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CALIBRATION CERTIFICATE

Object ES3DV3 - 8N . 3308

Calibration Procedurs(s) FF-Z11-004.-02

Calibration Procedures for Dosimetric E-field Probes

Calibration date: March 08, 2022

This callbration Certificate documents the treceability to national standards, which realize the physical unils of
measuremants(5l). Tha measuraments and the uncertainties with confidence probability are given on the following
pages and are part of the cerlificate.

All ealibrations have been conducted in the closed laboratory facility: environment temperature(zzs3ic and
humidity-<70%,

Calibration Equipment uzed (M&TE critical for calibration)

Prmary Standards It # Cal PEIP{GHIime.Ed by, Cerbificate No.) Scheduled Calibration
Power Meter NRPZ2 101818 15-Jun-21 (CTTL, No.J21X04486) Jun-22
Power sensor  NRP-Z91 101547 15-Jun-21(CTTL, No.J21X04466) Jun-22
Powar sensar NRP-Z81 101548 15-Jun-21(CTTL, No.l21X04466) Jun-22
Reference 10dBAttenuator | 1BNSOW-10dB  20-Jan-21(CTTL, Mo.J21X004E8) Jan-23
Reference 20dBAtenuator | 1BNSOW-20dB  20-Jan-21(CTTL, No J21X00485) Jan-23
Referanca Probe EX3NV4 | SN 7307 26-May-21(SPEAG, No EX3-7307_May21)  May-22
DAE4 SN 1555 20-Aug-21(SPEAG, No.DAE4-1555_Aug21/2) Aug-22
Secondary Standards D # Cal Data(Cakbrated by, Certificate No)  Scheduled Callbration
SignalGenerator  MG37004 | 6201052805 16-Jun-21(CTTL, Na J21X04467) Jun-22
Network Analyzer ESO7TIC | MY46110673 14-Jan-22(CTTL, No.J22X00406) Jan-23

Mame  Function Signature

Calibrated by. Yu Zongying lSAR Tesl Enginear f'_:\_..:‘ﬁb)

Reviewed by: Lin Hao ‘SAR Test E'lnulrrdllm' W
Approved by Qi Dianyuan !Sﬁtﬁ. Proja+l Leader 'S%W

' lssued: March 11, 2022
This calibration cedificate shall not be reproducad exeant in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMx.yz sensitivity in free space
ConvF sensitivity in TSL / NORMzx v,z
DCP dicde compression paint
CF crest factor (1/duty_cycle) of the RF signal
ABCD madulation dependent lineanzahcn parameters

Polarization @ & rotation around probe axis

Polarization & B rotation around an axis thal is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Paak Spatial-Averaged
Specific Absorption Rate (SAR) In the Human Head frum Wirsless Communications Devices
Measuremant Techniques”, June 2013

b) IEC B2208-1, "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 2018

c) IEC 52203-2, "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 885664, "SAR Measurament Requirements for 100 MHz to 8§ GHz"

Methods Applied and Interpretation of Paramatars:

s NORMzx.y.z: Assessed for E-field polarization 8=0 (f900MHz in TEM-cell; f=>1800MHz: wavegulde).

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

F* field uncertainty inside TSL (see below ConvF).

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

= DCPx )z DCP are numerical linearization pammalrlm azsassed based on the data of power sweep
(ne uncartainty required). DCP does not depend onl frequency nor media.

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

»  Axyz Bxyz CxyzVRxyz: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 Parameaters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fS800MHz) and inside waveguida using analytical field distributions basad on
power measurements for { =800MHz. The same setups are used for assessment of the parametars
applied for boundary compensation (alpha, depth) of which typical uncerlainly valued are given
These parameters are Used in DASY4 sbftware 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.

