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Client UnionTrust Certificate No: Z21-80111 )
CALIBRATION CERTIFICATE
Object ES3DV3 - SN : 3000

Calibration Procedure(s) FF-Z11-004-02

Calibration Procedures for Dosimatric E-field Probes

Calibration date: April 26, 2021

This calibration Certificate documents the traceabllity to national standards, which realize the physical units of
measuremants(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are par of the certificate.

All calibrations have bean conducted in tha closed laboratory faclity: environment temperature22+3)°c and
Rumicity<70%.

Calibration Equipment used {M&TE critlcal for calibration)

Primary Standards D # Cal Date{Calibrated by, Certificate No.)  Scheduled Calibration |
Pawer Meter NRP2 101919 16-Jun-20{CTTL, No.J20X04344) Jun-21 1
Power sensor  NRP-781 101547 168-Jun-20{CTTL, No.J20XD4344) Jun-21
Power sensar  NRP-Z91 101548 16-Jun-20(CTTL, Ma.J20X04344) Jun-21
Referance 10dBAttanuator TEMSW-10dB 10-Feb-20(CTTL, MNo.J20X00525) Feb-22
Reference 20dBAttenuator | 18NSOW-20dE 10-Feb-20{CTTL, No.J20X00526) Feb-22
Reference Probe EX3DW4 | SN 3817 27-Jan-21(SPEAG, No EX3-361 7_Jan21) Jan-22
DAE4 SM 1558 15-Jan-21{SPEAG, No.DAE4-1556_ Jan21) Jan-22

EE_EDI'I-CIEIW Standards ID# Cal DalelCalibrated by. Certificats Mo.) Scheduled Calibeation
SignalGenerator MG3TO0DA | 6201052605 23-Jun-2{CTTL, Mo J20X04343) Jun-21
Metwork Analyzer EBSOTIC M"HEH!J’ETS 2_'1 -Jan-ﬂiﬂ;_TI'L, Nn.dEﬂKﬂDETE} Jan-22

Nama Func:liurr ' Signature

Calibrated by: Yu Zongying SAR Test Engineer f&,%

Reviewed by. Lin Haa SAR Test Engineer : rﬁ?ﬁﬂ’:f o

Approved by Qi Dianyuan SAR Project Leader d::;_.,.,{i__,_..f"

tssuad: April 28, 2021
This calibration certificate shall not be reproduced except in full without written approval of the taboratony.
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Glossary:
TSL tissue simulating liquid
MORNM:x, vz sensitivity in free space
ConvF sensitivity in TSL | NORMx, vz
DCpP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization @ & retation around probe axis

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

8=0 is normal to probe axis

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

Calibration is Performed 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 the assessmant of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to & GHz)",
July 2016

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

d) KDB BES6E4, "SAR Measurement Requirements for 100 MHz to 8 GHz

Methods Applied and Interpretation of Parameters:

+  NORMx, v z: Assessed for E-field polarization B=0 (f=B00MHz 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

£? field uncertainty inside T5L (see below ConvF),

NORM{fix. )z = NORMx yz* frequency_response (see Frequency Response Chart). This
linearnzation is implemented in DASY4 software versions |ater thar 4.2. The uncertainty of the
frequency responss is included in the stated uncertainty of ConvF,

® DCPx 2 DCP are numerical lingarization parameters assessed based on the data of power sweep
{na uncertainty required), DCP doas 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.

s Axyz Bryz Cxyz,VRxyzAB,C are numerlcal 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 expressad in RMS voltage across the diode

» ConvF and Boundary Effect Parameters: Assessed in flat phaniam using E-field (or Temperature
Transfler Standard for fB00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same setups are used for assessment of the paramelars
applied for boundary compensation (alpha, dapth) 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 carrespends to NORMzx, yz* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is usad in DASY version 4.4 and higher which
allows extending the validity fromzS0MHz fo+100MHz.

»  Spherical isotrapy (3D deviation from iscfropy): in a field of low gradients realized using a fiat
phantom exposed by a patch antenna

= Sensor Offsel: The sensor offset corresponds to the offset of virlual measurement center from the
probe tip (on probe axis). Mo tolerance required.

