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Glossary: _

TSL tissue simulating liquid

NORMx y.2 sensdvity in free space

ConvF sansitivity in TSL / NORMx.y 2

DCcP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD maodulation dependent inganzation parameters

Polarization & @ rotation around probe axis

Polanzation 8 & rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe ans

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) IEEE Sd 1528-2013. "IEEE Recommended Practice for Determining the Peak Spatal-Averaged
Specific Absorption Rate (SAR) in the Human Head from VWireless Communications Devices
Measuremeant Technigues”, June 2013

b) IEC 62209-1, “Procedure 1o measure the Specific Absorption Rate (SAR) for hand-held devices used
in close proximity lo the ear (frequency range of 300MHz to 3GHz)", February 2005

c) IEC 82208-2, "Procedure to determne the Specific Absorption Rate (SAR) for wireless communication
munnmmthmhdrt“ﬂwqrmﬂwm:huﬂh}“.m

d) KDB 8565664, "SAR Measurement Requirements for 100 MMz to 8 GHz"

WIWMIWHMM
NORMx.y, z Assessed for E-field polarization 8=0 (fs900MHz in TEM-ceil, | 1800MHz: waveguide)
NORM:.y,z are only intermadiate values, | & . the uncertainties of NORMx, y.z doas not sffect the
£’ -held uncertanty inside TSL (see below ConvF)

«  NORM{Tx y.z = NORM: y 2" frequency_response (see Freguency Response Chart). Thes
inearzation s implemented in DASY4 software versions later than 4. 2. The uncertainty of the
frequency response is included in the stated uncenainty of ConvF

¢ DCPxy.r DCP are numerical inearzation paramelers assessed based on the data of power sweep
(no uncartanty required) DCP does nol dapand on frequency nor madia,

« [PAR PAR is the Paak o Average Ratio that is not calibrated but determined based on the signal
characteristcs

o Axyr Bryz CrxyzVRryzABC are numerical linearizabon paramelers assessaed basad on the
data of power sweep for specific modulation signal The paramaelers do nol depend on frequency nor
media VR is the mazimum calibration range expressed in RMS voltage across the diode

* ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-Sield (or Temperature
Transfer Standard for fsB00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz  The same satups are used for assessment of the parameters
applied for boundary compensation (alpha. depth) of which typical uncertainty valued are given
These parameters are used :n DASY4 software to improve probe accuracy close to the boundary.
The sensitivty in TSL comesponds to NORMx y.z* ConvF whereby the uncerainty cormesponds to
that given for ConvF. A frequency dependent ConvF is used in DASY wversion 4.4 and higher which
allows extending the validity from:50MHz to+100MHz

+  Spherical isolropy (30 deviation from isolropy). in a feld of low gradients realized using a flat
phantom exposed by a paich antenna

s  Sensor Offsel The sensor offsat comesponds 1o the offsel of virtual measurement canter from the
probe tp (on probe axis) Mo tolerance required

+ Conneclor Angle: The angle is atsessad using the information gained by determining the NORMx
{no uncerlanty required)
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Probe EX3DV4

SN: 7396

Calibrated: May 06, 2020
Calibrated for DASY/EASY Systems

(Note: non-compalible with DASY2 system )
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 7396

Basic Calibration Parameters

[SemsorX  |SemsorY  SensorZ  Unc(k=2) |
Norm{pVi{Vim))* 0654 053 050 | #10.0% _i
 DCP{mv)® |78 | 104.5 [ 1025 il
Meodulation Calibration Parameters
"im Communication | A e |¢ [0 [w  [us' |
L System Name | dB  dB Vv ’dl | mV (e=2) |
0 cw X 00 00 10 |000 |199.98 |224%
y 00 oo [10 | 2033
| iz |00 00 |10 _[195.:)

The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Comesponds to a coverage probability of apprommately 85%

* The uncertainties of Norm X, Y, Z do not affect the E*-field uncenainty inside TSL {see Page 5 and Page 8)
* Numencal inearizabion parameter uncertainty nol requned

L Uncertainly is determined using the max deviabion from hinear response applying rectanguiar distribution
and is expressad for the square of the fisld value.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 7396