= Spherical isotropy (30D deviation from isotropy); in a{ﬁeh:’ of low gradients realized using a flat
phantom exposed by a palch antenna [

»  Sensor Offsel: The sensor offset corresponds to thﬁ offset of virtual measurament canter from the
probe tip (on probe axiz) No tolerance required,

= Connheclor Angle: The angle is assesseq using the information gained by determining the NORMx
(no uncertainty required),

Certificate Mo:222-60054 Page2ofd
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DASY/EASY — Parameters of Probe: ES3DV3 - SN:3308

Basic Calibration Parameters

Sensor X Sensor Y Sansor Z Une (k=2)
| Norm(pV/(Vim)*)* 1.44 1.35 1.27 £10.0%
DCP{mV)? 104.2 1022 108.0

Modulation Calibration Parameters

uiD Communication Ta B c D VR Unct
Systam Name dB dBvV | dg mv (k=2)
cW X 0.0 0.0 1.0 0.00 [2877 [+22%
Y |00 0.0 B e 273.4
1z _Joo [oo0 1.0 | 267.0

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

A The uncertainties of Norm X, Y, Z do nat affact the E2-fisld uncertainty inside TSL (see Page 4).
8 Numarical linearization parameter; uncertainty nol required.

¥ Uncartainly 1= determined using the max. deviation from lincar response applying rectangular distributinn
and is expressed for the sguara of tha field valua

Certificate No:Z22-60054 Page 3 of &
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3308

Calibration Parameter Determined in Head Tissue Simulating Media

" Relative | Conductivity Depth® | Unct.
¢ FX | ConvF ¢
f [MHz] Permittivity * (Sim)* Conv onvF Y | ConvF Z | Alpha (mm) | (k=2)
1900 40.0 1.40 5.27 5.27 527 | 085 | 146 | £1214%
2450 9.2 1.80 4.78 4.78 478 | 080 | 1.25 | £121%

" Frequency validity above 300 MHz of +100MHz only applies for DASY v4 4 and highar (Page 2). else it is restricted to
$50MHz. The uncertainty 15 the RSS of ConvF uncertainty at calibration frequency end 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, 84, 128,
150 and 220 MHz respectivaly. Above 5 GHz frequancy validity can be extended to + 110 MHz,

F At frequency below 3 GHz, the validity of tissua parameters (e and o) can be relaxed to +10% if liguld compansation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (g and o) is
restnictad lo 15%. Tha uncartainty e the R3S of the ConvF uncertainty for indicated targat tissus parameaters.

8 Alpha/Deplh are determined during calibration. SPEAG warrants that the remaining deviation dus to the boundary
effect after compensation is always less than £ 1% for frequencies balow 3 GHz and below + 2% for the frequencies
between 3-8 GHz at any distance larger than half the probe lip diameter from the boundary.

Cenifleate No:Z22-60054 Page 4 af 9
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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)

Certificate Mo Z22-60054 Page 5ol 9
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Receiving Pattern (®), 6=0°

=600 MHz, TEM f=1800 MHz, R22

Tol —X - - T Totk =% -y - E
1.0 T =
' |
i
o.5 J
e T
s | I
E e : ey =
1
=0.5
-1.0
=150 =100 =50 0 50 100 150
Rali[=]
= 100MH= = aoOMH» = 18B00MHzE = 2ECoMH=

Uncertainty of Axial lsotropy Asscssment: +1.2% (k=2)

Certificate No:Z22-60054 Page 6 of 9
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Dynamic Range f(SARhead)
(TEM cell, f = 900 MHz)

|8 not compensetad % compantated |
Uncertainty of Linearity Assessment; £0.9% (k=2)

Certificate No:Z22-60054 Page 7of9
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Conversion Factor Assessment
f=1900 MHz,WGLS R22(H_convF) f=2450 MHz, WGLS R26(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)

Cenificate No:Z22-60054 Pape § of 9
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DASY/EASY — Parameters of Probe: ES3DV3 - SN:3308

Other Probe Parameters

Sensor Arrangement Tn;angular i

“Cunnanlm Angle (°) - 0.7
Mechanical Surface Detection Mode enabled

| Optical Surface ;tm:tion Maode disable
Probe Overall I;r;ngth 337Tmm
Probe Body Diameter | 10mm
Tip Length _ 10mm :
Tip Diameter = 4mm
Probe Tip to Sensor X Calibration Point i 2mm
Probe Tip to Sensor Y Calibration Point - me—
Probe Tip to Sen=or Z Calibration Point Zmm
Rnnomm:n;d Measurement Distance from Surface dmm

