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CALIBRATION CERTIFICATE .
| Ubject EX30V4 - 5N:7386
Calibration Procedure(s) FF-212-006-08
Calibration Procedures for Dosimetric E-fleld Probes
Calibration date May (6, 2021

| This calibration Certificate documents the traceability 1o national standards, which realize the physical units of
measurements{Sl). The measuremants and the unceralnties with confidence probability are given on the following
pages and are part of the cerlificate.

All calibrations have been conducted in the closed laboratory facility environment temperaturei22:3C and
humidity<70%.

Calibration Equipment used (M&TE cntical for calibration)

Primary Standards ID#  Cal Date(Caibbrated by, Certificate No) _ Scheduled Calibration
“Power Meter  NRP2 101919 20-Jun-20 (CTTL, No.J20X07447) Jun-21
Power sensor  NRP-Z91 | 101547 20=Jun=20 (CTTL, No.J20X07447) Jun-21
| Powersensor NRP-Z31 | 101548 20-Jun-20 (CTTL, No J20X07447) Jun-21
| Referencei0dBAttenuator  1BNSOW-10dB  13-Mar-21(CTTL No J21 X01547) Mar-22
Reference20dBAtienuator | 1BNSOW-20dB  13-Mar-21(CTTL, No.J21X01548) Mar-22
Raference Probe EX30V4 | SN 7433 26-5ep-20(SPEAGN0 EX3-T433_Sep20) Sep-21
| DAE4 SH 549 13-Dec-20{SPEAG, No DAF4-548_Dec20) Dec-21
Secondary Standards iD# Cal Date({Calibrated by, Certificate Mo.) Scheduled Calibration
SignalGeneratorMGIT00A | B201052605 27-Jun-20 (CTTL, No.J20X04776) Jun-21
| Network Analyzer ES071C | MY46110673  13-Jan-21 (CTTL, No.J21X00285) Jan-22
T MNama Function Eﬂhm

| S by Yu Zongying SAR Test Engineer %

Reviewed by Lin Hao SAR Test Engineer e ﬂ‘f:ﬁ%"

HPpIOved by Qi Dianyuan SAR Project Leader —K2

Issued: May06 . 2021
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

MORMx v,z sensitivity in free space

ComF sensitivity in TSL / NORMx,y.z

DCP diode compression point

CF crest faclor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization paramelers

Folarization @ @ rotation around probe axis

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

8=0 iz normal o proba 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 Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques”, June 2013

bj) IEC 82209-1, "Procedure 1o measure the Specific Absorption Rate (SAR) for hand-held devices used
in close proximity lo the ear (frequency range of 300MHz to 3GHz)", February 2005

c) IEC 62208-2, “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 8 GHz™

Methods Applied and Interpretation of Parameters:

» NORMx y z Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; 1= 1800MHz° waveguide).
NORMx,y 2 are only intermediate values, i.e.. the uncerainties of NORMx,y z does not effect the
E’ -field uncenainty inside TSL (sae balow ConvF)

*  NORM{fxyz = NORMx y z° frequency_response (see Frequency Response Char). 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 inearization paramelers assessed based on the data of power sweep
(no uncartainty 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
charactenstics

«  Ax iz Bxyz CxyzVRx yz:ABC 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 s the maximum calibration range expressed in RMS voltage across the diode

= ConvF and Boundary Effect Paramelers. Assessed in flal phantom using E-held (or Temperature
Transfer Standard for f<B00MHz) and inside waveguide using analytical fietd distributions based on
power measurements for f >800MHz. 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 NORMx.y,z* ConvF whereby the uncertainty comesponds 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 tox100MHzZ

« Spherical isotropy (30 dewiation from isofropy). In a field of low gradients realized using a flat
phantom exposed by a patch antenna,

s Sensor Offsel’ The sensor offset correspands to the offset of virlual measurement center from the
prabe tip (on probe axis). No tolerance required.