Calibration Parameter Determined in Head Tissue Simulating Media

g : : : | o
mlmf! "':"'_, "-"‘1_":;':" Gmﬁl_[cunﬂ"!’ cfufz!nun' m :"n_"':
150 | 419 089 982 | 982 982 | 030 085 | +121%
835 415 0.90 o7 | 8T 871 | 015 | 138 | +121%
%00 | #15 | o097 987 | 987 987 | 016 | 137 | +121%
1750 40.1 137 14 881 881 025 1.04 1121":
1900 00 | 140 8.13 813 813 | 024 | 101  +121%
2100 | 38 | 149 814 | 814 | 814 | 024 | 104  +121%
2300 | 395 | 167 785 | 785 | 785 | 040 | 075 | +121%
2450 392 180 7.57 767 757 | 050 | 075 |+121%
2600 39.0 108 7.38 7.38 738 | 064 | 068 | +121%
5250 /e | amn 533 533 513 045 | 130 | +133%
5600 355 507 489 | 480 480 | 045 | 135 | +133%
5750 ¥4 | s 492 | 4am 492 | 045 | 145 | +133%

© Frequency valkdty above 300 MHZ of £100MHzZ only appies for DASY v4.4 and hgher (Page 2). else £ s resincied 1o
=50MHz. The uncertamty i the RSS of ComvF unceranty at caliorabon frequency and the uncertanty for the indicates
frequency band Frequency vakdity below 300 MHZ s + 10 25, 40, 50 and 70 MHZ for ConvF assessments al 30, 84 128,
150 and 220 MHz respectvely Above § GHz frequency vahddy can be extended to & 110 Mz,

" a1 frequency below 3 GHz the valiaty of Bssue parameters (L and 0) can be relaxed 10 £ 10% i quid compensation
formula is appled 1o measured SAR values Al frequencies above 3 GHz, the validey of tssue parameters (¢ and 0) S
restncied 1o $5% The unceranly s the RSS of the Com® uncenainty for iIndcated tangel ISsue paramees

© Apha/Depth are cetermined durng calibration SPEAG warrants that the remasnmg deviaton due 10 the boundary
offect after cCOMpensaton is always less than & 1% for frequancies below 3 GHZ and beiow & 2% for the frequancies
between 3-8 GHz at any distance larges than half the probe Llip dameler from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 7396

Calibration Parameter Determined in Body Tissue Simulating Media

Relative  Conductivity o | Depth® | Unct.

_'Eﬁ_hw', e L F\'._'.‘-m!‘r ConvFZ | Alpha® | L0 | 2)
750 555 096 | 1000 | 1009 | 1009 | 030 | 080 | +12.1% |
835 | 552 097 | 988 | ses 988 | 019 | 132 |+121%
800 55.0 1.0 0.82 0.82 982 | 023 | 115 [ +121%
1750 | 534 1.49 824 824 824 | 024 | 106  +121%
1900 | 533 152 797 787 797 | 019 | 124 | +121%
2100 532 1862 818 B18 | 818 | 019 | 139 | +121%
2300 529 | 18 788 | 788 | 788 | 055 | 080 | ~121%
2450 527 | 198 | 753 | 7853 | 753 | 046 | 080 | +121%
2600 525 | 216 738 | 738 | 738 | 052 | 080 |+121%
5250 89 | 53 | 493 | 493 | 493 | 045 | 180 | <133%
5600 485 5.77 419 | 419 | 419 | 048 | 190 | +133%
5750 | 483 | 584 | 452 | 452 452 | 048 | 185 | +133%

© Frequency valisty above 300 MMz of +100MHz only appses for DASY wd 4 and higher (Page 2). else & is restricted 1o
+50MMHz The uncertainty s the RSS of ConvF uncertasnty at calibrabon frequency and the uncertainty for the indicated
frequency band, Frequency valdity below 300 MHz & £ 10, 29, 40 50 and 70 MHz for ComF assessments ai 30, 84, 128,
150 and 220 MHz respectively Above S GHz frequency validity can be exiended 1o £ 110 MHz

" Al frequency below 3 GHz, the vakdiy of lissue parametens (¢ and ) can be relaxed 10 £10%  hquid compensanon
formula s appled to measured SAR valves Al frequencies above 3 GHZ. the valaity of bssue parameters (cand o) 5
restncted 10 £5% The uncertanty i the RSS of the ConvF uncertamnty for ndicated target issue parametens

“ Aipha/Depth are determined during cakbraton SPEAG warrants that the remaining deviation due 10 the boundary
eflect after compensation = always less than & 1% for frequencies below 3 GHz and below & 2% for the reguences
between 3-8 GHE at any cistance [arger than half the probe tip diameter from (he boundary
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
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Dynamic Range f(SAR}caq)
TEM cell,
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment

=900 MHz, WGLS RS(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: 23.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 7396
Other Probe Parameters o conee S
Sensor Arrangement Triangular |
Gunmw Angle (%) 156.9
Hr.:hinn:ll Surface Dirhclhn Hodt B enabled
| OF Dptl-ul Surface Dthﬂlﬂﬂ Hnd- dinhll_
Probe Dumll Llnﬂ'lh 33Tmm
L 5 e —— —— |
Probe Body Diameter 10mm
Tip Langth #mm
| 'llp Diameter 2.5mm |
Frob- Tip to Sensor X Calibration Point l imm |
Frubl Tipto Souw "I‘ Calibration Point 1m:_
i ——— _I_ — . S—
Probe npms-uwl Calibration Point 1mm
—_— = —_— —_— —_ 1 —_——
Recommended Measurement Distance from Surface 1.4mm
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
sarviceable pars insice the DAE. Special altantion shall be given io the following paints:

Battery Exchange. The battery cover of the DAE4 unit is closed using & screw, over tightening the screw may
cause the threads inside the DAE to wear out.

$hlp|_:ﬁnu of the DAE: Before shipping the DAE to SPEAG for calibration, remave the batteres and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument s
inside.

E-Steop Failures Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision emors are oflen caused by dust and din

accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe fo the DAE
carafully and keep the DAE unit in a non-dusty environment if not used for measurements

Repair; Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to chame for any repair especially if rowgh unprofessional handling caused the defect

DASY Configuration Files: Since the exact values of the DAE inpul resistances, as measured during the
calibration procedure of a OAE wnit, ate not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration fike.

Important Note:
Warranty and calibration is volid if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

MNever attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note;

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Pasiner Engineering

TH_BRO40315AD DAE4. doc 11.12,2009
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Accredited by the Swiss Accreditabion Sarvics (SAS) Accreditation No.: SCS 0108

The Swiise dccreditadion Servioe is one of the signalories 1o the EA
Mudtilateral Agresmant for the recognition of calibration cerlificates

Client Anbotek (Auden) Certificate No: DAE4-387 Sep08
CALIBRATION CERTIFICATE

Onjact DAE4 - SD 000 DO4 BM - SN; 387

Calibeation proceduse|s) QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Caliration date: September 06, 2018

This calibration cenificats documents the traceability b rational standards, which realize the physical units of measurements (31}
The masssrements and the uncertainties with confidancs prohabifity are gaeen on tha followng pages and ane par of tha certdicaie

Al calibrations have bean conducied in 1he closed labomiory faclity: environment lemperaiure (22 3 35°C and humidity < 70%.

Calibeation Equipment used (MATE critical for calbration)

Primary Standards | D # Cail Dale [Certilicabe Mo.) ‘Seheduled Calibemgion
Kaithisy Multmesier Type 2001 | s o&1027E 15-Auig- 10 (N2 1082 Aug-18

| Secondary Strdass |ow Chack Dnta {in house) Schaduled Check

I-' Aule DAE Calibeation Unit | 8E Lws 053 AA 1001 05-Jar-18 {in house check) In house check: Jan-19
Caltyator Box V2 1 | BE LIkES 008 AA 1002 05-Jan-18 {in house check) In henmse check: Jan-19

Mama Funetian Sghatuns

Calibrased by: Dominique Steflen Laboratory Tachriclan @_‘
Approved by Swan Kifn Diegiaty Managar

W &

Insund: Seplembar 03, 2018

| This calibention cerificale shall nol bcflnpmd.mnd mcwpl 0 full wilthout weitten spproval of The labomiory
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The Swiss Accreditation Service |s one of the aignatories to the EA
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Glossary

DAE data acquisition electranics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
* DC Violtage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

= (Cennector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

» The following parameters as documented in the Appendix conlain technical information as a
result from the performance test and require no uncertainty,

* DC Voitage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

* Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

s Channel separalion: Influence of a voltage on the neighbor channels not subject to an
input voltage.

= AD Converfer Values with inputs shorted: Values on the internal AD converter
corresponding to zero inpul voltage

» Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

=  [nput Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

= Input resistance: Typical value for information: DAE input resistance at the connector,
during internal aute-zereing and during measurament,

= Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated,

»  Power consumption: Typical value for information. Supply currents in various operating
modes,

Carificate Mo. DAE4-387_Sep18 Page 2 of 5
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DC Voltage Measurement
AD - Converter Resolution nominal

