Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Lineariiy

High Range Reading (uV) Difference (uv) Error (%)
Channel X + Input 1009496.55 {186 0.00
Channel X + Input 2000346 0.,
Channel X = Input -16840.22 2.96 0,01
Channel ¥ + Input 198435.01 -0.81 000
Channel ¥ + Input 20000.50 0,99 -0.00
Channel Y = Input 2000174 (.48 =000
Channel Z + Input 1899893.65 -2.06 0.4
Channel Z + Inpul 2000067 452 -0.00
ChannelZ - Input 20002 17 0.12 0.00
Low Range Reading (V) Differance (V) Error (%)
Channel X + Inpul 2001 .48 004
Channel X + Inpul o2 0,48
Channel X = Input -198,74 0,08 0.04
Channel Y + Input 200111 0.02
Channel ¥ + Input 200.80 -0.24 0,12
Channel ¥ = Input -1949 54 -0.82 0.42
Channs| Z + Input 2000.50 -0.11 -0.01
Channel Z + Input 200.24 -0.82 -0.41
Channel 2 = Input -198 /9 -1.02 0.52
2. Common mode sensitivity
DASY measurament parametars: Aulo Zero Time: 3 sac: Meaasuring time: 3 sec
Common made High Range Low Aangse
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -6.78 -B.80
- 200 10.14 8.29
Channel ¥ 200 -8.84 -8.15
- 200 875 8.46
Channel £ 200 12.20 12.07
- 200 ~1474 -14.25
3. Channel separation _
DASY measuremant parametars: Aulo Zerp Time: 3 sec; Measuring time: 3 sec
Input Yollage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (V)
Channel X 200 - -4.04
Channel ¥ 200 8.386 2.84
Channel Z 200 8.58 -
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4. AD-Converter Values with inputs shorted

DASY measurement patamaters: Auto Zefo Tinle: 3 sec; Measuting lime: 3 sec

High Range (LSE) Low Range (LSB)
Channel X 15961 158523
Channel Y 15842 15701
Channel 2 15867 16122
5. Input Offset Measurement
DASY measuremen| parametars: Aute Zero Tima: 3 sao! Magsuting tiine 3 dec
It 100ALY
Average (uV) min. Offsel (V) | max. Ofiset (uV) Std. ?::;““u"
Chanrel X -0.08 1.7 147 0.dp
Chanrel ¥ ()23 A 0.68 0.40
Channol Z 0,14 .59 |76 0.36
6. Input Offset Current
Nominal Input crouitry offset current on all chanrals: <25
7. Input Resistance (Typical values for infarmatiorn)
Zeroing (KOhm) WMeasuring (MOhm)
Channel X 200 200
Channal Y 20 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical vilues lor irilarmation)
Typical values Alarm Level (VDC)
Supply (+ Veco) +7.8
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by {mA) | Transmitting (mA)
Supply (+ Vee) +0.01 #14:
Supply (- Vee) ~0.01 -8
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Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
* DC Voltage 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.

e Connector angle: The angle of the connector Is assessed measuring the angle mechanically
by a tool inserted. Uncertainty is not required.

e The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

* DC Voltage 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.

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

o AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

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

* Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

e Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zercing and during measurement.

* 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.

Certificate No: DAE3-528_Mar20 Page 2ol 5



DC Voltage Measurement
A/D - Convertar Resolution nominal

High Range: 1SR = 6.1V, full range = -100...+300 mV/
Low Range: 1LSB = BinV, full range= -1 . +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Zz
High Range 404.513 £ 0.02% (k=2) | 404.615 £ 0.02% (k=2) | 404.537 % 0.02% (k=2)
Low Range 3.97100 £ 1.50% (k=2) | 3.95930 + 1.50% (k=2) | 3.96568 + 1.50% (k=2)

Connector Angle

Connector Angle 1o be used in DASY system sc.o0°x1°

Certificate No: DAE3-528_Mar20 Page 30l 5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200037.58 3.28 0.00
Channel X + Input 20009.65 382 0.02
Channel X = Input -20001.89 3.a2 -0.02
Channel ¥ + Input 200037.90 a.50 6.00
Channel ¥ + Input 20005.83 0.31 0.00
Channel ¥ - Input -20005.73 -0.03 .00
Channel Z + Input 200033.51 -0.62 -0.00
Channel 2 + Input 20008.48 0.89 0.00
Channel Z - Input -20008.01 -0.27 0.00
Low Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 2001.68 0.24 0.01
Channel X + Input 201.09 -0.22 011
Channel X - Input -188.83 -0.12 D.06
Channel ¥ + Input 2001.70 D.4g o.oe
Channel ¥ + Input 200,70 -0.24 -0.12
Channel Y - Input -198.76 .76 0.38
Channel 2 + Input 20081.03 -0.04 -0.00
Channel Z + Input 20125 0.40 0.20
Channel 2 = Input -189.29 -0.32 0.18
2, Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 9.59 7.82
- 200 -T.34 -B.78
Channel ¥ 200 14.74 14.93
- 200 -16.81 1716
Channel Z 200 339 -3.82
- 200 3.03 3.1
3. Channel separation
DASY measurement parameters. Auto Zera Time: 3 sac: Measuring time: 3 sec
Input Voitage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 3.19 -1.668
Channel ¥ 200 68.79 4.73
ihannnl Z 200 7.6 528

Certificate No: DAE3-528 Mar20
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15972 168183
Channel Y 15800 18378
Channel 2 18167 15841

5. Input Offset Measurement

DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

Input 10ML2

Average (WV) | min. Offset (uV) | max. Offset(uv) | S ?::;’"““
Channel X 119 0.18 2.38 0.45
Channel Y 0.15 1.39 1.24 0.47
Channel 2 0.36 .22 1.42 0.42

6. Input Offset Current

Nominal Input eircuitry offset current on all channels: <251A

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel 2 200 200

8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vee) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vee) =0.01 -8 -8

Certificate No: DAE3-528_Mar20 Page 5ot5
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IMPORTANT NOTICE

USAGE OF THE DAE4

The DAE unil is a delicate, high precision instrument and rerjuites careful treatmant by the user. There are o
sanvicaable parts inside (he DAE. Special attention shall be given o the lollowing points:

Baltery Exchange The ballery cover of the DAE4 ynitis fixed using a screw, over lightening the screw may cause
the threads inslde the DAE 1o wear out.

Shipping of the DAE. Before shipping the DAE lo SPEAG for calibralion, remove the batlerdes and pack the DAE
in an anlisiatic bag. This antistatic bag shall then be packed inlo a largar box of container which protects the DAE
fram impacts during transporiation, The packege shall be marked 1o indicate thal a fragile Insttument Is inside.

E-Stop Failures: Touch deteclion may be malfunctioning due to broken magnets in the E-slop. Rough handling ol
the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated In the E-stop. To prevent E-stap failure, the customer shall always mount the probe to the DAE
carafully and keep the DAE unil in a non-dusty environment if not used for measurements.

Repair. Minor repairs are performed al no exira cost during the annual calibration. However, SPEAG reserves the
right to charge for any repair especially if rough unprofessional handiing causad the defect.

DASY Configuration Files: Since the exacl values of the DAE Inpul resislances, as measured during the
callbration procedure of & DAE unil, are nol used by the DASY soflware, & nominal value of 200 MOhm Is given In
the corresponding canfiguration file.

Important Note:
Warranly and callbration Is void If the DAE unit Is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oll 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 procedura.

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.

TN_EH190306AE DAE4. docx 07.03.2019
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Glossary

S Sohweizerischer Kalilirjerdienst
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Sarvixio svizzero di taratura

S Swins Culibration Service

Aceraditation Ne.: SCS 0108

DAE

data acquisition electronics

Connector angle  information used in DASY syslem lo align probe sensor X 1o the robol

coordinate system.

Methods Applied and Interpretation of Parameters
* DC Voltage 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 vollmeter in the respective range.

= Conneclor 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 contain technical information as a
result from the performance test and require no uncertainty.

DC Voltage Measurement Linearily: Verilicalion of the Linearily at +10% and -10% ol
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.

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

AD Converter Values with inputs shorled: Values on the internal AD converter
corresponding to zero input voltage

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

Input 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 conneclor,
during internal auto-zeroing and during measurement.

