | 223 | e8.11 | 15.78 150.0
10396- | 64-QAM Waveform, 100 kHz X | 269 | 69.34 | 18.06 | 3.01 1500 [ *06% | x96%
AAA Y | 417 | 7669 | 21.62 150.0
Z | 285 | 70.71 | 18.86 150.0
10399- 64-QAM Waveform, 40 MHz X | 329 | 66.19 [ 1520 | 0.00 | 1500 | +08% | +96 %
AAA Y | 360 | 67.56 | 16.09 150.0
Z | 338 | e6.64 | 15.50 150.0
10414- | WLAN CCDF, 64-QAM, 40MHz X | 464 | 6513 | 1514 | 000 | 1500 | £1.7% | 296 %
AAA Y | 493 | 6577 | 1564 150.0
Z | 472 6534 | 15.31 150.0

Note: For details on UID parameters see Appendix

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%.

* The uncertainties of Norm X,Y.Z do not affect the E-field uncertainty inside TSL (see Pages 5, 6 and 7).
Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- SN:7325

December 15, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7325

Sensor Model Parameters

C1 Cc2 o T T2 T3 T4 T5 T6
fF fF V- ms.V™ ms.V™! ms =2 '
X 39.5 285.72 33.61 12.42 0.45 5.02 1.18 0.16 1.01
Y 50.0 366.54 34.50 25.03 0.40 5.10 1.94 0.18 1.01
Z 41.8 302.92 33.77 13.40 0.50 5.04 1.36 0.13 1.01
Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (°) -121.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Note: Measurement distance from surface can be increased to 3-4 mm for an Area Scan job.
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EX3DV4- SN:7325 December 15, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7325

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth© Unc

f(MHz)® | Permittivity" (sim)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
2450 39.2 1.80 7.63 7.63 7.63 0.38 0.80 +12.0%
5200 36.0 4.66 5.23 5.23 5.23 0.40 1.80 +14.0 %
5300 35.9 4.76 5.11 5.11 5.1 0.40 1.80 +14.0%
5500 35.6 4.96 4.78 4.78 4.78 0.40 1.80 +14.0 %
5600 35.5 5.07 4.63 4.63 4.63 0.40 1.80 +14.0 %
5800 35.3 527 4.65 4.65 4.65 0.40 1.80 +14.0%

g Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at
6 MHz is 4-9 MHz, and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validity can be extended to + 110 MHz.

F At frequencies up to 6 GHz, the validity of tissue parameters (s and ) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4— SN:7325 December 15, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7325

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unc

f(MHz)® | Permittivity" (Stm)F ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
2450 52.7 1.95 7.85 7.85 7.85 0.32 0.80 +12.0%
5200 49.0 5.30 4.49 4.49 4.49 0.50 1.90 +14.0 %
5300 48.9 5.42 4.34 4.34 4.34 0.50 1.90 +14.0%
5500 48.6 5.65 4.00 4.00 4.00 0.50 1.90 +14.0 %
5600 48.5 5.77 3.85 3.85 3.85 0.50 1.90 +14.0%
5800 48.2 6.00 3.82 3.82 3.82 0.50 1.90 +14.0%

€ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at
6 MHz is 4-8 MHz, and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validity can be extended to + 110 MHz.

F At frequencies up to 6 GHz, the val idity of tissue parameters (e and &) can be relaxed to * 10% if liquid compensation formula is applied to
measured SAR values. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

S Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:7325 December 15, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7325

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc
f(MH2)® | Permittivity " (sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
6500 34.5 6.07 5.35 5.35 5.35 0.20 2.50 +18.6 %

© Frequency validity above 6GHz is + 700 MHz. The uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for
the indicated frequency band.

F At frequencies 6-10 GHz, the validity of tissue parameters (g and o) can be relaxed to + 10% if liquid compensation formula is applied to measured
SAR values. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz; below % 2% for frequencies between 3-6 GHz; and below + 4% for frequencies between 6-10
GHz at any distance larger than half the probe tip diameter from the boundary.
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December 15, 2020
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field:  6.3% (k=2)
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Receiving Pattern (¢), 8 = 0°
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SAReaq)

(TEM cell , foya= 1900 MHz)

December 15, 2020

105

104-...“‘. an

Input Signal [uV]

103

102

10°

Error [¢B]
# "

*

i
102

>
10° 101 102

SAR [mWicm3]

101

(®]
not compensated compensated

o
L

pidipenddad g wchnis
by, Aghapspt i
il e~
3 SAEH

Y

103

10-1 100 101 102
SAR [mW/cm3]
(o]

not compensated compeansated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