High Range: 1L5B = [-RITAT full range = -100...+300 my
Low Range: 1LSB = BinV , full range = -1....... +3my
DASY measuremant paramelers: Auto Zers Time: 3 sec; Measuring time: 3 sec
Calibratien Factors X L Z
High Range 404,489 + 0.02% (k=2) | 404.852 = 0,02% (k=2) | 404.862 + 0.02% (k=2)
Low Range 397827 £ 1.50% (k=2) | 395875 £ 1.50% (k=2) | 3.97982 + 1 505 (k=2)
Connector Angle
i Connector Angle to be used in DASY systam E30%+1° ]
Cartificate No: WAE4-367_Sep18 Page 3 of 5
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Appendix (Additional assessments outside the scope of SCS01 08)
1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 200032.85 -3.31 -0.00
Channel X + Input 20007 .64 1.88 o.m
Channel X - Input 2000348 1.18 -0.01
Channel ¥ + Input 200034.23 -1.43 -0.00
Channel ¥ + Imput 2000660 091 0.00
Channgl ¥ = Inpurt -20004.04 .72 -0.00
Channel Z + Input 200035.38 -0.83 -0.00
Channel 2 + Inpurt 2000369 -2.11 -0.Mm
Channel Z = Input -20006.38 -1.58 0.0
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.83 0.08 0.00
Channel X + Input 202,29 0.70 0.35
Channel X = Imput -187.90 060 -0.30
Channel ¥ + Input 2001.33 -0.07 -0.00
Channel ¥ + Input 200.86 -0.60 -0.30
Channal Y - Input 198,87 1.23 0.62
Channel + Input 2001.61 0.27 0.01
Channel Z + Input 200.80 -0.70 -0.35
Channel Z = Input -188.51 -0.85 0.43
2. Common mode sensitivity
DASY measurement parameters: Auto Zaro Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (m\) Average Reading (uV) Average Reading (uv)
Channel X 200 13.50 11.56
- 200 8,64 -11.18
Channel ¥ 200 -0.81 -1.28
- 200 1.05 0.09
Channel Z 200 FA K 6.81
- 200 -B.46 4.
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 -1.70 0.33
Channel ¥ 200 10.70 - -0.38
Channel Z 200 7.1 7.85
Cerificate No: DAE4-387_SepiB Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Fero Time: 3 sac; Measuring time: 3 sec

High Range (L5B) Low Range (LSB)
Channel X 15085 17466
Channel ¥ 15661 168162
Channel Z 15990 16180

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MG
Average (V) | min. Offset (uV) | max. Offset (uv) | ' '{::;“‘""“
Channel X 0.73 -2.58 3.28 0.62
Channel Y 041 -0.48 1.23 0.40
Channel Z -0.80 -1,88 0.30 0.42
6. Input Offset Current
Meorminal Input cireuitry offset curent on all channels: <35F4
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm}
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (ma)
Supply [+ Vee) +0.0 +6 +14
Supply (- Vee) =0.0m -8 -8
Certificate No: DAE4-387_Sepia Page 5@l &
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Calibration procedure for dipoke vahdation kits between 3-6 GHz
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Calibration Labaratory of

Schmid & Partner ——
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Glossary:

T5L tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.2
N/ A not applicable or not measured

Calibration is Performed According to the Following Standards;

a) IEEE Sid 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

b) IEC 62209-2, "Procedure 1o determing the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz 1o 6 GHz)", March 2010

c) KDB 865664, “SAR Measurement Requirements for 100 MHz 1o 6 GHz

Additional Documentation:
di DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:
«  Measurement Conditions: Further details are available from the Validation Repart at the en
of the certificate. All figures stated in the cerificate are valid at the frequency indicated
o Antenna Parameters with TSL: The dipole is mounted with the spacer 10 posiion iIs feed
noint exactly below the center marking of the flat phantom section, with the arms onented
parallel to the tujn;_l',r axis
+ Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is fransformad from the
measuremeant at the SMA connector 1o the feed point. The Return Loss ansures low
reflected power. No uncertainty required
» Electncal Delay: One-way delay between the SMA connector and the antenna feed paint
Mo uncertainty required
« SAAR measured. SAR measured at the staled 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 parametars are used 10 calculate the
nominal SAR result
The repored uncertainty of measurement is stated as the standard uncertainty of measuremient
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
IASY i nfiguration far a padg

DASY Version

Extrapolation

Phantom

hstance Dipole Center - TS1 |

foom Scan Resalution

(T =]
Froquency M i
Head TSL parameters at 5200 MHz
Thi w prarnrralor i comloulatic
Tampearature Pormittivity Conductivity

Mominal Head TS5L parsmeters

Measured Head TSL paramators

Head TSL temperature change during test

SAR result with Head TSL at 5200 MHz
SAR avermged over 1 cm (1 gl of Head TS
wad T ! i BO.T Wikg = 18.8 % (k=]
SAR sveraged over 10cm {10 g) of Head TSL
ot 2 31 Wik = 185 (k=3
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Head TSL parameters atl 5300 MHz
W e fawr s and IGulng )
Temperaturg Formittivily Conductivity