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

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

Cerfificale Mo: DAE4-1226 May20 Page 2 ol &



DC Voltage Measurement
AD - Converter Fesolution nominal

High Ratige: 1LEB:= BV, ull range = -100.. 4300 mV
Low Range: 1LE8 = H1nV, ll ange = <1......+3mV
DASY measurament parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Calibration Factors X Y Z
High Range 404.644 + 0.02% (k=2) | 404.410 £ 0.02% (k=2) | 404.128 £ 0.02% (k=2)
Low Range 3.88010 1 1.50% (k=2) | 4.00441 £ 1.50% (k=2) | 3968517 £ 1.50% (k=2)
Connector Angle
Connector Angle 1o be usad in DASY system 2835°+x1°

Centificate No: DAE4-1226_May2() Page 30l 5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Inpul 200036.25 2.48 .00
Channel X + Input 20007 54 238 0.01
Channel X < Input -20005.86 0.51 -0.00
Channel Y + Input 200033.61 0.21 -0.00
Channal Y + lnput 20003.31 -1.72 0.0
Channel Y = Inpit -20007.95 -1.58 001
Channel 2 + Input 200035 07 143 0,00
Channol Z # Input 20004.81 -0.10 .00
Channel Z = input 20007 44 -1.04 0.01
Low Rarge Reading (uV) Dillerence (uV) Error (%)
Channel X + Input 2000.93 016 0.0
-Channﬂi X + Input 200.14 -0, 66 -0.33
Channel X « Input - 169,83 071 0.396
Channel ¥ + Input 2000.72 015 0.01
Channel ¥ + Input 189,44 1,19 40.50
Channel ¥ = lnput -200.55 -1.28 0.65
Channel Z + Input 2000.71 n.1a 0.01
Channel 2 + Input 200.02 -0.61 0,31
Channeal Z « Input -188.97 -0.66 0.33
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common moda High Range Low Hange
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 507 2,80
- 200 -2.74 4.97
Channel Y 200 -£,89 -9.14
-200 T.09 6.94
Channel Z 200 729 T.53
- 200 553 5.89
3. Channel separation _
DASY measurement patameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) | Channel Z (uV)
Channel X 200 - 2.16 -3.66
Channel Y 200 #1e - 3.60
Channel Z 200 932 565

Carificate No: DAE4-1226_May20
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zeto Time: 3 sac: Maasuring time: 3 sec

High Range (LSB)

Low Range (LSB)
Channel X 1E082 12468
Channel ¥ 15897 17438
Channel Z 16007 15611

5. Input Offsel Measurement
DASY measwement paramelars: Auto Zero Time: 3 sec: Measuring lime; 3 sag

I 10ML
Avaerage (uV) min. Offsel (uV) | max. Offset (V) Sto, ?:,:;E“D"
Channel X -(1.34 -1.14 0.42 0,38
Channel Y -0.09 -1.14 0,85 0,39
Channel 2 -0.81 -1.86 1.00 .41
6. Input Offset Current
Nominal Input cireuitry offset current on all channals: <2514
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typicai values lor infarmation)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.5
Supply (- Vec) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vee) +0.01 +14
Supply (- Vec) =0.01 -8

Certiticate No: DAE4-1226_ May20

Page 5ol 5




Calibration Laboratory of AN

A S Schwelzarischer Kalibrierdienst
Schmid & Partner fa e c Sarvice suisse d'etalonnage
Engineering AG Tt S Sarvizo svizzero di Brstora
Zsughaussirasse 43, B4 Zurich, Switzariand ok Swisa Calibration Service

frzredied by the Swiss Accreditgiion Service (SAS) Accreditstion No.: SCS 0108

Tha Swies Accreditation Service |s one af the sigristories to the EA

Multitatsral Agreement for the recognition ol calibration certificates

client  Sporton

Certificata Ho: EX3-3819_Apr20

CALIBRATION CERTIFICATE

Ciopect

Calibeutin procedurs(s)

Caalibration dats

EX3DV4 -SM:3819

QA CAL-01.48, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25.7T

Calibratic cadlits for desifietric E:Asld probos

Callbration Equipment uzad (METE critical for callbration)

This talibration cemilicate decurmsnts he rEoesbiity to nafionsl siandards; which jaaiize the physcal unils of measursments (81
Tha messlismants and e uncaraintes with canfidsncs pobabilly ars given o tha following pagoes andare part of the serttcate

Al esilbrations have been condugtsd o the clossd labomtory f=fity. eoviconment lampormluts (22 3 3)°C and fiumdity < T0%.

Primary Standards D Cal Dats {Cerfificats Ko, Scheduted Calibmtion

Puwes malir NP SN 14778 01-0pr-20 [No. 21 7-03100/83101) Apr21

Power ssnsor NRP-Z83 SN 103244 01 -Ap=20 (No. 217-03100) Aprd]

Powes sencor NRP-Z91 SN 103245 01-Apr-20 (Ne. 217-03101) Apra

Referance 20 48 Atl=nuslon SN CCI552 (208 31-Mar-20 (No. 217-02108) Apr2

DAES Shl gl 27:0ee-18 (Mo DAESH60_Dacid) Disc-2

Referance Probe ES30N2 SN M3 31-Dep-12 (Mo E53-3013_Dec1y) o241

Sacondary Standards i Chech Date (in houss) Seheduled Chinck

Fowss melar E44198 SH: GEA1203874 06-Apr-18 {in house check Jun-18) 1 ousa shack: Jun-20

Power sensor Ed4124 SN MY 4140504T 06-Apr-16 [in hiouse check Jun-18) In house chesk: Jun-20

Power sarmol E4412A SH: 00170210 06-2pr- 10 (in house check Jus-18) Ih houss check: Jun-20

AF genermtos HP BEABC SN US3E4F001700 04-4410-99 (in house check Jun-18) I house chech: Jun-20

Nehwork Anslyzel E8358A SN: US4 1080477 31-Ma-14 (in house chack Oct-15] in house check: Oe-20
Name Funcion Signiaturs

Calibrated by Lsif Klyssar Liaboratery Technician iﬂ f @

Approved by, Katia Pokovic

Tethnlial Manager /’Z@

Thils calitvslicn certificate shal nol be reprodunsn gxcepl i full withou! wrillen appreval of the laborstony

Issusd! Aprll 30, 2070

Cerlificale Ne; EX3-38108_Apr20

Page 10l 9




=

Schwelzerischar Kalibrinrdienst
Sorvice sulzte détalonnags

Calibration Laboratory of SR e, CII
Schmid & Partner A ()

'~'|.

nhow

Engineering AG ) e Servizlo svizzeTo Gi taratura
ZeughaussiTasse 43, 8004 Zurich, Swithariand %, "f;-'-T_-.?I‘i_.-‘" Swies Callbratlon Service
Arcradiind by ihe Siviss Aooreditallon Service (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one ol the signatorios to the EA
Multiiateral Agreement for the recognition of callbration certificates
Glossary:

TEL tissua simulating liquid

NORMux,y.2 sensitivity in free space

ConvE sensilivity in TSL / NORMx,y.2

DCP rliode compression paint

GF erest factor (1/duty_cycle) of this RF signal

AB.C,D medulation dependent linsatization parameters

Polarization inratation around probe axis

Polarzation 8 % rotation around an axis that is in the plane nommal o probe 3xis (al measurement canler),
i, 8 =0 s nomal to probe axis

Conneptor Angle information used In DASY system to align probe sensaor X 1o the robol coordinate systam

Calibration is Performed According to the Following Standards:

al |EEE Std 1528-2013, “IEEE Regommendad Praclica for Delermining the Peak Spatial-Averaged Spacific
Absorption Rate (SAR) In the Human Head from Wirsless Communications Devices: Measuramen
Techniques", June 2013

bl IEC 62209-1, ", "Measuremen| procedure for the assessment of Specilic Absarption Rats (SAR) fram harid-
held and body-mounited devices used next to the ear (frequency range of 300 MHz to @ GHz)'", July 2016

¢) IEC 62209-2, “Procedure to determing the Specific Absorption Rate (SAR) for wirsless communication devices
used In close proxirity to the human body (frequency range of 30 MHz to 8 GHz)" March 2010

d) KDB BES664, “SAR Messurement Requirements for 100 MHz to 6 GHz”

Methods Applied and Interpretation of Parameters:

s NORMx,yz Assessed for E-field polarization & = 0 {f < 900 MHz in TEM-cell, f = 1800 MHz R22 waveguide),
NORMY,y,z are only intermediale values, Le., the uncertainlies of NORMx y,z dees not affect the £ fiald
uncartainty inside TSL (sea below ConvF).

«  NORM(fix,y,z = NORMx,y,z * frequency_respanse (see Frequency Response Chart). This inearization is
implamented in DASY4 software varsions later than £.2. The uncertanty of the frequency response s Inclutded
It the stated uncerainty of ConvF,

s DCPx,yz: DCP are numerical linearization parameters assessed based on the dala of powear swesp with CW
signal (no uncentainty required). DCP does naot depend on frequency nor media.

» PAR' FAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics _

o AxyZ Bxy.z: Cryz Duyz VRxy.z: A B, C, D are numerical linearization parametars assessed basad an
the data of power sweep for specific modulation signal. The parametars do nol depend on fraquancy nor
madia, VR is the maximum calibration range axpressed in RMS vollage across the diods.

«  ConvF and Boundary Effect Parameters; Assessed In flat phantom using E-field (or Temperalura Transfer
Standard for 1 < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for T > 800 MHz. The same setups are used for assessmaril of the parameters applied for
boundary compensation (alpha, depih) of which typical uncertainty values are given. These paramelers are
usad in DASY4 software to improve probe accuracy closs to the boundary. The sansitivity in TSL corresponds
to NORMs,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF ia used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
hHz

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

» Sensor Offsef: The sensor offset corresponds to the offsst of virtual measurement center fram the probe tip
(on probe axis). No tolerance required.