Certificate No:Z22-60054 Page 9. of 9
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Client

Object

Calibration Procadure(s)

Calibration date:

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 1O# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101818 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor  NRP-Z91 101547 15-Jun-21(CTTL, No.J21X04468) Jun-22
Power sensor NRP-Z91 101548 15-Jun-21(CTTL, No.J21XD44586) Jun-22
Reference 10dBAttenuator | 1BNSOW-10dB  10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAttenuator | 18N5S0W-20dB  10-Feb-20{CTTL, No.J20X00526) Feb-22
Referance Probe EX3DV4 | SN 3617 27-Jan-21(SPEAG, No.EX3-3617_Jan21) Jan-22
DAE4 SN 1556 15-Jan-21(SPEAG, No.DAE4-1556_Jan21) Jan-22
Secondary Standards 0 # Cal Date{Calibrated by, Cartificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605  16-Jun-21{CTTL, No.J21X04467) Jun-22
Network Analyzer ES5071C | MY46110673  21-Jan-21(CTTL, No.J20X00515) Jan-22

Name i

Calibrated by: kv

Reviewed by

Approved by: -

Issued: August 29, 2021 ~
This calibration centificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: 221-60298 Page 1 of 9
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Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DceP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization @ @ rotation around probe axis

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

8=0 is normal to probe axis

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

¢) 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 Measureament Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

e NORMYX y.z: Assessed for E-field polanization 8=0 (fs900MHz in TEM-cell; {>1800MHz: waveguida)
NORMx, y,z are only intermediate values, L.e., the uncertainties of NORMx y.z does not effect the
E’ -field uncertainty inside TSL (see below ConvF),

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

« DCPx yz: 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

e Axyz Bxyz Cxyz VRxyzA BC 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 vollage across the diode.

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fsBOOMHz) and inside waveguide using analytical field distributions based on
power measurements for { >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 comesponds to NORMyx,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.

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

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

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

Certificate No:Z21-60298 Page 2 of v



r\' In Collsboraton wih
iITT’I., s p e a g

Add: No 52 HuaYuanBei Road, Haldian District, Beijmg, 100191, China
Tel: +86-10-62304633-2512 Fax: +86-10-62304633-2504
E-mail: citlf@chinatil.com Hitpafwww chinail ¢

DASY/EASY — Parameters of Probe: EX3DV4 — SN:7514

Basic Calibration Parameters

SensorX  |SensorY  |Sensorz | Unc(k=2)
Norm(uV/(Vim)*)* 047 0.44 0.41 +10,0%
DCP(mV)® 98.3 101.7 99,2

Modulation Calibration Parameters

UID | Communication A B c [p |[WR  |uneE

’7 ‘Eﬂtﬂm Name dB dBpvV dB mvV | (k=2)

0 cwW X [00 Jo00 1.0 0.00 1620 |%21%
y |00 |00 1.0 154.5

| E— _1Z2 ] ]00 00 |10 147.8

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

A The uncernainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 4),

# Numerical linearization parameter: uncertainty not required.

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

Centificaie No:Z21-60298 Page 3 0f9
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7514

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivity Depth® | Unct.

1 [MHz]" Sarmaitivity’ (&m) | COMVFX | ConvF Y | ConvF 2 Alpha® ot | st
750 419 0.89 9.56 9.56 9.66 040 | 078 | +121%
835 45 0.90 927 | 827 | 827 | 016 | 128 | £121%

1450 405 1.20 8.30 8.30 8.30 014 | 119 | +121%
1640 40.3 1.28 8.19 8.19 8.19 028 | 0.89 | +12.1%
1750 40.1 1.37 810 | 810 810 | 021 | 118 | £121%
2100 39.8 1.49 7.61 7.61 7.61 023 | 142 | +121%
2300 395 1.67 7.41 1.41 7.41 065 | 066 | +121%