Nominal Head TSL parameaters

Measured Head TSL parameters

Head TS5L lemperature change during test

SAR result with Head TSL at 5300 MHz

SAR averaged over 1 cm™ {1 g} of Head TSL
nal Hoad TSL paramete malzs B2.7W/ kg = 19.9 % (k=2
SAR averaged over 10 em’ (10 g) of Head TSL
LH maa £ W k
A ar | W 23.0 Whg = 19.5 % (k=2)
Head TSL parameters at 5600 MHz
Tha | " rartielnes i lEubiisrs dere EnHe
Temperaiuns Permittivity Conductivity
Maiminal Head TSL parnmetars
Moasured Head TSL parameiers
Head TSL lemperature change during test
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em (1 g) of Head TSL
i | TEL parsmeie £ LY A7.0 Wikg = 19.9 % (k=3
SAR sveraged over 10 em’ (10 g) of Head TSI
{ arhmte 1l ! 4.7 Wikg = 19.5 % (k=2
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Head TSL parameters at 5800 MHz
f WINg paran ) ¥ 1 AlCulan 5 WETE A DIE
Temperatire Pormiiivity onductivity

Nominal Head TSL paramelors
Measured Head TSL parameters

Head TSL lemperatire changs during test
SAR result with Head TSL at 5800 MHz

SAR pveraged over 1 em’ (1 g) of Head TSL

Imete iz B2.0 Wikg = 19.8 % (k=2

SAR averaged over 10 cm™ (10 g) of Head TSL
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Body TSL parameters at 5200 MHz
NI pArAMENErs and calculations wen

Tempaerature Perrmitlavrty Conducthnal
Nominal Body TSL paramealers
Measured Body TSL parameters

Body TSL iemperaiure change during lest
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 cm’ (1 g} of Body T5L
FRmeis il e 7.8 Wikg = 19.9 k=2
SAR averaged over 10 cm’ (10 g) of Body TSI

1y 1 b AT g r 21.7 Wikg = 19.5 =2

Body TSL parameters at 5300 MHz
] | pal | i WETE

| &N l@Eior
Temparaiure Poermittinaty Conductivity
Nominal Body TSL parameters
Measured Body TSL parameters

Body TSL iempersiure change durning test
SAR resull with Body TSL at 5300 MHz

SAR averaged over 1 em (1 g} of Body T51
ramete alLr ¥ TE4 Wikg =19.9 k=2
SAR averaged over 10 em’ (10 g) of Body TS

THaher | .0 Whig 2 18.5 % [ka2)
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Body TSL parameters at 5600 MHz

Temperature FPermiiivety Comnductivily
Mominal Body TSL paramealers

Measured Hody TSL parameisrs

Body TSL temperature change during test
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em’ (1 g) of Body TSL

Ve

——— Tk o B1.5 Wikg = 19.9 % (k=2

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

-.\. t Tl
al Body TSL parameter malized bo 1% 22.8 Wikg = 19.5 % (k=2)

Body TSL parameters at 5800 MHz

Temperaiune Permittiety Condiictivety

NHominal Body TSL paramelers
Measured Body TSL paramelers

Body TSL temperature change during tes!
SAR resull with Body TSL at 5800 MHz

SAR averaged over 1em” (1 gl of Body TSI

AE
;L arameters malized o 19 T8.3 Wikg = 168.5 % {k=2)

SAR nversged over 10em (10 g) of Body T5L

TSL parnimest: I podd 10 TV 21.8 Wikg = 19.5 % [k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5200 MHz

Antenna Parameters with Head TSL at 5300 MHz

Antenna Parameters with Head TSL at 5600 MHz

Antenna Parameters with Head TSL at 5800 MHz

2
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Antenna Parameters with Body TSL at 5200 MHz

Antenna Parameters with Body TSL at 5300 MHz

Antenna Parameters with Body TSL at 5600 MHz

Antenna Parameters with Body TSL at 5800 MHz

General Antenna Parametars and Design

Additional EUT Data
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DASYS Validation Report for Head TSL
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Dipole Calibration for Head Tissue/Pin=100m W, dist=10mm, =580 MHz/Zoom Scan
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
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Dipole Calibration for Body Tissue/Pin=100m W, dist=10mm. =580 MHz/ Loom Scan
dist=1.4mm (8x8x7VCube (: Meusuremen
1 [ Vi P il
k 5Al et Wik
SARI g) = 7.88 Wike: SARi(I0 g) = 2.2 Wike

dH

Shenzhen Anbotek Compliance Laboratory Limited

Address: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, »\ Hotline
Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China Z_/ 400-003-0500