« Connectar Angle: The angle is assessed using the infarmation gained by delermining the NORMx (no
uncertzinty raguired).

Cartificaie No: EX3-3619_Apr20 Paga2of8



EXIDVE —Sh 318

Basic Calibration Parameters

April 30, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Sensor X SensorY Sensor £ Unec (k=2)
Narm {uwéwmj“}’-* 0.46 D1 0.46 £101%
| DCP (mV) 104.6 1015 102.0
Calibration Results for Modulation Response
uip Communication System Nama A B C b VE Max Une"
dB dBvuv dBE: my dev. (k=2)
D W X 0.0 0.0 1.0 000 | 156.7 | £35% | t47%
¥ 0.0 0.0 10 1485
| Z 0.0 0.0 10 1392

The nal:rortﬁd uncartainty of measurement is stated as the standard uncerlainty of measuremeni

mittipl

ed by the coverage factor k

probability of approximately 95%.

=2, which for a normal distribution corresponds to a coverage

* THi nsEraintes of Nom XY Z do nok affass the E sl uncertainty insida TSL (ses Page 5

" Wumerral linesrization parameten uncertamty net regulred.

' Unceaity B detemined uslng he max devistion from inesr responee applying reclanguisr distrpution Snd @ sxpressad for the squars of the

Tieeled vatue

Cetificate No; EX3-3849. Apr20
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ExADV4- BN:3816 April 30, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Other Probe Parameters

Sangor Amangement Triangular
Connectar Anate () 113.9
Mechanical Surface Detaction Mode enabled
Opiical Surface Detection Mode disabled
Proba Overall Langlh 337 mm
| Probe Body Dismeter 10 mm
Tip Langth S mm
Tip Ciamaler 2.5mm
Frabe Tip to Sensor X Caliralion Poinl 1 mm
Prabe Tip lo Sensor ¥ Calibration Poinl 1 mm
Probe Tip o Sensor Z Calibration Fainl 1 mrt
Recommended Megsurement Distance from Strface 1.4

Certificata Mo: EX3-3819_Apr20 Page 4 of 9



EX3DV4- SN:3818 April 30, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Head Tissue Simulating Media

Relntive Conductivity | Depth © Unc
fiMHz) S | Permittivity” (8im)* ConvEX | ConvFY | ConvFZ | Alpha® ! (mm) (k=2)
750 419 0.89 9.84 9.64 .64 0,52 0.80 £120%
836 41.5 0.90 9,39 9,39 9.29 0.50 0.80 +120%
o 415 0.97 926 9.26 9.26 (.39 0.98 +120%
1750 40.1 1.37 843 8.43 8.43 0.34 0.80 £120% |
1600 40.0 1.40 8.10 8.10 8.10 047 0.80 +12.0 %
2000 40,0 1.40 7.95 7.5 7.95 0.30 0.86 +£12.0%
2300 395 1.67 7.66 7.66 7 E6 0.32 0.80 +120%
2450 39.2 1.80 7.42 742 7.42 0.38 0.90 +£12.0 %
2600 39.0 1,98 7.22 7.22 7.22 0.38 0.80 £120%
3300 382 2.7 6.91 6.91 8.91 0.20 1.20 +14.0%
3500 370 2.9 6.84 6,84 8,84 025 1.20 +14.0 %
3700 3rT 312 6.76 B.75 6.76 0.25 1.2 +14.0 %
3900 a7.5 3.32 640 6.40 6.40 0.30 1,60 +14.0 %
4100 ar.2 353 6:38 £.39 6.30 (.30 1.60 +14.0 %
4400 36.9 3.84 6.07 6.07 6.07 0.30 1.60 + 14,0 %
4600 36.7 4.04 5.08 5,98 508 0.30 1.70 +14.0 %
4800 36.4 4.25 5.88 5.88 5.88 0.45 1.80 +14.0 %
4960 36.3 4.40 572 5,72 572 0.45 1.80 +14.0 %
5250 35.9 471 5.02 5.02 5.02 0.40 180 | #14.0%
5600 35.5 5.07 4.56 4.56 4.56 040 1.80 +£14.0%
5750 35.4 522 483 453 4.63 0.40 1.80 +14.0%

F Frequensy valdity abiove 300 MHz of + 100 MHzonly appliss for DASY v4.4 and higher isee Page 2), slee fl 2 festricted ta o+ 50 MHz Tha
uticesinty (s the RSS of the ComE uncarainty at callbration frequency and the uncertminly for \ha Indicated freqlancy band. Fiegquanty validity
bl 300 MHz i34 10, 25, 40, B0 and 70 Mz for ConvF assassmants at 30, 64, 128, 150 and 220 MHz respestivaly, Validity 6F ConvF nesssssd al
G MHz Is 4-9 MH:. and ComvE assessed ot 13 MHz 818 MHz Above 5 GHr fraguiancy valldily can be extanded 1o = 110 MHz

" Al treduencigs Lp to © GHz. tha valldity ot tissue parameters (i ond o) can be relaxed to = 10% if iquid compensaton farmuia s applisd to
measured SAR values. The uncertaiity is ffe RSS of the ConvF uncertainty for indicaled targel tiszue pammetss.

" slpha/Depth are detemined during calibestion. SPEAG warrents that Ihe remaining daviafipn due 1o the baynizary affect aftar comprnsation s
always fese than = 1% for frequencies balow 3 GH2 and below & 2% fnr frequenciss between 3-8 GHz at sny distance tatger than kall the pmbe tip
digmates lrom the boundary. '

Caortificate No: EX3-3818_Apr20 Page:5of @



EX3DV4—Sh-3E19

Freguency response (nomalized)
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Frequency Response of E-Field
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Uncertainty of Frequency Responss of E-field: +6.3% (k=2)




EX3DWVa— SN:3818 Apri A0, 2020

Receiving Pattern (¢), $ =0°

=600 MHz. TEM =1800 MHz R22

.
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Uncertainty of Axlal Isotropy Assessmant: £ 0.5% (k=2)
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April 30, 2020

EX30V4- SN:3818

Dynamic Range f(SAReaq)

(TEM cell , foua= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Cerificats No: EX3-3818_Apr20
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EXIDV4- SN:2818

Apnl 20, 20

Conversion Factor Assessment

I'= 806 MiHz. WGLS R8(H_convF) { = 1900 MHz WELS R22 (H_convF)

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

Crvialinh

«10 +08 05 L4 -U2 00

g2 04 08 0O (1)
Ungertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certilicato Mo: EXI-3818_Mpr20
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzorland

Accrediod by the Swins Accrediiatiun Service {S85)
The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agresment for the meognition of calibration certificates

Callbration dale

== Q)¢

Schwuizerischor Kalibrierdionst

Sorvizio svizzoro di tarmfura
Swins Calibration Sorvice

Accreditation No.: SCS 0108

Callbtalicn Equiptnet bsed (METE critical ot esibiation)

mnw'wmwmmmma-mmmm.mmmm units of mensarements (51,
memmmmmmmmmwmmmmmmmmmmm

Al callbmbons nave bean conductsd m the closed eboratory fecifity: envieonmaent lemperiure (22 = 3)°C and humidity < 70%

- Primary Standurs 1¥] Chal Dats (Cartlficate No, Sehaglylad CalibrEion
frowar meter NRP SN, 104778 03 Apr-19 (No, 217-02802/02803) | Apr20
Fowar sensar NRP-Z61 SN 103244 03-Apr-10 (No. 217-02802) Ape-20
Power sanaor NEP-281 SN: 103245 03-Apr-19 {No. 217-02803) Ape-20
Asference 20 dB Allanuator SM: S5ITT (2Ux) (4-Apr-18 (No. 217-02804) Apri20
[AEA SN, Bl 27-Diec-10 (No. DAF4-660_Dec1d) | Dec20
Reference Probe ES30VE SN 3013 41-Dec-19 (No. £53-3013. Doc18) | Dee-20
Secondary Standards D Chesk Date {in houss) Schedulod Chisck
Powat mter EA4158 Shi: GB41293874 06-Apr-16 (in house check Jun-18] | In house check: Jun-20
Power senscr E44124 Sh; MY4148B087 06-Apr-16 (0 howsa check Jun-18] | In houss check: Jun-20
Foar sannor Ed4 128 SN 00110210 08-Apr-16 (in house chack Jun-181 | In boupe gheck: Jun-20
RF genaralor HP 86480 SN LIS38AZU01 700 O4-Auig-88 (in houss check Jun-18] | |n house check Jun-20
MNistwork Anabyzor ESI50A SN LUBE10804TT 31-Mar-14 {in hoysa check Oct-18) In house check Oct-390
Callibrated Dy
Approved by

This calibration carfificate shall not be reproduced except in Tull without witten sppraval of The Ebaratory