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

Certificate Mo:Z21-6011 | Page 2 of 9
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Add: No.52 Hua'YienBe: Road, Haidimm District, Beifing, 100191, China
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DASY/EASY — Parameters of Probe: ES3DV3 — SN:3090

Basic Calibration Parameters

Sensor X ._E_enuur Y Sensor Z Unc (k=2)
Norm({uVi(Vim)®)* 1.24 1.34 1.35 £10.0%
DCR{mV)® | 1046 105.7 1041

Modulation Calibration Parameters

UID | Communication A g ¢ |b VR Unc=

| System Name dB dBpV dB mv | (k=2)

0 cw 1x oo Joo 1.0 0.00 |2687 |12.2%
I¥ leo oo |10 2824

| z |00 |oo 1.0 | 281.0

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

* The uncertainties of Norm X, Y, Z do not affect the E2-fiald uncartainty inside TSL (see Page 4).

® Mumerical inearization parameter: uncertainty not required.

F Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and 15 expressad for the square of the field value,

Certificate No:Z2 1-60111 Page 31 of 9
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DASY/EASY - Parameters of Probe: ES3DV3 — SN:3090

Calibration Parameter Determined in Head Tissue Simulating Media

| : . : —
f [MHz]~ p a:;::::rty . E.'um:ll:::'::ly ConvF X | ConvF Y | ConvF Z | Alpha® [:2]:‘:: :::;'
750 41.9 0.89 6.32 6.32 632 | 040 | 140 | +124%
835 41.6 0.90 6.15 6.15 615 | 037 | 148 | +121% |
1760 40.1 1.37 5.28 5.28 6528 | 0.63 | 127 | +121%
1800 40.0 1.40 508 | 508 508 | 069 | 123 | £121%
2300 39.5 1.67 4.80 480 | as0 | 080 | 112 | +12.1%
2450 39.2 1.80 4.60 4,60 480 | 071 | 134 |t121%
2600 39.0 1,96 4.43 4.43 443 | 088 | 115 | +121%

E Frequency validity above 300 MHz of £100MHz only applies for DASY wd 4 and higher (Fage 2}, elze it is rastricted to
+50MHz. The uncertainty is tha RSS of Canve uncertainty at calibration frequency and the uncertainty for the indicated
fraquency band. Frequency validity below 300 MHz is £ 10, 25, 40, 50 and 70 MHz far ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above § GHz fraquency walidity can be extended to £ 110 MHz,

" At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxsd to +10% [f liguid compensation
tormuia is applied to measured SAR valuas. At frequencies above 3 GHz. the validity of tissue parameders (£ and o) =
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target issue parameters.

Y Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviafion due to the boundary
affect after compensation is slways less than + 1% for frequencies below 3 GHz and balow t 2% for the frequencies
between 3-8 GHz at any distance larger than half the probe lip diameter from the boundary.

Certificate No:Z21-60111 Page 4 of 0
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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 No:Z21-60111 Page 5 of 9
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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)

Centificate No:Z21-601 11 Page & of 9
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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 Assessment: £3.29%, (k=2})
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DASY/EASY — Parameters of Probe: ES3DV3 - SN:3090

_Other Probe Parameters

Sensor Arrangement Triangular
_Ennnﬂntur Angle (") . 2.2 i
Mechanical Surface Detection Mode enabled 3
Optical Surface Detection Mode disable
Probe Overall Length | 33Tmm
_Frnhn Body Diameter 10mm
;p Length 1ﬂmm_
Tip Diameter 4mm_
Probe Tip to ﬁemw X Calibration Point 2mm
Probe Tip to Sensor Y t.':nllihratiun Point Emm_
Probe Tip to Sensor Z Calibration F;nint imm_
Recommended Measurement Distance from Surface 3mm

Certificate No:Z21-6011] Fage 9 of @
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Client Intertek Certificate No: Z20-60459

CALIBRATION CERTIFICATE

Cbject EX30V4 - 5N 7322

Calibration Procedurels) FF.211.004.02
Calibeation Procedures for Diogimetric E-fiald Probes

Calibration date: Movember 30, 2020

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements{3l}. The measurements and the unceriainties with confidence probability are given on the following
pages and are part of the cerificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(zz+3°c and
humidity=70%.