103

108

Certificate No: EX3-7325_Dec20

Page 10 of 24





EX3DV4- SN:7325 December 15, 2020

Conversion Factor Assessment

f= 2450 MHz, WGLS R22 (H_convF) f= 2450 MHz, WGLS R22 (M_convF)
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Object

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)
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W
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S
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S

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7405 29-Jun-20 (No. EX3-7405_Jun20) Jun-21

DAE4 SN: 908 14-Aug-20 (No. DAE4-908_Aug20) Aug-21

Secondary Standards ID # Check Date (in house) Scheduled Check

Power sensor R&S NRP33T SN: 100967 17-Oct-16 (in house check Dec-18) In house check: Dec-21

RF generator Anapico APSIN20G | SN: 669 28-Mar-17 (in house check Dec-18) In house check: Dec-21

Network Analyzer R&S ZVL13 SN: 101093 10-May-12 (in house check Dec-18) In house check: Dec-21
Name Function Signature

Calibrated by:

Approved by:

Issued: September 28, 2020
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Engineering AG T3
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S  Sswiss Calibration Service

Accreditation No.: SCS 0108

Glossary:

T8l 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) |EC/IEEE 62209-1528 ED1, “Measurement procedure for the assessment of specific

absorption rate of human exposure to radio frequency fields from hand-held and body-worn
wireless communication devices - Part 1528: Human models, instrumentation and
procedures (Frequency range of 4 MHz to 10 GHz)”, draft 2019

Additional Documentation:
b) DASY6 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.

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%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASY6 V6.14
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 5mm with Spacer

Zoom Scan Resolution

dx, dy =3.4 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

6500 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 345 6.07 mho/m
Measured Head TSL parameters (22.0£0.2) °C 348+6% 6.30 mho/m +£6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 29.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

291 W/kg = 24.7 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 5.38 W/kg
SAR for nominal Head TSL parameters normalized to 1W 53.8 W/kg = 24.4 % (k=2)

Certificate No: D6.5GHzV2-1013 Sep20

Page 3 of 6






Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

49.40Q-59jQ

Return Loss

-245dB

General Antenna Parameters and Design
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 semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to 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 applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D6.5GHzV2-1013 Sep20
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DASY6 Validation Report for Head TSL

Measurement Report for D6.5GHz-1013, UID 0 -, Channel 6500 (6500.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm] IMEI DUT Type
D6.5GHz 16.0 x 6.0 x 300.0 SN: 1013 =
Exposure Conditions
Phantom Position, Test Band Group, Frequency Conversion TSL Cond. TSL
Section, TSL Distance uiD [MHz] Factor [S/m] Permittivity
[mm]
Flat, HSL 5.00 Band cw, 6500 5.75 6.30 34.8

Hardware Setup
Phantom TSL
MFP V8.0 Center - 1182 HBBL600-10000V6

Scan Setup

Zoom Scan
Grid Extents [mm] 22.0x22.0x22.0
Grid Steps [mm] 34x34x14
Sensar Surface [mm] 1.4
Graded Grid Yes
Grading Ratio 1.4
MAIA N/A
Surface Detection VMS + 6p
Scan Method Measured

Probe, Calibration Date
EX3DV4 - SN7405, 2020-06-29

DAE, Calibration Date
DAE4 Sn908, 2020-08-14

Measurement Results

Zoom Scan
Date 2020-09-25, 16:27
psSAR1g [W/Kg] 29.1
psSAR10g [W/Kg] 5.38
Power Drift [dB] -0.01
Power Scaling Disabled
Scaling Factor [dB]
TSL Correction Enabled
M2/M1 [%] 50.1
Dist 3dB Peak [mm] 4.8

Certificate No: D6.5GHzV2-1013 Sep20
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of S, — Schwelzerischer Kalibrierdienst
=Y }-‘ f

i SN S
Schmid & Partner C Service sulsse d'étalonnage
Engineering AG Z = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland AN \ e A S swiss Calibration Service
';"f ki |“‘\‘
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

Client

Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 09-Apr-21 (No. 217-03291/0282) Apr-22