Temund. January #5, 2020

Cerlfficale No. EX3-7578_Jan20
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Calibration Laboratory of ﬁﬂgﬁrxﬁi S  Schwoizsrischer Kalibrierdionst
Schmid & Partner e G Service suissa détalonnage
Engineering AG % Servizio svizzero di taratura
Zoughausstragse 43, B004 Zurich, Swiznrland ﬁﬁﬁ\* S Swiss Calibration Servicey
LU T L
Aecroditng by (e Swiss Accraditalion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Service is.onoe of the signiatories (o tho EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liguid
NORMx.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DCP diode compression paint
CF crest factor (1/duty_cycle) of the RF signal
A.B.C.D modulation dependant linearization parametars
Polarization ¢ i rotation around probe axis
Palarlzation % & rotation around an axis that is in the plane normal to probe axis (at measurement canter),
i, 8 =0 normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the rabot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorplion Rate (SAR) in the Human Head from Wireless Communications Devices: Measurament
Technigues”, June 2013

b} |EC 62208-1, * “Measurament procedurs for the assassment of Specific Absorplion Rate (SAR) from hand-

" held and body-mounted devices Gsed hext 1o the ear (frequency range of 300 MHz to 6 GHz)", July 2018

o} 1EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
wsed in close proximity to the human body (frequency range of 30 MHz to 6 GHz}", March 2010

dl KDB 865664, "SAR Measurement Requirements for 100 Mz 10 6 GHZ™

Methods Applied and Interpretation of Parameters:

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

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

s DCPx.y,z: DCP are numerical linearization parameters assessed based on the data of power sweap with CW
signal (no uncertainty required), DCP does not depand on frequency not media.

s PAR'PAR is the Peak to Average Ratio that is not calibrated but determined based oh the signal
charactaristics

«  Axy.z Biyz Cxyz Dryz VRxy.z A B, C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. Vi 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 MHz2) 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 uncerainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sansitivity in TSL corresponds
to NORMzx, v,z * ConvF whereby the uncertainty correspends to that given for ConvF. A frequency dependent
CanvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz

s Spherical isotropy (30 deviatioh from isotropy): in & field of low gradients reslized using a fiat phantom
exposed by & palch antanna,

« Sansor Offset The sensor offset corresponds to the offset of virtual measurement center from the prabe tip
fan probe axis). No tolerance required.

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

Cerlificate No: EX3-7676_Jan20 Page 2of 9



Exabva - SN-7576

January 22 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7576

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/(Vim)*)" 0.48 063 0.63 £ 101 %
_DCP (mV 103.8 99.8 103.6
nse
uiD Communication System Name A B c D VR Max unc.
a8 dBVpV d8 my dev. {k=2)
0 cw % 0.0 0.0 1.0 000 | 1684 | 227% | 247 %
Y 0.0 0.0 1.0 1618
z 0.0 0.0 1.0 164.7 ]

The mt:»orted uncertainty of measurement is stated as the standard uncerainty of measurement

multiplied by the coverage factor k=
probability of approximately 95%.

2, which for a normal distribution corresponds o a coverage

* The uncertgintien of Norm XY Z do not affect the E-fisid uncestainty inside TSL (see Pags 51,
" Numarnical linearization parametar. uncentainty ned teguied
¥ Uncertainty is detemmined uaing the max. devinlion from fines: fespanus applying rectingular dlstribdton and in oxpressed for the squene of e

fislef value

Corificate Mo EX3-TETE_lan20
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EX1IDV4- SNTETH

January &2, 2080

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7576

Other Probe Parameters

Sensor Arrangement Triangular
Cannector Angle () 1122 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip l.ength g mm
Tip Diameter 25mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probe Tip lo Sensar Y Calibration Point imm
Probe Tip to Sensor Z Calibration Point 1 mm
Recammended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-7576_Jan20

Page 4 of 9



EX30Va— SN.T5TE January 22, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7576

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz} © Mﬂa' cu?dm'::;mw ComvFX | ConvFY | ConwFZ | Alpha® "{?n"ﬂ’:" tujl-:lf}
750 41.9 0.89 10.71 10.71 10.71 0.62 080 | £120%
B3 41.5 0.90 10.45 10.45 1045 | 046 094 | 2120%
ano 415 0.97 10.16 10.16 10.16 0.33 109 | $120%
1750 40.1 1.37 5.88 8.88 8.88 042 0.88 +12.0 %
1900 40.0 1.40 B.58 8.58 8.58 0.3a 0.88 +120%
2000 40.0 1,40 8.48 8.48 8.45 0.39 088 | £120%

2300 30.5 167 8.03 8.03 .03 0.41 080 | $120%
2460 39.2 1.80 7.76 7.76 7.76 0.44 080 | +120%
2600 39.0 1.96 TAT 747 TAT 0.41 0.96 +12.0%
3300 8.2 271 7.08 7.08 7.08 0.30 1356 | +140%
3500 a7.9 291 6.77 6.77 6.77 0.30 1.35 2 14.0%
3700 377 3.12 6.74 6.74 6.74 0.30 136 | +14.0%
3900 37.5 3.32 6.56 6.56 6.56 0.40 140 | 214.0%
4100 ar.2 3.53 6.26 6.26 6.26 0.40 140 | z140%
4400 36.9 3.84 6.19 £.19 6.19 0.40 160 | +140%
4600 36.7 4.04 6.06 .06 6.06 0.40 160 | 2140%
4800 36.4 4.25 5.89 5.89 5.89 0.40 180 | +140%
4950 36,3 4.40 5.59 5.59 5.59 0.40 180 | 2140%
5250 359 4.71 5.20 5.20 5.20 0.40 180 | +140%
5600 36.5 5.07 4.62 462 4.62 0.40 180 | £140%
5750 35.4 5.22 4.83 483 483 0.40 180 | +140%

£ Frequancy valldity abaye 300 MHz of + 100 MHz ant for DASY va.4 and higher {(see Poge 2), else #15 resinciod (o 2 50 Mz, The
Uncerainty i (hs RSS of the ConvF mmmﬂd&aﬁnimmmmmmhmmdw requenay band, Frequency valldiy
below 300 MHz in £ 10, 25. 40, 50 and 70 Mz for ConvF aasessments at 30, 64, 128, 150 ond 220 MHz respectiveiy. Validity of Comd aasessed al
EMhMMmuﬂanwFummdMﬂMquﬂ 18 MHz. Above 5 GHz Fieglensy vialidity con be extendesd lo = 110 MHz.

" At frequancies up to & GHz, the validity of issue parameters (kand a) can berefaoed 1o+ 10% @ Hquid compensahion formuls s appled 10
measured SAR values. The uncertalnty s the RSS of the ConvF uncantainty for indicsted targst tnsls parsmetars

Y AlpheDegth are determined duning calibeation. SPEAG wamants that 1he remaming deviation dus (o the boundary sffest aftan compensanion =
nlways iees than & 1% for frquencive balow 3 GHz and below = 2% for froquencies befwes 3.6 Gz ab any ditnce larmer than hail the probe tp
diamatar fram the boundary.

Cartificate No: EX3-7576_Jan20 Page Sof @



EXanvVie- aNT5T8 January 22, 2020

Frequency Response of E-Fieid
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Responsa of E-field: £ 6,3% (k=2)
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EXADV4- SN:T576 January 22, 2020
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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EX3IDVA- SN:T570 January 22, 2620

Dynamic Range f(SARpeaq)
(TEM cell , fouw= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN-T5T6

January 2. 2020

Conversion Factor Assessment

f = 835 MHz WGLS RS (H_convF) f= 1900 MHz WGLS R2Z [H_conF)
§i

2 jus
' .
- D ]

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

[ap o= @

ibbopos

1.4 <08 08 -04 02 02 02 04 ©05 028 12

Unceriainty of Spherical Isotropy Assessment: £ 2.6% (k=2

Cerfificate Nao; EX3-T576_Jan20
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Add: Ne 51 Xuecyuun Roud, Haidian Districl, Beijing, 100191, China 4, ARt CNAS LOSTO
lel: 486-10-62304633-2512 Fia; +B6=10-62304633-2504
E-mail; enli@ehingtt) com Hitp: ! swww.chinotlen
Client Auden Certificate No: Z20-60166
CALIBRATION CERTIFICAT
Object EX3DV4 - SN : 3826

Calibration Procedure(s) FE-Z11-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: May 20, 2020
This calibration Certificate documents the traceability 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 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 D # Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 18-Jun-19(CTTL, No.J18X05125) Jun-20
Power sensor NRP-Z91 101547 18-Jun-18(CTTL, No.J18X05125) Jun-20
Power sensor NRP-Z81 101548 18-Jun-18(CTTL, No.J18X05125) Jun-20
Reference 10dBAttenuator | 1BN50W-10dB  10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAftenuator | 1BNS0W-20dB 10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 SN 3617 30-Jan-20(SPEAG, No.EX3-3617_Jan20/2) Jan-21
DAE4 SN 1556 4-Feb-20(SPEAG, No.DAE4-1556_Feb20) Feb-21
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 18-Jun-19(CTTL, No.J18X05127) Jun-20
Network Analyzer ES071C MY46110673  10-Feb-20(CTTL, No.J20X00515) Feb-21

MName Function Signature

Calibrated by: Yu Zongying SAR Test Engineer % }ﬁ.\.’:ﬁt)

Reviewed by: Lin Hao SAR Test Engineer e r}ﬁ Mo

Approved by: Qi Dianyuan SAR Project Leader e

lssued: May 22, 2020
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

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

ABCD modulation dependent linearization parameters

Polarization ® @ rotation around prabe axis

Polarization 8 & rotation around an axis that is in the plane normal to probe axis (al measurement center), |

8=0 is normal to prabe 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) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques”, June 2013

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

c) |IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
devices used In close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

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

Methods Applied and Interpretation of Parameters:

o NORMyx, y 2z Assessed for E-field polarization 8=0 (f<800MHz in TEM-cell, f>1800MHz: waveguide).

NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E’ field uncertainty inside TSL (see below ConvF),

o  NORM(fx vz = 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.

o DCPx y z: DCP are numerical linearization parameters assessed based on the data of power sweep
(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.

o Axyz Bxyz Cxyz;VRx yz:AB,C 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<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued 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+50MHz to+100MHz.

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

« Sensor Offsef: 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 uncartainty required).

Certificate No:Z20-60166 Page 2 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:3826

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/I(Vim)*)» 0.48 0.41 0.36 +10.0%
DCP{mV)® 100.2 99.8 103.2

Modulation Calibration Parameters

uUiD Communication A B C D VR UncE
System Name dB dBuV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 160.2 +2.7%
Y 0.0 0.0 1.0 141.6
Z 0.0 0.0 1.0 130.8

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
Corresponds to a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 4).
8 Numerical linearization parameter: uncertainty not required.

£ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate No:Z20-60166 Page 3 of'9
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3826

Calibration Parameter Determined in Head Tissue Simulating Media

(e]

f (MHzI® P:::I;uﬂ:i:y : c“"‘:;f::::t’ ConvF X | ConvF Y | ConvF Z | Alpha® E:?::; :':':‘:]'
750 418 0.89 9.37 9.37 937 | 040 | 080 | +12.1%
836 415 0.90 9.12 9.12 912 | 047 | 126 | £121%
900 415 0.97 9.10 9.10 910 | 048 | 1.30 | £121%
1750 401 1.37 7.98 7.98 798 | 049 | 114 | £12.1%
1800 40.0 1.40 7.67 7.67 767 | 022 | 114 | +12.1%
2000 40.0 1.40 7.77 7.77 777 | 024 | 110 | +12.1%
2300 395 167 7.36 7.36 736 | 051 | 073 | £12.1%
2450 39.2 1.80 7.42 712 742 | 053 | 072 | +12.1%
2600 39.0 1.96 6.94 6.94 694 | 045 | 085 | +12.1%
3500 379 2.91 6.62 6.62 662 | 039 | 088 | +13.3%
5250 36.9 471 5.09 5.09 509 | 045 | 1.30 | ~13.3%
5600 365 5.07 4.66 4.66 466 | 045 | 140 | £13.3%
5750 364 5.22 4.68 4.68 468 | 046 | 140 | £13.3%

€ Frequency validity above 300 MHz of +100MHz only applies for DASY v4 4 and higher (Page 2), else it is restrictad to
+50MHz. The uncertainty is the RSS of 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, Above 5 GHz frequency validity can be extended to £ 110 MHz
F At frequency below 3 GHz, the validity of tissue parameters (£ and o) can be relaxed to £10% i liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of issue parameters (e and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

% Alpha/Depth are determined during calibration. SPEAG warranis 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 the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No:Z20-60166
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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 (®), 8=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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Uncertainty of Linearity Assessment: £0.9% (k=2)

Page 7 of 9

Z20-60166

Certificate No



&®

%—“TTL s peag

Add: No.31 Xueyunn Road, Haidian Districe, Beijing, 100191, China
Tel: +86-10-62304633-2512 Fa: +86-10-62304633-2504
E-matil: eitl@gchinanl.com Hup:faww chinaid.co

Conversion Factor Assessment
f=750 MHz, WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3826

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 515
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point Tmm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z20-60 166 Page 9 of 9
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Client Sporton Certificate No: Z19-60084
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1090

Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits
Calibration date: March 27, 2019

This calibration Cerfificate documents the traceability 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 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 ID# Cal Date{(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 20-Aug-18 (CTTL, No.J18X06882) Aug-19
Power sensor NRPES 104201 20-Aug-18 (CTTL, No.J18X06862) Aug-18
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG,No.EX3-3617_Jan19) Jan-20
DAE4 SN 1331 06-Feb-19(SPEAG No.DAE4-1331_Feb19) Feb-20
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Genaralor E4438C | MY49071430 23-Jan-19 (CTTL. No,J19X003386) Jan-20
NetworkAnalyzer ESO71C | MY46110673  24-Jan-18 (CTTL, No.J1 ax00547) Jan-20

Name Function Signature

Caltbrated by: Zhao Jing SAR Test Engineer —5 7

Revisuad by: Lin Hao SAR Test Engineer 7

Approved by: Qi Dianyuan SAR Froject Leader %

Issued: March 29, 2019
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 / NORMx,y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure lo radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

c) 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 Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel 1o 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 conneclor to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required,

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

¢ SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncerlainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z19-60084 Page 2 of B
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Measurement Conditions
DASY system configuration, as far as nol glven on page 1.
DASY Version DASYS52 52.10.2.1405
Extrapolation Advanced Extrapoiation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resaolution dx, dy, dz = 5 mm
Frequency 1750 MHz + 1 MMz
Head TSL parameters
The following parameters and calculations were applied.
Tempearature Permittivity Conductivity
Nominal Head TSL parameters 20°C 401 1.37 mhaim
Measured Head TSL parameters {22.0+0.2)"C 413+8% 1.37 mho/m £ 6 %
Head TSL temperature change during test <1.0°C —_— —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.04 Wikg
SAR far nominal Head TSL parameters normalized to 1W 36.4 Wikg £ 18.8 % (k=2)
SAR averaged ovor 10 cm’ {10 g) of Head TSL Condition
SAR maasyred 250 mW input power 4.78 Wiy
SAR for nominal Head TSL parametars normalized to 1W 19.2 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramoters 220°C 534 1.48 mhoim
Measured Body TSL parametors {220+ 0.2)"C 550+6% 145 mho/m £ 8 %
Body TSL temperature change during test <1.0°C — —
SAR result with Body TSL
SAR averaged over 1 ¢’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.21 Wikg
SAR for nominal Body TSL parameters normalized to 1W A7.7 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 4,80 Wikg
SAR for nominal Body TSL parameters normalized 1o W 19.9 Wikg + 18.7 % (k=2)

Cenificale No: Z19-60084
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to fesd paint 47 50)- 2.34 |0
Ratum Loss -202dB

Antenna Parameters with Body TSL

Impadance, transformed lo fead poinl 4380-210i0
Return Loss -232d8

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.085 ns

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
accerding to the position as explairied 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

Manufaciurad by SPEAG

Centificate No: Z19-60084 Page 4 of &
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DASYS Validation Report for Head TSL Date: 03.26.2019

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1090
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cyele: 1:1
Medium parameters used: = 1750 MHz o = 1.37 S/m; g, = 41.27; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

«  Probe: EX3DV4 - SN3617; ConvF(8.38, 8.38, 8.38) @ 1750 Miz; Calibrated:
1/31/2019

«  Sensor-Surface: | 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Snl1331; Calibrated: 2/6/2019

« Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

«  Measurement SW: DASYS2, Version 52.10(2); SEMCAD X Version 14.6.12
(7450)

System Performance Cheek/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 89.03 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 17.1 W/kg

SAR(1 g) = 9.04 Wikg; SAR(10 g) = 4.79 W/kg

Maximum value of SAR (measured) = 14.2 Wikg

dB
|
-3.36 |
b.72

10,07 ‘

-13.43 !

-16.79

0dB =142 W/kg = 11.52 dBW/kg

Certificate Mo 2 19-60084 Poge S ol s
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 03.26.2019
Test Laboratory; CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serinl: DI750V2 - SN: 1090
Communication System: UID 0, CW; Frequency: 1750 MHz Duty Cycle: 1:1
Medium parameters used: = 1750 MHz: o = 1.449 S/m; g, = 54.97; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

«  Probe: EX3DV4 - SN3617; ConvF(8.03, 8.03, 8.03) @ 1750 MHz: Calibrated:
1/3172019

= Sensor-Surface: |.4mm (Mechanical Surface Detection)

« Electronies: DAE4 Snl331; Calibrated: 2/6/2019

« Phantom: MFP_V5.1C ; Type: QD 000 P5S1CA; Serial: 1062

«  Measurement SW: DASYS2, Version 52,10 (2); SEMCAD X Version 14.6,12
(7450)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid;
dx=5mm, dy=5mm, dz=5mm

Reference Value = 93,13 Vim; Power Drift =-0,04 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR( g) =921 W/kg: SAR(10 g) = 4.89 W/kg

Maximum value of SAR (measured) = 14.2 Wikg

-13.03

-16.29

0dB=14.2 Wikg = 11.52 dBW/kg

Certificate No: Z19-60084 Page 7ol %
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Impedance Measurement Plot for Body TSL
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D1750V2, Serial No. 1090 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