- 2600 38.0 1.96 5.95 6.95 6.95 049 | 079 | +121%
3300 382 271 6.76 6.75 675 | 0468 | 088 | £13.3%

| as00 | 378 2.91 6.56 6.56 6.56 0.43 | 098 | +13.3%
3700 377 3.12 6.30 6.30 6.30 0.44 | 103 | +133%

| 3900 375 332 6.20 6.20 6.20 040 | 126 | +13.3%
| 4100 372 3.53 6.26 6.26 6.26 040 | 115 | £13.3%
| 4200 37.1 3.63 6.15 616 | 615 040 | 1.26 | +13.3%
| 4400 36.9 3.84 6.07 6.07 6.07 035 | 138 | +13.3%
4600 36.7 4.04 598 | 698 5.98 040 | 130 | +13.3%
4800 36.4 4.25 5.92 5.92 5.92 045 | 1.20 | +13.3% |

4950 | 383 4.40 5.71 5.71 5.71 040 | 135 | +13.3%
5200 36.0 4.6 5.20 5.20 520 | 045 | 1.30 | +13.3%

5300 359 4.76 5.10 5.10 5.10 045 | 1.30 | +13.3%

5500 356 4.96 4.69 4.69 469 | 0.50 | 130 | £13.3%
5600 385 5.07 4.58 4.58 4.68 055 | 1.20 | +13.3%
5800 36.3 5.27 4.56 4.55 4.55 0.50 | 1.30 | +13.3%

¢ Frequency validity above 300 MHz of +100MHz only appiies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncartainty is the RSS of ConvF uncartainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity betow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessmenis at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to £ 110 MHz
* Al frequency below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to £10% if liquid compensation
fermula ks applied o measured SAR values. At frequancies above 3 GHz, the validity of tissue parameters (c and a) is
restricied to £5%. The uncenainty is the RSS of the ConvF uncertainty for indicated target tissue parameters

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diamater from the boundary.

Certificate No:Z21-60298
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM

f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: =1.2% (k=2)

Certificate No:721-60298 Page 6 of 9
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Dynamic Range f(SARhead)
(TEM cell, f = 900 MHz)

Input Signal[uV]
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
=750 MHz,WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assesament: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:7514

Other Probe Parameters
Sensor Arrangement Triangular i
 Connector Angle (°) - 1622 |
| Mechanical Surface Detection Mode = enabled |
;. Optical Surface Dn;cﬁun Mode disable
- Probe Overall L:ngth_ 33Tmm
.Fmbe Body Diameter 10mm
Fﬂp;nﬂlh :nm
Tip Diameter . Z.Emm_
Probe Tip to Sensor X Calibration Point imm
Probe Tip to Sensor Y Calibration Pulnt_ imm
Probe Tip to Slmurz Calibration Point o imm
Recommended Hnul;mﬁlnt Distance from Surface 1.4mm |

Certificate No:Z21-60298 Page 9 of 9
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Certificate No: Z22-80055

CALIBRATION CERTIFICATE

Object DAE4 - BN: 786

Calibration Procedure(s) EF-Z41-002-01
(DAEx)

Calibration date: March 09, 2022

pages and are part of the certificate.

humidity<70%.

Calibration Equipment usad (MA&TE critical for calibration)

Calibration Procedure for the Data Acquisition Electronics

This calibration Cartificate documents the traceability to national standarde, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following

Al calibrations have been conducted in the closed laboratory facility: environment temperature(zz+3)°c and

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Schaduled Calibration
Pracess Callbrator 753 | 1971018 15-dun-21 {CTTL, No.J21X04485) Jun-22
MName Function Signature
Calibrated by: ;
y Yu Zongying |SAR Test Engineer é_.r@
Reviewed by: Lin Hao 'SAR Test Engineer ‘rﬁfi:}%
Approved by. Qi Dianyuan |SAR Project Leader

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

S

Issued: March 11, 2022

Certificate No: £22-60055 Page 1 of 3
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CALIBRATION LABORATORY

Adil: No32 HisaYunnBied Rowd, Huddinn District. Beljing, 100181, China

Tel: +B6=10-61304633-2517 Fox: +86-10-82304633.2504
E-mail: colghchinaml. com Hitpfwww. ohinabl L en
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
valtmeter 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 report provide only calibration results for DAE, it does not contain other
performance test results.