Power sensor NRP-Z91 SN: 103244 09-Apr-21 (No. 217-03291) Apr-22

Power sensor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03292) Apr-22

Reference 20 dB Attenuator SN: CC2552 (20x) 09-Apr-21 (No. 217-03343) Apr-22

Reference Probe ER3DVE SN: 2328 05-Oct-20 (No. ER3-2328_0Oct20) Oct-21

DAE4 SN: 789 23-Dec-20 (No. DAE4-789_Dec20) Dec-21

Secondary Standards 1D Check Date (in house) Scheduled Check

Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-20) In house check: Jun-22

RF generator HP 8648C SN: US3642U01700 04-Aug-89 (in house check Jun-20) In house check: Jun-22

Network Analyzer EB358A SN; US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21
Name Function Signature

Calibrated by:

Approved by:

Issued: May 21, 2021

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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:

NORMx,y,z sensitivity in free space

DCP diode compression point

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

A,B,C,D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 3 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X fo the robot coordinate system

Sensor Angles sensor deviation from the probe axis, used to calculate the field orientation and polarization

k is the wave propagation direction

Calibration is Performed According to the Following Standards:
a) IEEE Std 1309-2005, "IEEE Standard for calibration of electromagnetic field sensors and probes, excluding

antennas, from 9 kHz to 40 GHz", December 2005

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 for XY sensors and 9 = 90 for Z sensor (f < 900 MHz in
TEM-cell; f> 1800 MHz: R22 waveguide). For frequencies > 6 GHz, the far field in front of waveguide horn
antennas is measured for a set of frequencies in various waveguide bands up to 110 GHz.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

The frequency sensor model parameters are determined prior to calibration based on a frequency sweep
(sensor model involving resistors R, Ry, inductance L and capacitors C, Cp)-

Ax,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

Sensor Offset: The sensor offset corresponds to the mechanical from the probe tip (on probe axis). No
tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Equivalent Sensor Angle: The two probe sensors are mounted in the same plane at different angles. The
angles are assessed using the information gained by determining the NORMx (no uncertainty required).

Spherical isotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
waveguide / horn setup.
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DASY - Parameters of Probe: EUmMmWV3 - SN:9366

Basic Calibration Parameters

Sensor X Sensor Y Unc (k=2)
Norm (uV/(V/im ) 0.02161 0.02783 +101%
DCP (mV) 105.1 103.0
Equivalent Sensor Angle -57.8 31.8

Calibration results for Frequency Response (750 MHz — 110 GHz2)

Frequency | Target E-Field Deviation Sensor X Deviation Sensor Y Unc (k=2)
GHz Vim dB dB dB
0.75 77.2 0.01 0.22 +0.43 dB
1.8 140.4 0.09 0.16 +0.43 dB
2 133.0 0.07 0.11 +0.43 dB
2.2 124.8 0.07 0.06 +0.43 dB
2.5 123.0 -0.07 -0.12 +0.43 dB
3.5 256.2 0.02 -0.17 +0.43 dB
3.7 249.8 0.00 -0.23 +0.43 dB
6.6 41.8 0.59 0.44 +0.98 dB
8 48.4 -0.01 -0.17 +0.98 dB
10 54.4 -0.04 0.02 +0.98 dB
15 71.5 -0.16 -0.50 +0.98 dB
18 85.3 0.02 0.18 +0.98 dB
26.6 96.9 -0.10 0.00 +0.98 dB
30 92.6 0.06 0.05 +0.98 dB
35 93.7 -0.14 -0.01 +0.98 dB
40 91.5 -0.15 -0.25 +0.98 dB
50 19.6 0.02 0.08 +0.98 dB
55 224 0.72 0.39 +0.98 dB
60 23.0 0.00 0.01 +0.98 dB
65 27.4 -0.33 -0.22 +0.98 dB
70 23.9 -0.01 -0.30 +0.98 dB
75 20.0 -0.27 -0.18 +0.98 dB
75 14.8 -0.29 -0.18 +0.98 dB
80 22.5 0.04 0.18 +0.98 dB
85 22.8 0.37 0.09 +0.98 dB
90 23.8 0.07 0.11 +0.98 dB
92 23.9 0.03 -0.18 +0.98 dB
95 20.5 -0.36 -0.32 +0.98 dB
97 24.4 -0.09 -0.23 +0.98 dB
100 22.6 -0.19 -0.16 + (.98 dB
105 22.7 -0.10 0.06 +0.98 dB
110 19.7 0.41 0.28 +0.98 dB
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%.

B Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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DASY - Parameters of Probe: EUmmWV3 - SN:9366
Calibration Results for Modulation Response
uiD Communication System Name A B c D VR Max Max
dB | dBVuv dB mV dev. UncE
(k=2)
0 CW X | 0.00 0.00 1.00 0.00 | 1392 | t22% | +47%
Y | 000 | 0.0 1.00 719
10352- | Pulse Waveform (200Hz, 10%) X | 155 | 60.00 | 13.54 | 10.00 60 | £14% | +96%
AAA Y | 153 | 60.00 | 14.54 6.0
10353- | Pulse Waveform (200Hz, 20%) X | 16.00 | 88.00 | 21.00 | 6.99 120 | £10% | £96%
AAA Y | 101 | 60.00 | 13.71 12.0
10354- | Pulse Waveform (200Hz, 40%) X | 061 | 6000 | 1153 | 398 | 230 | £1.2% | +96%
AAA Y | 061 | 60.00 | 12.76 23.0
10355- | Pulse Waveform (200Hz, 60%) X | 037 | 6000 | 1118 | 222 270 | t10% | t96%
AAA Y | 046 | 6000 | 11.83 27.0
10387- | QPSK Waveform, 1 MHz X | 080 | 6000 | 1160 | 100 | 220 | £15% |[+96%
AAA Y | 084 | 60.00 | 11.59 22.0
10388- | QPSK Waveform, 10 MHz X | 115 | 60.00 | 12.07 | 0.00 220 | t08% | £96%
AAA Y | 128 | 60.00 | 11.98 22.0
10396- | 64-QAM Waveform, 100 kHz X | 167 | 6029 | 1392 | 3.0 170 | t0.7% | £96%
AAA Y | 189 | 61.73 | 14.85 17.0
10399- | 64-QAM Waveform, 40 MHz X | 199 | 60.00 | 12.48 | 0.00 100 | +08% | £96%
AAA Y | 204 | 6000 | 1255 19.0
10414- | WLAN CCDF, 64-QAM, 40MHz X | 292 | 60,00 | 12.89 | 0.00 120 | +08% | +96%
AAA Y | 296 | 6000 | 12.96 12.0
Note: For details on all calibrated UID parameters see Appendix
Calibration Results for Linearity Response
Frequency | Target E-Field Deviation Sensor X dB Deviation Sensor Y dB Unc (k=2)
GHz Vim dB
0.9 50.0 -0.14 0.14 +0.2dB
0.9 100.0 -0.04 0.05 +0.2dB
0.9 500.0 0.01 0.02 +0.2dB
0.9 1000.0 0.03 0.04 +0.2dB
0.9 1500.0 0.02 0.04 +0.2 dB
0.9 2000.0 0.01 0.04 +0.2dB
Sensor Frequency Model Parameters (750 MHz - 55 GHz)
Sensor X SensorY
R(Q) 80.41 77.88
R, (Q) 89.64 91.89
L (nH) 0.11730 0.10508
C (pF) 0.2947 0.3133
C; (pF) 0.0666 0.0668
Sensor Frequency Model Parameters (55 GHz — 110 GHz)
Sensor X Sensor Y
R(Q) 32.23 37.65
R, (Q) 95.84 93.94
L (nH) 0.03924 0.03570
C (pF) 0.1400 0.1899
C; (pF) 0.1149 0.1122
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DASY - Parameters of Probe: EUmmWV3 - SN:9366

Sensor Model Parameters

May 20, 2021

C1 c2 a T T2 T3 T4 T5 T6
fF fF ' ms.V™? ms.V™" ms b e )
X 23.7 169.74 33.05 0.92 2.57 4.97 0.00 0.49 1.01
Y 25.3 180.64 32.82 0.92 2.59 5.00 0.00 0.62 1.01
Other Probe Parameters
Sensor Arrangement Rectangular
Connector Angle (°) 1334
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 320 mm
Probe Body Diameter 8 mm
Tip Length 23 mm
Tip Diameter 8.0 mm
Probe Tip to Sensor X Calibration Point 1.5 mm
Probe Tip to Sensor Y Calibration Point 1.5mm
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Deviation from Isotropy in Air
f=30, 60 GHz

30 GHz: 3D isotropy. E-field parallel to probe axis

bobODano
282xx88583%
Error [dB]
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60 GHz: 3D isotropy. E-field parallel to probe axis

Error [dB]

LbEs4T0000
B22AnBEESEE
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Probe isotropy for E.: probe rotated ¢ = 0° to 360°, tilted from field propagation direction k
Parallel to the field propagation (y =0° - 90°) at 30 GHz: deviation within + 0.40 dB
Parallel to the field propagation (v =0° - 90°) at 60 GHz: deviation within + 0.35 dB
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