1750V2 — serial no. 1090

1750 Head 1750 Body
Real Imaginary Real Imaginary
Date of Return-Loss Delta Delta Delta Return-Loss Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2019.3.27 -29.2 47.5 -2.3 -23.2 43.9 -2.2
2020.3.26 -29.8 -0.02 51.2 -3.66 -3.0 0.70 -25.0 -0.08 451 1.22 -2.17 -0.02

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Dipole Verification Data> D1750V2, serial no. 1090
1750MHz - Head

-

1750MHz - Body

LR

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Add: No 51 X Road, Hakdian District, Beijing, 100191, China 2, CALIBRATION
Tel! *sn-lu-ﬁzu;g:giﬁzm n:-r“‘uu.: -;ﬁ-hm-::}r;‘glwa-zm " m‘ CNAS L0S70
Eemudl: ettliichinattl com htipewwawochinatil en
Client Sporton Certificate No: Z19-60085
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 5d170
Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits
Calibration date: March 26, 2018

This calibration Certificate documents the traceability 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 parl of the cerlificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 20-Aug-18 (CTTL, No.J18X06862) Aug-19
Power sensor NRP8S 104291 20-Aug-18 (CTTL, No.J1BX06862) Aug-19
Reference Probe EX3DV4 | SN 3617 3-Jan-19{SPEAGNo EX3-3617_Jan19) Jan-20
DAEA4 SN 1331 06-Feb-19%(SPEAGNo.DAE4-1331_Feb19) Feb-20
Secondary Standards D# Cal Date(Calibrated by, Cerlilicate No.) Schaduled Calibration
Signal Generalor E4438C | MY49071430 23-Jan-19 (CTTL, No.J18X00336) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function Signature

Calfbrated by: Zhao Jing SAR Test Engineer g i,

Reviewed by: Lin Hao SAR Test Engineer ‘;Fd"-?"‘{)

s Qi Dianyuan SAR Project Leader =

Issued: March 29, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificate No: Z19-60085 Page | of §
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lossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016 '

¢) IEC 62208-2, "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 Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flal 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.

* Eleclrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

* SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is staled as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Correspends to a coverage probability of approximately 95%.

Certificute No: Z19-60085 Page 2008
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Measurement Conditions
DASY system configuration), as far as nol given on page 1
DASY Version DASYS2 52.10,2 1485
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following parametars and calculstions were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Meoasurod Head TSL parametors (220x02)*C 405+68% 1.44 mho/m £ 6%
Head TSL temperature change during test <1.0'C ore -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conaition
SAR measured 250 mW input power 9,90 Wikg
SAR for nominal Head TSL parameters normalized to 1W 39.0 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Candition
SAR measured 250 mW input power 5.12 Wikg
SAR for nominal Head TSL. parametars normalized to 1W 20.3 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL paramelers 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 545+6% 1.56 mho/m £ 6 %
Body TSL temperature change during test =1.0°C o -
SAR result with Body TSL
SAR averaged over 1 ¢/’ (1 g) of Body TSL Congdition
SAR measured 250 mW Input power 10.1 Wikg
SAR for nominal Body TSL parameters normalized to TW 40.0 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Body TSL Condition
SAR measurad 250 mW input power 5.28 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 21.0 Wikg £ 18.7 % (k=2)

Certificate No: Z19-60085

Page 3 of 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformad lo feed point 5170+ 6730
Retumn Loss - 23.3d8

Antenna Parameters with Body TSL

Impedance, transformed (o feed point 47 80+ 67240
Retum Loss - 22 8dB

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.068 ns

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 o the second arm of the dipale. 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 Condilions” paragraph. The SAR data are not
affacted by this change. The overall dipole length is still according 1o 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: Z19-60083 Page 4 of &
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DASYS Validation Report for Head TSL Dute: 03.26.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54170
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz: o= 1.441 S/m: g, = 40.48; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3617: ConvF(8.14, 8.14, 8.14) (@ 1900 MHz: Calibrated:
1/31/2019

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Snl1331; Calibrated: 2/6/2019

»  Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial; 1062

»  Measurement SW: DASYS52, Version 52,10 (2); SEMCAD X Version 14.6.12
(7450)

System Performance Cheek/Zoom Scan (7x7x7) (7x7x7)V/Cube 0: Measurement grid:
dx=3mm, dy=5mm, dz=5mm

Reference Value = 97.54 Vim; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 18.9 Wikg

SAR(1 ) = 9.9 W/kg; SAR(10 g) = 5.12 Wikg

Maximum value of SAR (measured) = 15.6 Wikg

dB '
] |

-3.57
=113 |
-10.70

14.26 ‘
&

0 dB = 15.6 W/kg = 11.93 dBW/kg

-17.83

Certificate No: Z19-60085 Page sof s
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 03.26.2019

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d170
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz: o = 1.56 S/m; g = 54.52; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

»  Probe: EX3DV4 - SN3617; ConvF(7.78, 7.78, 7.78) i@ 1900 MHz: Calibrated:
/3172019

« Sensor-Surface: L4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn1331; Calibruted: 2/6/2019

« Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

«  Measurement SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

System Performance Cheek/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, de=5mm

Reference Value = 9548 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 Wikg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.28 W/kg

Maximum value of SAR (measured) = 15.7 Wikg

= TS

-17.26

0dB =157 W/kg = 11.96 dBW/kg

Certificate No; 7 19-60085 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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D1900V2, Serial No. 5d170 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

1900V2 — serial no. 5d170

1900 Head 1900 Body
Real Imaginary Real Imaginary
Date of Return-Loss Delta Delta Delta Return-Loss Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2019.3.26 -23.3 51.7 6.7 -22.8 47.8 6.7
2020.3.25 -22.3 0.05 53.0 -1.26 7.4 -0.64 -22.5 0.01 49.2 -1.37 7.41 -0.69

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.

TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Dipole Verification Data> D1900V2, serial no. 5d170
1900MHz - Head

1900MHz - Body

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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5 P Schweizerischer Kalibrierdienst
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Engineal‘ing AG L Servizio svizzero di laratura
Zeughausstrasse 43, 8004 Zurich, Switzerland U NS S swiss Calibration Service
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Accradited by the Swiss Accreditation Servide (SAS) Acereditation No.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatories lo the EA
Multitateral Agresment for the recognition of calibration certificates

client  Sporton Certificate No: D5GH2V2-1113_Sep19
[CALIBRATION CERTIFICATE |
Crhiject D5GHzV2 - SN:1113
Caltbration precedure(s) QA CAL-22.v4

Calibration Procedure for SAR Validation Sources between 3-6 GHz

Calibration date: September 24, 2019

Thes calibration cerificats decuments the traceability to natioral standards, which realize tha phyeical units of measurements (S1)
The measurements-and the uncerainties with confidence probatilily are given an the following pages and are part of the certificats.
All eallbrations have been conducted in the closed Isboratory faciity: environment temperatura (22 + 3)YC and humidity < 70%.

Calbration Equipment used (M&TE critical for callbration)

Primary Standards 0 & Cal Date (Cartfiticate No.) Schaduled Calibrafion
Fower mater NAP SN 104778 03-Apr-18 (No. 217-02832/02883) Apr-20

Power zensor NAP-Z99 Sh; 103244 D3-Apr-19 (No. 217-02822) Apr-20

FPower sensar NAP-Z91 SN: 103245 D3-Apr-18(No, 217-02883) Apr-20

Fleferance 20 dB Aftenuator SN: 5058 {20K) O4-Apr-18 {No. 217-02824) Apr-20

Type-N mismalch combination SN:5047.2/ 06327  04-Apr-19 (Mo, 217-02885) Apr-20

Reference Probe EX30V4 5N; 3503 25-Mar-19 (No. EX3-3503_Mar{9) Mar-20

DAE4 SN; 801 30-Apr-18 (No, DAE4-E01_Aprig) Apr-20

Secondary Standards iDe Check Dat2 (in house) Schedulad Check
Power metar E44198 SN: GBIOS12475 014 (in house check Feb-18) In hotse check: Oct-20
Fower sensor HP 84814 SN US3r292783 O7-00-15 (in house check Oct-18) In house check: Oct-20
Powear sensor HP B4814 SN Mv41082317 O7-0ot-15 (in house check Ocl-18) In house check: Cel-20
AF generator A&S SMT-06 SN 100972 15-Jun-15 [in house check Cot-18) In holse chack: Oct-20
Metwork Analyzar Agilant E33584 l SN LIS41080477 3t-Mar-14 {in house cheek Oct-18) In holise chack: Oot-19

Mamie Function 5 ture
Calibrated by: Jaton Kastratl aboratory Techniian .|
¥
Approved by; Katja Pokovic Technical Manager W

lssued: September 25, 2019
This calibration cenificate shall nat be reproduced except in tull without written approval of the lsboratony,

Certificate No: D5GH2zV2-1113_Sep18 Page 1ot 8
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J SN G Schweizerischer Kalibrierdienst
Schmid & Partner D= G Service suisse diétaionnage
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Zeughausstrasse 43, 8004 Zurich, Switzerland TN S swiss Calibration Service
el
Accredited by tha Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recegnition af calibration certifjcates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power,

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

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

[ The re orted 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%.