Calibration Equipment used (MATE crillcal for calibration)

——

Primary Standards ID# Cal Date(Calibrated by, Ceriificate No) _ Scheduled Calibration
Fowear Mefter MNEP2 101919 TE-Jun=200CTTL, Mo J20X04344) Jum-21
Power sensor  NRP-Z291 101547 16-Jun-20{CTTL, MNo.J20X04344) Jun-21
Power sengor  MRP-Z91 101548 16-Jun-20{CTTL, Ma.J20x04344) Jun-21
Reference  10dBAttenuator 18NS0OW-10d8  10-Feb-20{CTTL, No.J20X00525) Feab-22
Reference 20dBAftenuator | 1BNSOW-20dB  10-Feb-20{CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 20-May-20(SPEAG, No EX3-7307_May20) May-21
DAE4 SM 1866 4-Feb-20{SPEAG MNo.DAE4-1556_Feb20) Fab-21
‘Secondary Standards ID# Cal Date{Cafibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605  23-Jun-20(CTTL, No.J20X04343) Jun-21
_ Network Analyzer ESO71C | MY46110673  10-Feb-20(CTTL, No.J20X00515) Feb-21
Mamea Function Signaiure
Calibrated by: Yu Zongying SAR Test Enginesr AA{:;J
Reviewed by: Lin Hao SAR Test Engineer 'ﬁf](,;}%
Approved by: Qi Dianyuan SAR Project Leader —rrid

lesued: Dacambar 02, 2020
This calibration certlficate shall not be reproduced except in full without written approval of the laboratory,

Certificate Mo: Z20-60459 Page 1 of 10
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Glossary:
TSL tissue simulating liguid
NORMx v.z sensitivity in free space
CorvF sansitivity in TSL f NORMx v,z
DCP diode compression point
CF crast factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Folarzaton @ @ rotation around probe axis

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

8=0 is normal lo 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 3id 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorplion Rate (SAR) In the Human Head from Wireless Communications Devices:
Measurement Technigues®, June 2013

b} IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
Tardégelé! and body-mounted devices used next to the ear (frequency range of 300 MHz to € GHz)",

uly 201

c) [EC 62208-2, "Procedure to determine the Specific Absorplion Rate (SAR) for wireless communication

EE?E:ES used in close proximity o the human body (frequency range of 30 MHz to 6 GHz)", March
1

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

Methods Applied and Interpretation of Parameters:

»  NORMyy 2 Assessed for E-field polarization 8=0 (f=000MHz in TEM-cell, f=1800MHz. waveguide).

NORM:x,y.z are only intermediate values, .e., the uncedainties of NORMx, v,z does not effect the

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

= NORM(flx v,z = NORBMx ) 2" frequency_response (see Frequency Response Chart). Thig
hinearization is implemanted in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncerainty of ConvF.

« DCPxyz: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on freguency nor media.

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

o Axpr Beyz CxyrVRyyzABC are numarical linearization parameters assessed based on tha
data of power sweep for specific modulation signal. The parameters do not depand en frequency nor
media. VR ig the maximum calibration rangs expressad in RMS voltage across the diode.

= ConvF and Boundary Effect Parameters: Assessed In flal phantom using E-field {or Temperatune
Transfer Standard for f2B00MHz) and inside waveguide using analytical field 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.
Thase parameters are used 0 DASY4 sofiware to improve probe accuracy close o the boundary.
The sensilivity in TSL coresponds to NORMx.y,z* ConvF whereby the uncertainiy corresponds to
that given for ConvF. A fraquancy dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz,

= Sphencal isctrapy (3D deviation from isotropy). in a field of low gradients realized using a flat
phantom exposad by a paich antenna.

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

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

Certificate No:Z20-50459 Page 2 of 10
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7322

Basic Calibration Parameters

‘Sensor X Sensor ¥ Sensor Z | Une (k=2)
Norm{uVi{Vim)?)* 0.45 0.55 ' 0.54 +10.0%
DEFimVF 96.8 97.7 X

Modulation Calibration Parameters

uID Communication A B ie D VR Unc =
| System Name dB dB-pV dB my (hk=2)
0 cW X 0.0 0.0 1.0 0.00 1565 |[1+22%
¥ |oo oo 1.0 [179.2 |
Zz 0.0 0.0 1.0 177.0

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
Corresponds to a coverage probability of approximately 85%,

A The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 4 and Page 5).
B Numerical lingarization 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 value.