Cenificate No: Z22-60055 Page 2 of 3
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DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = RIS full range = -100.. +300 m\/
Low Range: 5B = 81inV, full range = s +3m\
DAEY measuremant paramatars: Autd Zoro Time. 3 see; Measuring time: 3 sac
Callbration Factors X ¥ Z
High Range 404.866 + 0.16% (k=2) | 403.810 + 0.15% (k=2) | 404.098 + 0.15% (K=2)
Low Range 3.98055 + 0.7% (k=2) | 3.94179 £ 0.7% (k=2) | 386879 + 0.7% (k=2)

Connector Angle

Conneclor Angle to be used in DASY system 282410 J

Certificate No: Z22-60055 Page 3 of 3
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Client GRG METROLOGY&TEST Certificate No:  Z21-80080

CALIBRATION CERTIFICATE

Obfect D2450V2 - SN: 933

Calibration Procedure(s) FF-211-003-01

Callbration Procedures for dipole validation kits

Calibralion date: April 14, 2021

This calibration Certificate documents the traceabliity to nalional standards, which realize (he physical unils of
measurements(31). The measuremenis and the uncertainlies with confidence probabilily are given on the following
pages and ara part of the cartificats

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards _ID# Cal Date{Calibrated by, Cerlificate No.) Scheduled Calibration
Power Meter NRP2 106276 12-May-2r.i (CTTL, No.J20X02985) May-21
Power sensor  NRFPBA 101368 12-May-20 (CTTL, No.J20XD2285) May-21
ReferenceProbe EX3DV4 | SN 7307 28-May-20{SPEAG No. EX3-7307_May20) May-21
DAE4 SNTTT 08-Jan-21{CTTL-SPEAG No.Z21-60003) Jan-22

_Secondary Standards ID# Cal Date({Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E443BG MY45071430 01-Fab-21 (CTTL. No.J21X00593) Jan-22
NetworkAnalyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Ly Zhao Jing SAR Test Enginear

Reviewscd by: Lin Hao SAR Test Engineer ﬁf‘ _ii:,

Approved by: Qi Dianyuan SAR Project Leader %

Issued: April 19, 2021
This calibration certificate shall not be reproduced excepl in full without written approval of the laboratary.

Centificate No: Z21-60090 Page 1 of &
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Add: No.52 HuaYunnfici Road, Haiding District, Deijing, 100191, China
Tel: 1BG-10-62304633-2079  Fase +E6-10-62304633-2514

E-mail: cnbiichinatil.oom bitpswwwichinntl.cn
Glossary:
TSL fissue simulating liquid
ConvF sensitivity in TSL f NORM=x,y.z
N/& not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Sid 1528-2013, "IEEE Recommended Practice for Datermining the Peak
Spalial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communicalions Devices: Measurement Technigues®, June 2013

b) IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Parl 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

c) |EC 62208-2, “Procedura to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximily to the human bedy (frequency range of
30MHz to 8GHz)", March 2010

d) KDBB865664, SAR Measurement Reguirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

s Feed Point Impedance and Refurn Loss: These parameaters are measured with the dipole
positioned under the liquid filled phanlom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

s Eleclrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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.

s 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 uncerfainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Correspands to a coverage probability of approximately 85%.

Cenrtificate No: Z21-60090 Page 2 ol &
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Measurement Conditions

DASY system configuration, as far as nof given on paga 1.

Faxi: + Bb-10-62304633-2504
hutpediwwwechinainl,en

DASY Version DASYS2 V52,104
Extrapolation Advanced Exlrapolation B
Phantam " Triple: Flal Phantom E.TE}
Distance Dipole Conter - TSL 10 mm with Spacar
Zoom Scan Resolutlon dx,l:hridz_-.ﬁmm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following paramaters and calculations ware applied.
Temparature Permiltivity Conductivity
Nominal Head TSL paramaters 220°C 38.2 1.80 mha/m
Measured Head T5L paramaters (Z20+02)°C i BTLO% ! 1.81 mho/m 2 6 %
Head TSL temperature change during test <1.0*C A £
SAR result with Head TSL
SAR averaged over 1_cm’ (1 g) of Head TSL Condition —
SAR measured 250 m\W inpul powear 13.1 Wikg
SAR for nominal Head TSL paramelers narmalized to 1W 52.2 Wikg £ 18.8 % (k=2)
SAR averaged over 10 em’ {10 g} of Hoad TSL Condition
SAR measurad 250 m\W Input power 5.91 Wikg
SAR for nominal Head TSL parameters normalized to TW 23.6 Wikg £ 18.7 % (k=2)