Cerificate No: D5GHzV2-1113_Sep18 Page 2 of 8



Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS Ve2.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0mm, dz =1.4mm

Giraded Ratio = 1.4 (Z diraction)

Frequency

5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 359 4.71 mho/m
Measured Head TSL parameters (220z02)°C 35.1+6% 4,53 mho/m £ 6 %
Head TSL temperature change during test =0.5°C - --e-
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 W/kg
SAR for nominal Head TSL parameters nomalized to 1W 80.5 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g of Head TSL condition
SAR measured 100 mW input powear 2.33 Wikg

SAR for nominal Head TSL paramelers

normalized to 1W

23.1 Wikg + 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and catculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0 +0.2)°C 346+6% 4.88 mho/m £ 6 %
Head TSL temperature change during test <0.5°C ga22 —
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW inplt power 8.40 Wikg

SAR for nominal Head TSL paramaters

normalized to 1TW

83.4 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 100 mW input power 240 Wikg
SAR for nominal Head TSL paramaeters normalized to 1W 23.8 Wikg = 19.5 % (k=2)

Certificate No: D5GH2V2-1113_5ep13

Page 3 of 8




Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 344 6% 5.03 mho/m £ 6 %
Head TSL temperature change during test <05°C e —

SAR result with Head TSL at 5750 MHz

SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input pawer B.06 Wikg
SAR for nominal Head TSL parametars normalized to 1W 80.0 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 2.30 Wikg

SAA for nominal Head TSL parameters

normalized to 1W

22.8 Wikg £ 19.5 % (k=2)

Cerificate No: D5GHzV2-1113_Sepig
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point B170-62)0
Return Loss -24.0d8

Antenna Parameters with Head TSL at 5600 MHz

Impedarnce, transformed to feed point 5600 -2.7 0
Retun Loss -24.1 dg

Antenna Parameters with Head TSL at 5750 MHz

Impedarice, transformed to feed point 56.70-1.0j0
Retum Loss -239dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.185 ns

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 therafore 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 sxplained In the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length Is still
aceording to the Standard,

Mo excessive lorce 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: DSGHzV2-1113_Sep1d Page 5of 8



DASY5 Validation Report for Head TSL
Date: 24.09.2019

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: D5GHzV2 - SN:1113

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz

Medium parameters used: f = 5250 MHz; 0 =4.53 Sim; g =35.1;p=1000 kg!m:f .
Medium parameters used: f = 5600 MHz; o = 4.88 S/m; & = 34.6; p = 1000 kg/m” ,
Medium parameters used: f = 5750 MHz;, o = 5.03 S/m; &, = 34.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.4, 5.4, 5.4) @ 5250 MHe,
ConvF(4.95, 4.95, 4.95) @ 5600 MHz, ConvF(4.98, 4.98, 4.98) @ 5750 MHz Calibrated:
25.03.2019

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn601; Calibrated: 30.04.2019

« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASYS5252.10.2(1504); SEMCAD X 14.6.12(7470)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 78.54 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 2) = 8.09 W/kg: SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 18.1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 78.00 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 8.40 W/kg; SAR(10 g) = 2.40 Wikg

Maximum value of SAR (measured) = 19.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.13 V/m; Power Dnift = 0.03 dB

Peak SAR (extrapolated) = 31.8 Wikg

SAR(1 g) = 8.06 W/kg; SAR(10 g) = 2.30 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

Certificate No: D5GH2V2-1113_Sep13 FPage G ol B
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-18.00

-24.00

-30.00

0dB = 18.1 Wikg = 12.58 dBW/kg
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Impedance Measurement Plot for Head TSL

View Channel Sweep Cafbration Trace Srale Marksr  Systom

Ch 1 Awg= 20
Chi: Start 500000 GHz  ——

1 350000 GE=
= K {;r-.'r'.n'- o

e —
550006 GHe 51700
40215pF 4. 155 0
>3 A 60000 Gy 6 039 0
10447 o7 = 7100 0
3 TS0000 (M= =000
2 SEEpF -1 04180
at 5000 GHz a4 i,

el 1 B

e}

< :‘EUI 1) GHz

Lt 0] En it Aug= {20

Ch1: Grwt 5.00000 GHz

Avo=20Delay

Etop 800000 GHz

‘LCL

Certificate No: D5GHzV2-1113_Sepis Page 8of 8



SFORTON LAB.

D5GHzV2, Serial No. 1113 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

D5GHzV2 — serial no. 1113
5250 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -24.05 51.71 -6.16
2020.9.23 -24.80 -0.03 50.56 1.15 -5.94 -0.22

D5GHzV2 - serial no. 1113

5600 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -24.09 56.04 -2.71
2020.9.23 -23.95 0.01 57.70 -1.66 -2.85 0.14

D5GHzV2 — serial no. 1113

5750 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -23.94 56.70 -1.04
2020.9.23 -21.92 0.08 58.56 -1.86 -1.58 0.54

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958



SFORTON LAB.

Dipole Verification Data> D3700V2, serial no. 1008
5250MHz — Head

| St SR Stap & Ghr S [ 1 Stet 3 G

5600MHz — Head

1 Shart 3 Gl

5750MHz - Head

WO 0 e top s Gl B | ¢ Sewt &

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958
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[CALIBRATION CERTIFICATE |

Object

Calibration procadure(s) QA CAL-06.v30

Calibratlon date: March 26, 2020

Calibration Eguipment u=ed (METE critical for calibration)

DAE4 - SD 000 D04 BM - SN: 690

Calibration procedure for the data acquisition electronics (DAE)

This calibration certificale documents the traceability to national standards, which realize the phyisical unils of messuremants (Si),
Thi measurements and the uncertalntiss with confidence probability are glven on the fpllowing pages and are pan of 1ha certificate.

All calibrations have been conducted In the dosed laboratory facility: enviranmant termpasaturs (22 = 31°C and hurmidity < 70%:

FPrimary Standards IDe Cal Date (Cerfificate No.) Schaduled Calibrztion
Keithley Mulimeter Typa 2001 SN 0810278 U3-Sep-18 (No:25949) Sep-20
Secondary Standards D2 Check Date (in housa) Scheduled Chack
Auto DAE Calibration Unit SE UWS 053 AA 1001 09-Jan-20 {in house chack) In house check: Jan-21
Calibrator Bax V2.1 SE UMS 008 AA 1002 09-Jan-20 (In house chack) In house check: Jan-21
Mame Funchion Slgnaturs
Calibrated by: Eric Hainfsid Laboratory Technisian _——
Approved by Swen Kihn Deputy Manager

| This calibration cartificate shall not be eproduced except in full withaut written approval of the fabaratory,

[ !

|ssued: March 28, 2020

Certificate No: DAE4-690_Mar20
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Calibration Laboratory of N Schweizerischer Kalibrierdienst

Schmid & Partner ﬁ it g Service suisse d'étalonnage
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Accredited by the Swiss Acoreditation 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

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
* DC Voltage 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.

» Connector 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 contain technical information as a
result from the performance test and require no uncertainty.

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

e Common mode sensitivity: Influence of a positive or negative commen made voltage on
the differential measurement.

e Channel separation. Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the intermal AD converter
corresponding to zero input voltage

e 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 auto-zeroing and during measurement.

e Low Battery Alarm Vollage: 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.

Cerificate No: DAE4-680_Mar20 Page 2ot 5



DC Voltage Measurement
A/D - Convarter Resolution nominal
High Range: 1LSB= 6.1pV,
Low Range: 1LSB= 61nV ,

full range =
full range =

-100...+300 mV
1l 43m

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y Z

High Range 404.708 + 0.02% (k=2) | 404,320 + 0.02% (k=2) | 405.284 + 0.02% (k=2)

Low Range 3.98091 £ 1.50% (k=2) | 3.89691 + 1.50% (k=2) | 3.93809+ 1.50% (k=2)
Connector Angle

Connector Angle to be used In DASY system

340°£1"

Ceftificate Mo: DAE4-830_Mar20
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200033 .48 0.84 0.00
Channel X + Input 20008.04 28 0.0
Channel X - Input -20004.44 163 <0.01
Channel Y + Input 200033.01 0.28 0.00
Channel Y + Input 20004.74 0.3 -0.00
Channel ¥ - Input -20008.65 -0.48 0.00
Channel Z + Input 200032 .64 -2.81 .00
Channel Z + Input 20006.13 1.18 0.01
Channel Z - Input -20004.28 1.17 0.1
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2000.43 -0.43 -0.02
Channel X + Input 200.02 -0.98 -0.48
Channel X - Input -198.74 D18 -0.09
Channel ¥ + Input 2001.49 0.:52 0,03
Channel ¥ + Input 200.61 -0.27 -0.13
Channel ¥ = Input -200.64 -1.61 0.81
Channel 2 + Input 2001.03 0.27 0.01
Channel 2 + Input 200.69 -0.18 -0.09
Channel Z - Input -198.00 0.18 -0.09
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 1415 12.87
- 200 -12.83 -14.22
Channel Y 200 2.88 289
- 200 4,30 -4.61
Channel Z 200 0.04 0.39
- 200 098 -1.01
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 - -2.69 -2.68
Channel Y 200 7.95 0.72
Channel Z 200 6.90 5.66