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

Certiflcate Mo: 721-98671 Page 2of 11
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Probe EX3DV4

SN: 7396

Calibrated: May 06, 2021
Calibrated for DASY/EASY Systems

{MNote: non-compatible with DASY2 system|)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 7396

Basic Calibration Parameters

SensorX  |SensorY  |SensorZ  Unc(k=2)
Norm(pVi{Vim)*)" 054 0.53 | 0.50 +10.0%
 DCP(mV)° 978 104.5 | 102.5 )

Modulation Calibration Parameters

uiD Communication |A -] e D |vﬂ Unc* |
SystemMName | dB | dB.uV a8 mV_ |(k=2) |
0 cw {x (00 |00 1.0 0.00 | 199.9 |#24%
[y o0 [00 [10 | 12033
| | {z |oo [o0 [10 | | 195.0

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

* The uncertainties of Norm X, ¥, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6).
5 Mumerical 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: Z21-28671 Page 4 of 11




Report No.: 18220WC20056901 FCC ID: 2A5EP-S10 Page78of 146

Adid: Mo 51 Xuevoan Road, Haidian Dessrict. Beijing. 100191, Ching
Tel: ~H&-1 0-H230463 12218 Fae: +B=10=62 30463 1-2209
E-mail- citlid chinmil com Hp A www chinanl.on

DASY/EASY - Parameters of Probe: EX3DV4 - SN: 7396

Calibration Parameter Determined in Head Tissue Simulating Media

| Relative | Conductivity o | Depth®  Unct.
" ConvF X | ConvF Y | ConvF Z | Al ;

P |y (Sim)" oz | AP () | (k=2
750 419 | o8 982 | 082 | 982 | 030 | 085 | £12.1%
835 11.5 0.90 am am a7 015 138 | £121%

| 900 415 0a7 q87 987 987 0.18 1.37 : +12.1%
L SO . - - it il —
| 1750 40.1 1.37 a.61 861 861 0.25 1.04 +121%
1900 | 400 140 B13 | 813 | 813 | 024 | 101 +121%
B 2100 39! _i 1.49 3.14____ E-l‘ 814 0.24 1.04 +12.1%
2300 395 1.87 T7.85 7.85 7.85 0.40 075 | #12.1%
2450 392 180 757 | 757 | 757 | 050 | 075 | £12.1%
2600 | 380 | 196 | 738 | 738 | 738 | 064 | 068 | Z121%
5250 350 471 533 | 533 | 533 | 045 | 130 | +133%

E_ﬁﬂ?___ 355 |l ___5_.9? 4 B9 4 B0 489 _ﬂ_{E 1.35 '|: 13.3%

5750 | 354 522 492 492 492 045 145 | +13.3%

© Fraquancy validity above 300 MMz of £100MHz only applies for DASY v4.4 and higher (Page 2), elze it i resirictad to
+50MHz. The uncertainty is the RSS of ConvF uncertainly al calibration frequency and Ihe uncertainty for the indicated
frequency hand Frequency validity bakow 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128
150 and 220 MHz respectvely. Above 5 GHz frequency validity can be extended to 110 MHz.
'.ﬁ.trruqmnwhuuw:iﬂl-lz the validity of issue paramelers (€ and 0) can be redaced to 10% I llguid compensation
formula is applied to measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (£ and 0] 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 warrants that the remaining deviation due 1o the boundary
effect after compensation = always l8ss than & 1% for frequencies bedow 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than haif the probe tip diameler from the boundary

Certificate Moz £21-98671 Page 5 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 7396

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity o | Depth® | Unct.
ﬂﬂ““ﬂ"'ﬂ'; . (sm)’ CM_FF X | ComFY | ComFZ | Awta (mm) | (k=2)
750 55.5 0.96 10.09 1000 | 1008 | 030 | 090 | +12.1%
835 552 0.97 9 88 988 988 | 019 | 132 | +121% |
800 55.0 1.05 082 .82 982 023 | 115 [ =12.1%
1750 534 1.49 8.24 B.24 B.24 024 | 106 | £121%
1900 533 1.52 7907 787 787 019 | 124 | —12.1%
2100 532 1.62 B.18 8.18 818 019 | 139 | =121%
2300 529 1.81 7.88 7.88 788 0.55 080 | —121%
2450 | 527 | 165 | 753 | 753 | 753 | 046 | 080 | =121%
2600 | 525 2.15 7.38 7.38 738 | 052 | 080 [=121%
5250 489 536 493 403 483 045 | 180 | =133%
_ 5600 485 507 418 | 419 4.18 048 | 190 | +133%
5750 | 483 594 452 452 | 482 048 | 195 | +133% |