Cenificate No: Z21-60090
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Appendix (Additional assessments outside the scope of CNAS L0O570)

Antenna Parameters with Head TSL

Impadanca, transfarmed lo feed point 54 300+ 1.61)0

Return Loss - 27.2d8

General Antenna Parameters and Design

Elegirical Delay (one dimction) 1.066 ng

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 lo the second arm of the dipale. The antenna is therefore short-circuited for DC-signals. On some
of tha dipoles, small end caps are added to the dipole arms in order to Improve matching when loaded
according to the position as axplainad in the "Moasuramant Conditions" paragraph, Tha SAR data are not
affected by this change. The averall dipole length s still according to the Standard.

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

Additional EUT Data

Manufactured by J SPEAG

Certifiente No: Z21-60090 Page 4 of &
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DASYS Validation Report for Head TSL Date: 04, 142021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serinl; D2450V2 - SN: 933
Communication System: ULD 0, CW; Frequency: 2450 MHz; Duty Cyele: 1:1
Medium parameters used: = 2450 MHz; o= 1,805 S/m; &= 38.68; p = 1000 kg/m’
Phantom section: Cenler Section

DASYS Configuration:

+ Probe: EX3DV4 - SN7307; ConvF(7.77, 7.77, 7.77) (@ 2450 MHz; Calibrated:
2020-05-29

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

= Electronics: DAE4 Sn777; Calibrated; 2021-01-08

« Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

o Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7T483)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=>5mm,
dy=5mm, dz=5mm

Reference Value = 100.7 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 28.6 Wikg

SAR(1 g) = 13.1 W/kg: SAR(10 g) = 5.91 Wikg

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

Ratio of SAR a1t M2 1o SAR at M1 =45,6%

Maximum value of SAR (measured) = 22.5 Wikg

di
0

-4.69

-9.30

-14.06

-10.75

-23.44

0dB =225 W/kg = 13.52 dBW/kg

Certificate No: Z21-60090 Page S of &
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Impedance Measurement Plot for Head TSL
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Client GRG METROLOGY&TEST Certificate No:  Z21-60091

CALIBRATION CERTIFICATE

Objact D&GH2V2 - SN 1182

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

Calibration Procedures for dipobe validation kits
Calibration dale: April 18, 2021

This callbration Cerificate documents the traceabllity to naticnal standards, which realize the physical units of
measurements(S1). The measurements and the uncertainlies 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 Equipmant usad (M&TE critical for calibration)

Primary Standards 1D # Il Cal Date(Calibrated by, Cerlificate Mo} Scheduled Calibration
Powear Metar NRP2 106276 12-May-20 (CTTL, No.J20X020865) May-21
Power sensor  NRPEA 101380 12-May-20 (CTTL, No.J20X02065) May-21
ReferanceProbe EX30V4 | SN 3817 27-Jan-21(SPEAG No EX3-3817_Jan21) Jan-22
DAE4 SN 777 08-Jan-21{CTTL-SPEAG No. Z21-60003) Jan-22
Secondary Standards 1D # Cal Date{Calibrated by, Cedificate No.) Scheduled Calibration
Signal Genarator E4438C | MY48071430  01-Feb-21 (CTTL, No.J21X00593) Jan-22
MetworkAnalyzerESOTIC | MY45110873 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Mama Funection Signature

Calibrated by: Zhao Jing | SAR Test Engineer —é g 7

Reviewed by. Lin Hao SAR Test Engineer m’" #

Approved by: Qi Dianyuan SAR Project Leader 5“&-15\,/

lesued: April 19, 2021
This calibration certificate shall not be reproduced excapt in full withoul written approval of ihe laboratory.