Certificate No: DAE4-690_Mar20
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16115 16314
Channel ¥ 18038 18490
Channel 2 16004 15469

5. Input Offset Measurement

DASY measurement parameters: Auto Zero Time: 3 seo: Measunng time: 3 sen

Input 10MQ

Average (uV) min. Offset (uV) | max. Offset (uV) S, I.'{J::;atinn
Channel X 0.25 -1.26 1.64 0.55
Channel ¥ 0,70 -1.87 1.10 0.51
Channel Z 1.51 -0.80 284 0.58

6. Input Offset Current

Nominal Input elrcuitry offset current on all channels: <254

7. Input Resistance (Typical values for information)

Zeroing (kOhm)

Measuring (MOhm)

Channel X 200 200
Channel Y 200 200
Channel 2 200 200

8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.8
Supply (- Vec) -7.8

9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting {(mA)
Supply (+ Vece) +0.01 +8 +14
Supply (- Vcc) =0.01 -8 -8

Certificate No: DAE4-G30_ Mar20
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Calibration Laboratory of A Schiweizarischer Kalibrierdienst
Schmid & Partner "‘x}_—-—ﬂj""’:‘l g 'Szrvfuu:ulsﬁ d-'étalmnug:n
Engineering AG ;% &

‘Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % aﬂa-*‘f Swiss Calibration Sarvice
Accredited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agresment for the recognition of calibration certificates
Ctiemt  Sporton Certificate No: EX3-7592 May20
|CALI BRATION CERTIFICATE |
Object EX3DV4 - SN:7592
Cafibratioh procedura(s) QA CAL-01.v8, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25.v7

Calibration procedure for dosimetric E-field probes

Calibration date: May 22, 2020

This calibeation cerificate documants the iraceability o natioral &tandards, which realive the physical units of maasurements (S1)
The measuremants and the Uncertainties with confidence probability are given on Ihe following pages snd are pant of the cerifficate.

All ealibrations have been conducted in the closed taboratory facility: envirenment lemparature (22 +3)°C and hmidity = 70%:.

Calibration Equipment used (METE ¢ritical for calibeation)

Primary Standards ix] Cal Date (Cerificate No.) Scheduled Calibration

Power meter NP SN: 104778 01-Ape-20 (No, 217-03100/03101) Apr-21

Power sensor NRE-201 SN: 103244 01-Apr-20 (Mo, 217-03100) AprH

Power senzan NRP-291 SN 103245 TH-Apr-20 (No. 217-03101) Apr21

Reference 20 dB Attenuatar SN: CO2552 (20x) 31-Mar-20 (Mo 217-03106) Apr-21

DAE4 SM: 660 27-Dec-19 (No: DAES-EED_Dedtd) Diea-20

Reference Probe ES30V2 8N; 3013 31-Dec-19 (No. ES3-3013_Dec18) Dec-20

Seocondary Standards 1D Check Date (in hoiss) Scheduled Check

Powsr meter E44198 SN GB41293874 O8-Apr-16{im house check Jun-18) In house chieck: Jun-20

Power sensar E4412A SN: MY21498087 B6-Apr-18 {In holse chieck Jun-18) In house chisck: Jun-20

Fower sensor E44124 SN D10210 D8-Apr-18 (in house cheek Jur-18§ In house checke Jun-20

RF ganerator HP 8848C SN US3Is42001 200 D4-Aug-99 {In house chieck Jun-18) Iy house chieck: Jun-20)

Metwork Analyzer EBISEA BN US41080477 31-Mat-14 (In holse check Oat-15) In houss check: Oot-20
Name Function Sigrature

Callbrated by: Jieton Kastreti l.abdratary TMW_

Approved by Katja Pokiiic Technizal Ianzger ﬁ?'jg

lssuad: May 27, 2020

This calibration certificale shiall nat be reproduced sxcept in full withou! whitten approvat of the labaratary,

Certificate No: EX3-7592_May20 Page 1 of 21



Calibration Laboratory of

. S Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisse d'étalonnage
Engineering AG g Servizio svizzero di taratura
Zeughaussirasse 43, B004 Zurich, Switzerlanid Swiss Calibration Sarvice
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service I 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 / NORMzx,y.z
DCP diode compression point
CF crest factor (1/duty_cicie) of the RF sigrial
AB.C,D modutation dependent linearization parameters
Polarization o o rotation arsund probe axis
Polarization 8 9 rotation around an axis that is in the plane normal to probe axis {at measuremeant center),
l.e., &=0is hormal 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: B

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, ", "Measurement procedure for lhe assessment of Specific Absarplion Rate (SAR) from hand-
held and body-mounted devices used next ta the ear (frequency range of 300 MHz to B GHz)", July 2016

¢} 1EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirsless communication devices
used In close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865864, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

* NORMz y.z: Assessed for E-field polarization 8 = 0 (f = 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMx.y,z are anly intermediate values, i.e., the uncertainties of NORMx.y,z does ot affect the E*-field
unceriainty inside TSL (see below ConvF),

*  NORM(fx.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,

* DCPxy.z: DCP are numerical linearization parameters assessed based on the data of power sween 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

= Axy,z;Bryz Cxyz Dxy.z: VRx,y.z: A, B, C, D are numerical linearization parameters assessed based on
the data of pawer sweep for specific modulation signal. The parameters do riot 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 phantem using E-field (or Temperature Transfer
Standard for f < B00O 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 uncertainity values are given, These paramelers 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 ConvE. A frequency depandent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

« Spherical isotropy (30 deviation from isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

* Sensor Offset: The sensor offset corresponds 1o 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
uncartainty required).

Certificate Mot EX2-7582_May20 Page 2.of 21



EX3DV4 — SN;7502 My 22, 2020
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7592

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/(VImYy)" 0.66 0.47 0.48 +10:1%
OGP (mV)® 98.7 100.2 98.2

Calibration Results for Modulation Response

uip Communication System Name A B | € ] VR Max Max
dB dBpuv dB mV dev, Unc®
(k=2)
0 cwW X | 000 0.00 1.00 000 | 1430 [ £33% | +47 %
Y | 000 0.00 1.00 1376
Z | 000 0,00 1.00 1396
10352- | Pulse Wavaform (200Hz, 10%) X | 2000 | 9667 | 2394 | 1000 | 600 | +32% | =96%
AAA ¥ | 2000 | 8548 | 2304 B0.0
Z | 2000 | 9535 | 2356 B0.0
10353- Pulse Waveform (200Hz, 20%) A | 2000 | 9813 | 2372 6,59 40.0 +16% | £96%:
AAA ' Y | 2000 | 9617 | 2328 80.0
Z | 2000 | 9834 | 2432 0.0
10354- | Pulse Waveform (200Hz, 40%) X | 2000 [ 10313 | 2487 | 3.88 B50 [ +12% [+0E%
AnA Y | 2000 | 100.39 | 24.05 85.0
Z | 20,00 | 107.03 | 26.46 5.0
10355- | Pulse Waveform (200Hz, 60%) X | 2000 | 10896 | 2639 | 222 | 1200 | *12% |96 %
AAA Y | 2000 [ 10681 | 2585 1200
Z | 2000 | 11584 | 28.99 120.0
10367- | QPSKWaveform, 1 MHz X | 166 | 6478 | 1438 | 100 | 1500 | £1.5% | £8.6 %
ABA Y | 182 | 6572 | 1524 150.0
Z| 164 | 86530 [ 1484 1560.0
103R8- QPSK Wavefdrm, 10 MHz X | 215 | 6668 | 1500 | D00 1500 | =1.0% | +9.6%
AAA Y | 239 | 6824 | 1580 150.0
Z | 216 | 67.14 | 1534 150.0
10356- 64-QAM Waveform, 100 kHz % | 292 | 6989 | 1838 | 3m 1500 | =07% | £9.6%
AAA Y | 301 | 70.02 | 1855 150.0
| Z | 252 | 6822 | 17.84 150.0
10399- | 64-0AM Waveform, 40 MHz X | 350 | 6665 | 1546 | 000 | 1500 | =0.7% | £96 %
ABK Y | 365 | 67.33 | 15482 150.0
Z | 349 | 6676 | 1561 150.0
10414- | WLAN CCDF, 64-QAM, 40MH= X | 493 | 6549 | 1538 | 000 | 1500 | £13% | t96%
ANK Y | 487 [ 6508 | 1527 150.0
Z | 488 | 6548 | 1546 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 85%.

" The Unestainties of Noim X.¥.2 do nol sffect the EXfield uncenainty Inside T5L (see Page 5),

& Mumerical linearization parameter; uncerainty not required.

o Uncertainty & determined using the max deviation from linsar respanae applying rectangular distributlon and is expressed for the sguare of the
field valus. :

Cerlificate No: EX3-7592_May20 Page 3 of 21