© Frequency validity above 300 MHz of £+100MHz only applies for DASY v4 4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of GonvF uncertainty at calibration frequency and the uncadainty 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 a1 requency below 3 GHz, the validity of tissue parameters (£ and o) can be relaxed o £10% if igusd compensabon
formula is appbed to measuned SAR values. At frequences above 3 GHz, the vahdity of tissue parameters (¢ and o) is
resincied 1o £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated targel tissue parameters

“ Alpha/Depth are determined during calibration. SPEAG warranis thal the remaining deviation due to the boundary
effect afler compensation is always less than £ 1% for frequences below 3 GHz and below £ 2% for the frequencies
between 3-5 GHZ at any distance larger than half the probe tip diameter from the boundary.

Cenificate No: Z21-98671 Page 6 of 11
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Frequency response (normalized)

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)

Contificate No: 72198671 Page Tof 11
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Ermor{dB)]
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Roll+]
[+ ]100MHz - 600MHz —-  1800MHz  + 2500MHz|
Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
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Dynamic Range f(SAReaq)
(TEM cell, f = 900 MHz)

Input Signal[uV]
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Conversion Factor Assessment
=900 MHz, WGLS R9(H_convF)

| I —

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: 7396

_Other Probe Parameters
Al ——ees

Sensor Arrangement ‘ Triangular
i Eun:ct:r Angle [*) - | 1 EE.B—
| Ho:hani;al Surface Detection llu-d-a_ I enabled
;ﬂcil S'IJI"hEI_DI;ﬁﬂﬂ Mode —I_ - disable
.Pfhn Overall Length - szﬁrnrm-.J
Probe Body Diameter 10mm
Tip Length N D :m; 1
?pl;amnh-r - - T Z-,Ernm
i Probe Tip to Sensor X Calibration P;nt— N | imm
| Frt;he Tip t?S-amnr Y Cnllhra;on ;*ulnt_ - imm |
| Probe Tip to Sensor Z Calibration Pt | tman |

Recommended Measurement Distance from Surface 1.4mm

L

Cenificate No: Z21-98671 Page 11 of 1
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Glossary

DAE data acquisition elect

Connector angle  information used in D
coordinate system.

Methods Applied and Interpretation of |
= OC Voltage Measurement: Calibra
comparison with a calibrated instru
corresponds to the full scale range

» Connector angle: The angle of the
mechanically by a tool inserted. Un

* The following parameters as docun
result from the performance test an

« DC Voltage Measurement Line,
the nominal calibration voltage.
measurement,

= Common mode sensitivity: Influ
the differential measurement.

= Channel sgparation: Influence «
input voltage.

» AD Converfer Values with inpul
corresponding to zero input voll

= nput Offset Measurement, Qut
zero voltage measurements.

* [nput Offset Current: Typical va
current, not considering the inpi

= Input resistance; Typical value i
during internal auto-zeroing anc

» Low Batlery Alarm Voltage: Typ
alarm signal is generated.