Tel:(86) 755-26066440 Fax: (86) 755-26014772 Email: service @ anbotek.com www.anbotek.com



Anbotek

Product Safety

Report No.: 18220WC00109308 FCC ID: 2AXED-T20 Page 82 of 106

impedance Measurement Plot for Body TSL
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China % ﬁ\t" v CALIBRATION
Tel: +86-10-62304633-2070  Fax: +R6-10-62304633-2504 oadyy ™ CNAS LDST0
E-mail: culi@chinanl com e wsow chimatl.cn
Client Antiotek (Auden] Certificate No: Z18-87081
[mmm CERTIFICATE
Object D2450V2 - SN: 810
Calibration Procedure(s) FD-Z11-2-003-01

Calibration Procedures for dipole validation kits
Calibration date: Jun 15, 2018

This calibration Certificate documenis the fraceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the centificate.

All calibrations have been conducted in the closed laboratory facility. environment temperature{22+3C and
humidity<7 0%

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Cerlificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-17 (CTTL, No.J17X042586) Jun-18
Power sensor  NRP-Z91 | 101547 01-Jul-17 (CTTL, No.J17X04256) Jun-18
Reference Probe EX3DV4 | SN 7307 18-Feb-1B(SPEAG No EX3-7307_Feb18) Fab-18
DAE4 SN TT1 02-Feb-18({CTTL-SPEAG No.Z18-87011) Feb-18
Secondary Standards iD# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-18 (CTTL, No.J18X00893) Jan-19
Network Analyzer ESOT1C | My46110673  26-Jan-18 (CTTL, No.J18X00894) Jan-19

Name Function Signature

Calibrated by Zhao Jing SAR Test Engineer é i.(

Reviewad by: Qi Dianyuan SAR Project Leader 2 ’891' '

Approved by: Lu Bingsong Deputy Director of the laboratory - m@

Issued: Jun 17, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory
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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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 6GHz)", March 2010

d) KDB865664, SAR Measurement Reguirements 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.

e 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
connactor.

» 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 nommal distribution
Comesponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as nol given on page 1
DASY Version DASYS2 52881258
Extrapolation Advanced Extrapolation
Phantom | Triple Flat Phantom 5.1C
Distance Dipole Centsr - TSL | 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhaim
Measured Head TSL parameters {(220+02)°C B0+6% 1.77 mhaim + & %
Head TSL temperature change during test <1.0'C - s
SAR result with Head TSL
SAR averaged over 1 _cm' (1.g) of Head TSL Condition
SAR measured 250 mW input power 13.0mW /g
SAR for nominal Head TSL paramalers normalized to 1W 52.4 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢m~ (10 g) of Head TSL Condition
SAR measured 250 mW input power BOGEmWNIig
SAR for nominal Head TSL parameters normalized o 1W 24.3 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculaions wene apphed
Temperature Permittivity Conductivity
Nominal Body TSL paramaters 20"C 2.7 1.95 mho/m
Measured Body TSL parameters (220202)"C 528+6% 1.97 mhoim + 6 %
Body TSL temperature change during test <1.0°C - s
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 130mW/ig
SAR for nominal Body TSL paramaters normalized 1o W 1.8 mW /g £ 20.8B % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 6.1BmWig
SAR for nominal Body TSL parameters nomalized to 1W 24,7 mW Ig £ 20.4 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance. iransformed io feed point 5460« 2,770
Fieturn Loss = f - -_l'._E..-BdE

Antenna Parameters with Body TSL

[ impadance, translormad 1o fead poin 50,701+ 4 28j0
| Retsm Loss - 27.3d8

General Antenna Parameters and Design

Elmcirical Delay (one dimchion) | 1.263 ns

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

The dipole is made of standard semingid coaxial cable. The center conductor of the leeding lina is directly
connecied fo the second arm of the dipole. The antenna |s therelons shon-crcutted for DC-signals. On soma
of the dipoles, small and caps are added to the dipole arms in order to improve matching when lcaded
Bsccording 1o the position as sxplained in the "Maasuremant Conditions” paragraph. The SAR data are not
affected by this change The overall dipole length is still according to the Standard

Mo excessive force must be applied o the dipole arms, because they might bend or the soidered
connections near the feedpoint may be damaged

Additional EUT Data

Marufaciurad by SPEAG
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DASYS Validation Report for Head TSL Diai: 06152018