Certificate Mo: Z21-60091 Page | of &
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Add: Mo 52 HuaYuanBel Road, Haldlan Disirlen, Beifing, 100191, Chinn
Tel: +Bi=10-62304633-2512 F: +86-10-62304633-2504

E-mnil: catlifchinailcom Ttp:tfvwwechinatil.en
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx y,z
MAA, not applicable or not measured

Callbration is Paerformed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Praclice 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 assessment of specific absorption rate of human
exposire 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
GGHz)", July 2016

¢) IEC 62208-2, "Procedure {o measure the Specific Absorplion Rate (SAR) For wireless
communication devices used In close proximity to the human body (frequency range of
30MHz to 6GHz)", March 2010

d) KDBBB5EE4, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameatars:

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

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

e Fesd Poinl 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.

s Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncartainty required.

» SAR measured: SAR measured at the stated antenna inpul power.

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

s SAR for nominal TSL parameters: The measured TSL parameters are used o calculate the
nominal SAR result. [

The reporled uncerlainty of measuremenl is slated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds lo a coverage probability of approximately 95%.

Certificate No: 22 1-60091 Page 2 of &
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CALIBRATION LABORATORY

Adil: Mo.52 HunYuanBei Road, Hnbdinn District, Beijing, 100191, China

Tel: +86-10-62304633-2512
E-mmail: enlidehinail.com

Measurament Conditions

DASY syslem configuration, as far as nol ghven on page 1.

Fux: #86-10-62304633-2504
g chinatilen

DASY Veralon DASYS2 V52.10.4
Extrapolation Advanced Extrapolation 3 1
Phantom Triple Flal Phantom 510
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, iy =4 mm, dz = 1.4 mm Gradod Ratio = 1.4 (Z direction)
5250 MHz £ 1 MHz
Froguoncy 5800 MHz + 1 MHz
5750 MHz £ 1 MHz
Head TSL parametors at 5250 MHz
The following parameters and calculations were applled. e e — s
Temperature Parmittivity Conductivity
Mominal Head TSL parameters 20°'C 59 4.71 mho/m
Measured Head TSL paramotors (22.0+0.2)"C 359+6% 4. 70 mho/m £ 6 %
Head TSL temparature change during test <10°C —_— -
SAR result with Head TSL at 5250 MHz
SAR avaraged aver 1 cm’ (1 g) of Head TSL Condilion
SAR measured 100 mW input power 7.68 Wikg
SAR for nominal Head TSL paramalers T'm_:;h:l-d to 1W T6.8 Wikp £ 24.4 % (k=2)
SAR avoraged ovar 10 cm’ {10 g) of Hoad TSL Caondition
SAR measured 100 W inpul power - 2.18 Wikg
SAR for nominal Head TSL parameters normalized to TW 21.8 Wikg + 24.2 % (km2)

Certificate No: Z21-60001
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Add: Mo, 52 HuaYeanBei Road, Tatdian Dhisrice, Deijing, 100191, China

Tel: #86-10-62304633-2512
Eeimail: cilichinanl com

Head TSL parameters at 5600 MHz

Foce: #B6-10-62304633-2504
Mq:n".n‘www.:hlnuﬂl.m

Thie following parameters and calculations were applied,

Temparature Pormittivity Gonductivity
Hominal Head TSL paramotors 220°C 55 5.07 mhofm
Measured Head TSL parameters (220z02)"C 353:6% 5.06 mho/m £ E-".Ii_
Hoad TSL hrElu.rrl change during test <10°C ——
SAR result with Head TSL at 5600 MHz )
SAR averaged over 1 cii’ (1 g) of Head TSL Condition
SAR measured B 100 i input power 8.17 Wikg
SAR for nominal Head TSL paramelers normalized o AW B1.6 Wikg £ 24.4 % (k=2)
SAR avaragad over10 cm’ (10 g) of Head TSL Condition
SAR measured 100 mW inpul power 2.32 Wikg
SAR for nominal Head TSL paramaters nommalized lo 1W 23.2 Wikg £ 24.2 % (k=2)
|
Head TSL parametaers at 5750 MHz
The following paramalars and calculations were applied. .
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C as4 5.22 mhaim
Measurod Head TSL paramatars (22.0+0.2)°C 3516 % 5.24 mihofm + 6 %
Head TSL temparature change during test <1.0°C e s ]
SAR rosult with Head TSL at 5750 MHz
SAR averaged over1 ¢’ (1 g) of Hoad TSL Condition
SAR measured 100 mW input power 7.7 Wikg
SAR for nominal Head TSL paramelers normalized to 1W 77.0 Wikyg £ 24.4 % (k=2)
SAR averaged averil o n;n gl of Head TSL Gondition
SAR measured 100 MW inpul power 217 Wikg
SAR for nominal Head TSL parametars notmalized to 1W 21,6 Wikg £ 24.2 % (k=2)