=  Power consumption: Typical val
modes,
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: LS8 = B.1pV, full range = -100.,.+300 mV
Low Range: 1LSB = &1nV , full ramge = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Zz
High Range 404.489 £ 0.02% (k=2) | 404.852 = 0.02% (k=2) | 404.862 £ 0.02% (k=2)
Low Range 3.97827 £ 1.50% (k=2) | 3.95875 + 1.50% (k=2) | 397982 + 1.60% (k=2)
Connector Angle
| Connector Angle to be used in DASY system 53.0°41° |

Caertificate No: DAE4-387_Sep10 Page 3 of 5
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Report No.: 18220WC20056901

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

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200032.85 3.3 -0.00
Channal X + Input 20007 .64 1.88 0.1
Channal X = Input -20003.48 1.18 =0.01
Channel ¥ + Input 200034 23 -1.43 -0.00
Channal ¥ + Input 20006.60 0.8 0.00
Channel ¥ = Inpurt -20004,04 0.72 -0.00
Channel Z + Input 200035.38 -0.83 -0.00
Channel £ + Input 20003.869 211 -0.01
Channel Z = Input -20006.38 -1.50 0.0m
Low Range Reading (uV) Difference (uV) Efror (%)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 202.29 070 0.35
Channel X ~ Input -197.90 0.60 0,30
Channel ¥ + Input 2001.33 0,07 -0.00
Chanmel ¥ + Input 200.86 =0.80 =0.30
Channel Y = Input -198.87 =123 062
Channel Z + Input 2001 81 027 0.01
Channel Z + Input 200.60 -0.70 -0.35
Channel Z - Input -199.51 -0.85 0.43
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac
Common mode High Range Low Range
Input Valtage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 13.50 11.56
- 200 -B.64 -11.18
Channel Y 200 -0.81 -1.28
- 200 1.05 Q.09
Channel Z 200 TAT 6.91
- 200 -5.46 -8.01
3. Channel separation
DASY measurement parameters: Auto Zero Time; 3 sec; Maasuring time: 3 sec
Input Voltage (m¥) | Channel X (u¥) | Channel Y (uV) Channel Z {uV)
Channel X 200 - -1.70 0.33
Channel ¥ 200 10.70 - -0.38
Channel Z 200 7.1 7.89

Carificate Mo: DAE4-387_Sepi0
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4. AD-Converter Values with inputs shorted
DASY measuremant paramaters: Auto Zero Time: 3 sec; Measuring time: 3 sec
High Range (LSB) Low Range (LSB)
Channel X 150960 17468
Channel ¥ 15661 168162
Channel Z 15880 16130
5. Input Offset Measurement
DASY measurement paramaters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Impat 1000
Std. Deviation
A ! . (V)
wverage (uv) min, Offset (uV) | max. Otfset (uV) v
Channel X 0.73 -258 329 0.62
Channel ¥ 041 048 1.23 0.40
Channel Z -0.80 -1.88 0.30 0.4z
6. Input Offset Current
Mominal Input circuitry offset current on all channals: <25iA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
B. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.8
Supply (- Vec) ~7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (ma)
Supply (+ V) +0.01 +6 +14
Supply (- Vec) —a.m B -8

Cerificate No: DAE4-387_Sepid
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C as.n 1.88 mho/m
Measured Head TSL parameters (22.0£0.2)°C AT6=6% 2.05 mha/m = 6 %
Head TSL temperature change during test <0.5%C — e
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 57.2 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power B.57 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.9 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.5 2.16 mho'm
Measured Body TSL parameters (22.0 £+ 0.2)"C E04 6% 2.22 mho/m + 6 %
Body TSL temperature change during test <0.5°C — —
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Caondition
SAR measured 250 mW input power 14.5 Wikg
SAR for nominal Body TSL parameters normalized to 1W 56.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measurad 250 mW input power 6.45 Wikg
SAR for nominal Bady TSL parameters normalized o 1W 25.5 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed fo feed point 50,50 -8.3 )
Return Loss - 24.0 dB

Antenna Parameters with Body TSL

impedance, transformed 1o feed point 48741 -52 |0
Aeturn Loss - 24.0 dB

General Antenna Parameters and Design

| Electrical Dalay (one direction) | 1.151 ng 1

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is ditectly connectad to the
second arm of the dipole, The antenna is therefare short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in arder to improve matehing when loaded according to the position as explained in the
‘Measuremant Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
accanding to the Standard.

Mo excessive force must be applied to the dipole arms, becausa thay might band or the soldered connections naar the
teedpaln may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on August 14, 2012
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