Test Labormtory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V1; Serial: D2450V2 - SN: 910
Communication System: UID 0, CW; Frequency: 2450 MHz: Duty Cycle: 111
Medium parameters used: f= 2450 MHz; o= 1,767 S/m; &r = 39.00; p= 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY S (IEEE/IEC/ANS] C63.19-200T)

DASYS Configuration:

+ Probe: EXIDV4 - SNTI07; ConvF(7.36, 7.6, 7.36); Calibrated: 271%2018;

«  Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn771; Calibrated: 2018-02-02

« Phamtom: Triple Flat Phantom 3.1C; Type: QD 000 P31 CA; Serial: L1611

« Measurement SW: DASY 52, Version 528 (8); SEMCAD X Version 14 6.10(73721)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: d=5mm.
dy=5mm, de=5mm

Reference Value = 106.5 Vim; Power Drift = 0.02 dB

Peok SAR (extrapolmed) = 26.7 Wikg

SAR(1 g) = 13 Wikg; SAR(10 g) = 6.06 Wikg
Maximum value of SAR (measured) = 19.7 Wikg

-4, 45

-13.36

-17.681

|-
-22.26 L

0 dB = 19.7 Wikg = 12.94 dBW kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 06152018

Test Laboratory: CTTL. Beijing. China

DUT: Dipole 2450 MHz; Type: D2450%V2; Serial: D2450Y1 - Sh; 910
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:]
Medium parameters used: = 2450 MHz; o = 1.972 S/m; g, = 52.92; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY 5 (IEEENEC/ANS] C63.19-2007)

DASYS Configuration;

s Probe: EX3IDVY - SN7307: ConvFi(7.22, 7.22, 7.22% Calibrated: 2'19/2018;

e Sensor-Surface: 2mm (Mechanical Surlace Detection)

¢ Electronics: DAE4 Sa771; Calibrmted: 2018-02-02

s Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA: Serial: 116111

s  Measurement SW: DASY 32, Version 52.8 (3); SEMCAD X Version 14.6.10(7372)

Dipole Calibration/Zoom Scan (TxTx7) (TxTx 7V Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 98.89 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 25.6 Wikg

SAR(L g) = 13 Wikg: SAR(10 g) = 6,18 W/kg

Maximum value of SAR (measured) = 19.3 Wikg

dB

1]

-4.22

8.44 | L
-12.6%

-16.87

=
-21.08 " !
0dB =193 Wikg= 1286 dBW/kg
Cenificale Mo 7189705 Page Tof 8

Shenzhen Anbotek Compliance Laboratory Limited

Address: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, @ Hotline
Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China. 2/ 400-003-0500
Tel:(86) 755-26066440  Fax: (86) 755-26014772 Email: service@anbotek.com www.anbotek.com




Anbotek

Product Safety

Report No.: 18220WC00109308 FCC ID: 2AXED-T20 Page 90 of 106
: i Codataongmon wan
CALIBRATION LABORATORY
Add No 31 Xocyumn Rosd, Hsidien Disieer, Beding. 100091, Chins
gk & Wi Db 2 W61 1 2079 Fax: 4B 0-aT 10847 375084
E-mail: corhi chennl. com g wow chennml o

Impedance Measurement Plot for Body T5SL
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Glossary:

TSl tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.2
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: Measuremeant Techniques®, June 2013

b) IEC 62209-2, "Procedure (o determine the Specific Absonption Rate (SAR]) for wireless
communication devices used in close proximity (o the human body (lrequency range of 30
MHz to 6 GHz)", March 2010

c) KDB B65664, "SAR Measurement Requirements for 100 MHz 1o 6 GHz

Additional Documentation:
di DASY4A/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Parameters with TSL: Tha dipole is mounted with the spacer to position ils feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis

« Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positionad under the liguid filled phantom. The impedance stated is transformed from the
measuremant at the SMA connectar to the feed point. The Retum Loss ensuras low
reflected power. No uncerainty required

» Elecitrical Delay: One-way delay between the SMA connector and the antenna feed poini
Mo uncertainty reguired.

« 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
cannector

« SAR for nominal TSL parameters: The measured TSL parameters are used o calculate the
nominal SAR result

The reported uncerainty of measurement is stated as the standard uncertainty of measuremeni
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximataly 85%
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Measuremen! Conditions

X I fara

DASY Version A
Extrapolation .