Certificate No: £21-60091
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CALIBRATION LABORATORY

Adik: No.52 HuaYuanBiei Road, Heidian District, Beijing, 100191, China
Tel: +B6-10-62304633-2512 Fax: +86-10-62304633-2504
E-mail: ctbiiichinam com arpedfwwvechingiil en

Appendix (Additional assessmeants outside the scope of CNAS LO570)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, ranaformad 10 feed point 49,80 - 4,830
Return Loss - 26.348

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 1o feed puisl' 53,50+ 0420

Redurn Loss - 29 548

Antenna Parameters with Head TSL aﬂ 5750 MHz

Impedance, transformed 1o fead pofnt | 55101 - 0.48()
Return Loss - 26.2d8

General Antenna Parameters and Design

Electrical Delay (one direction) 1407 ns J

After long term use with 1mediaIe'd power, only a slight warming of the dipole near the feedpoint can
be measured.

The dipole s made of standard semirigid coaxal cable. The center conductor of the feaeding line is directly
connected to the second arm of the dipole. The antenna is therafore short-circuited for DC-signals. On some
of the dipates, small end caps are added o the dipole arms in order to improve malching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR dalta aro not
affectad by this change. The overall dipale length is still according lo the Standard.

No excessive loree must be applied to the dipale arms, because they might bend or the soldered
connactions near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: #21-60001 Page Sof &
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Adil: No.52 HuaYaonbei Rowd, Haidion District, Beijing, 100191, China

Tel: +R6-10-62304633-2512 Fax: +86- 10-62304633-2304
E-nsail: entli@chinmil.com htpsffwwwchinail cn
DASYS Validation Report for Head TSL Date: D4.16.2021

Tast Laboratory: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1182
Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used; f = 5250 MHz, o = 4.696 S/m; & = 35.88, p = 1000
kg/m?, Medium parameters used: f = 5600 MHz; ¢ = 5.058 5/m; & = 35.28; p =
1000 kg/m?, Medium parameters used: f = 5750 MHz; o = 5.239 S/m; & = 35.06; p
= 1000 kg/m?,
Phantom section: Center Seclion

DASYS Configuration: |

*  Probe: EX30V4 - SN3617; ConvF(5.4, 5.4, 5.4) @ 5250 MHz; ConvF(5, 5, 5)
@ 5600 MHz; ConvF(5.12, 5.12, 5.12) @ 5750 MHz; Calibrated: 2021-01-27

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

* Electronics: DAE4 Sn777,; Calibrated: 2021-01-08

*  Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

+  Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/2Zoom Scan,
dist=1.4mm (8xBx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 62,90 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 32.6 Wikg

SAR(1 g) = 7.68 W/kg: SAR(10 g) = 2.18 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 83.5%

Maximum value of SAR (measured) = 18.7 Wikg

Dipole Galibration (Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=dmm, dz=1.4mm
Reference Value = 86.09 V/im; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 37.8 Wikg

SAR(1 g) =817 Wikg; SAR(10 g) = 2.32 Wikg

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

Ratio of SAR at M2 to SAR al M1 = 61.1%

Maximum value of SAR (measured) = 20.6 Wikg

|
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Dipele Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zcom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 83.21 Vim; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 37.0 Wikg

SAR(1 g) =7.71 Wikg; SAR({10 g) = 2.17 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 58.9%

Maximum value of SAR (measured) = 19.3 Wikg

-10.00
-20.00
-30.00

40,00

-50.00

0 dB =19.3 Wikg = 12.86 dBW/kg
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Impedance Measurement Plot for Head TSL
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