Phantom

Distance Dipole Conter - TS |

foom Scan Resalulion

Froquency

Head TSL parameters at 5200 MHz

[ T b Eriid lculafic
Temparature Parmittavity Conductivity
MNominal Head TSL parametors
Measured Head TSL parameters

Head TSL temperature change during test
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 cm (1 g} of Head TS1

) AT ized 1 WA B0.7 Wikg = 16.9 % (k=]

S5AH averaged over 10 cm 10 g} of Haad TSl

1 Wikp = 18.5 % (k=2
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Head TSL parameters at 5300 MHz

Temperature Pormittivity Conductivity
Nominal Head TSL paramelers i
Measured Head TSL parameters
Head TSL lemperature change during test
SAR result with Head TSL at 5300 MHz
|
SAR averaged over 1 om™ {1 g} of Head TSL
fidnid T AT T g L] i g B2.7 W/ kg = 19.9 % (k=2)
SAR averaged aver 10 em” (10 g) of Head TSL
EN el W L
VRIT i 1 W 3.8 Wikg = 19.5 %% (k=2)
Head TSL parameters at 5600 MHz
The loilliy i arnaia sricd fmleultsin B B0 e
Tempersiurs Parmittivity Comductivity
Maomingl Head TSL parnmatars
Moasurod Head TSL parameters
Head TSL temperalure change during st
SAR result with Head TSL at 5600 MHz
SAR aversged over 1 em’ (1 g) of Head TSI
Hesd TSL parameis ¥ W 7.0 Wikg = 19.9 (=2
SAR nveraged over 10 cm™ (10 g) of Head TS
TSL pararmets valirs ! 24.7T Wikg = 18.5 k=2
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Head TSL parameters at 5800 MHz

Temperaiiire Parind iveby ~onductneity

Hominal Head TSL parameters
Measured Head TSL parameters

Head TSL temperature changs during best
SAR result with Head TSL at 5800 MHz

SAR mveraged over 1 em’ (1 g) of Head TSL

TRk mialized i B2.0 Wikg = 18.9 % (k=2

SAR averaged over 10 cm™ (10 g) of Head TSL
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Body TSL parameters at 5200 MHz

Temperature Pormaittivity Conductivity
MNominal Body TSL paramelers
Measured Body TS5L parameters
Body TSL temperature change during iest
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm {1 g) of Body T51
ATELTHELE ¥ 7.8 Wikg = 19.8 % (k=2
SAR averaged over 10 em’ (10 g} of Boady T51
21.7 Wikg = 18,1 (=2}
Body TSL parameters at 5300 MHz
: Wineg [ lirrs At CRICUIRROnNS W

TEemper sl Permittivity Conductivity
Nominal Body TSL paramaters
Measured Body TSL parameters

Body TSL temperafure change during tes!
SAR result with Body TSL at 5300 MHz

SAR averaged over 1 em’ (1 g) of Body TSI

cararmiate alize s fB.4 Wikg = 18.8 h=2

SAR averaged over 10 em” (10 g) ol Body TSL

meter Tl Fa 2.6 Whg = 19.5 % (kn?
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Body TSL parameters at 5600 MHz
The it Wil padameter nd calculalions ware applie

Temperature Parmittivity Conductivity

MNominal Body TSL parameters
Measured Body TSL parameters

Body TSL Temperaiune Dhange du ring test
SAR result with Body TSL at 5600 MHz

SAH averaged owver 1 em’ (1 g) ot Body TSL
=il

Wik

Araameis iELF W 81.5 'I'l'l'll.l:r- 19.9 5% (k=

SAR nveraged over 10 em™ (10 g) of Body TSL

i
ralized to 1W 22.8 Wikg = 19.5 % [kn3)

Body TSL parameters at 5800 MHz

para Aaculabions wers apphed

Temperaiure Permittivity Condiuctivity

Nominal Body TSL paramaters
Measured Body TSL paramelers

Baody TSL iomperature change duriig Tes!
SAR result with Body TSL at 5800 MHz

SAR averaged over 1 em’ (1 g) of Bady T5L

1l « rec

minal Body TSL parametar rrrulized o 1 78.3 Wikg = 168.9 % (k=2)

SAHR aversged over 10 em- (10 g) of Body TSL

Prond s r i M Wkg & 19.5 % (k=2
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Haad TSL at 5200 MHz

Antenna Parameters with Head TSL at 5300 MHz

Antenna Parameters with Head TSL at 5600 MHz

Antenna Parameters with Head TSL at 5800 MHz
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Antenna Parameters with Body TSL at 5200 MHz

Antenna Parameters with Body TSL at 5300 MHz

Antenna Parameters with Body TSL at 5600 MHz

Antenna Parameters with Body TSL at 5800 MHz

General Antenna Parameters and Design

Additional EUT Data
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DASYS Validation Report for Head TSL
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Dipole Calibration Tor Head Tissue/Pin=100mW, dist=10mm, =580 MHz/Zoom Scan
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
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**END OF REPORT*****
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