Certificate No:Z20-60459 Page 3 of |0
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CALIBRATION LABORATORY

DASY/EASY — Parameters of Probe: EX3DV4 — SN:7322

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductiv ' % | Unet.
(O |y m::':“?" ConvF X | ConvF Y | ConvF Z | Alpha® m b
750 49 | 089 1000 | 1000 | 1000 [ 040 | 075 | +121%
835 41.5 0.90 8.67 9.67 967 | 019 | 146 | £121% |
1750 401 1.37 B.36 8.35 836 | 021 | 105 | +12.1% |
1900 40.0 1.40 8.03 | 803 803 | 022 | 108 | +12.1%
2300 39.5 1.67 776 | 776 | 776 | 058 | 086 | +121%
2480 39.2 1.80 738 | 7.38 7.38 | 037 | 082 |+124%
2600 39.0 1.96 7.22 7.22 722 | 037 | 091 | +121%
5250 369 4M 5.35 5.35 635 | 046 | 1.30 | +13.3%
5600 3556 5.07 4,75 4.75 475 | 050 | 1.40 | £13.3%
| 6750 35.4 5.22 472 472 | 472 | 060 | 145 | £13.3%

E Frequency vallidity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), eise it is restricted to
+50MHz. The uncertainty is the RSS of ComvF uncartainty at calibration frequancy and the uncertainty for the indicated
frequancy band. Frequency validily below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for CanvF assessments at 30, 64, 128,
160 and 220 MMz respectively, Above 5 GHz frequency validity can be extended to £ 110 MHz
F At frequency below 3 GHz, the validity of tissue parameters (¢ and @) can be relaxed to £10% if liquid compensation
formula ks applied to measured SAR values. At frequencies above 3 GHz, [he validity of tissue parameters (g and @) is
restricied to #5%. The uncertainty is the RSS of tha ConvF uncertainty for indicated target tissue parameters,

& plpha/Depth are determined during cakbration. SPEAG warranis that the ramaining deviation due o the boundary
effect after compensation is alweys less than 2 1% for freguencies below 3 GHz and below £ 2% for the frequencies
between 3-fi GHz at any distance larger than half the probe tip diameter from the boundary.

Cerificate Mo:Z20-60459

Page 4 of 10
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:7322

Calibration Parameter Determined in Body Tissue Simulating Media

" [ it
f [MHz]° MT;I:::;ﬁ c““‘:t:;;':“’ ConvF X | ConvF Y | ConvF Z | Alpha® I:::'::; :';':;:
| 750 55.5 0.96 10.05 | 10.06 | 1006 | 0.40 | 0.80 | 12.1%
B35 56.2 0.97 969 | 969 | 989 | 019 | 132 | +121%
1750 53.4 1.48 8.00 8.00 Bo0 | 020 | 121 [ +124%
1900 53.3 1.52 777 7.77 777 | 018 | 132 | +12.1%
2300 52.9 1.81 7.60 7.60 760 | 057 | 076 | £121%
2450 52.7 1.96 7.43 7.43 743 | o064 | 072 |+121%
2600 52.5 218 .21 7.21 721 | 066 | 089 |+121%
526D 48.9 5.36 4.70 4.70 470 | 060 | 127 | £133%
5600 48.5 5.77 4.14 a14 | 414 | 060 | 137 | £133%
5750 48.3 5.84 4.26 426 | 425 | 060 | 138 | £13.3%

E Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted 1o
+H0MHz. Tha uncertainty is the RES of ConvF uncertainty at calibration frequancy and the uncartainty for the indicated

frequency band, Frequency validity betow 300 MHz is £ 10, 25, 40, 50 and T0 MHz for ConvF assessments at 30, 64, 128,

150 and 220 MHz respectively. Above § GHz frequency validity can be extended to = 110 MHz.
F At frequency below 3 GHz, the validity of issue parameters (£ and o) can be refaxed o +10% If liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (£ and o) s
restrictad to £5%. The uncerainty is the RSS of the ConvF uncertainty for indicated targat issus parameters,

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due ip the boundary
elfect afler compensation is always less than £ 1% for frequancies 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.

Cerificate NoZ 20-604 59
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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°

=600 MHz, TEM f=1800 MHz, R22
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Uncemainn of Axial Isotropy Assessment: £1.2% (=2
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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 Assessment: 23.2% [k=2)
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CALIBRATION LABORATORY

Adld: Mou31 Xoevuan Kead, Haldan Disimcs, Beljmp. 100191, Chng
lel: +Bo=10-62 HH633-2512 Fox: +86- 10-G2 30465 32504
E-mail: erili@elinatt] com Hing: s chinattl eq

DASY/EASY — Parameters of Probe: EX3DV4 — SN:7322

Other Probe Parameters

Sensor Arrangement Triangular
Conneactor Angle (*) 40.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Proba Overall Length : i 337mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diametaer 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor £ Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Certificate Mo Z20-60459 Page (0of 10
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5 T~y CALIBRATION
Add: N, 52 HunYuanBei Road, Haldisn Digtrict, Beijing, 100191, Chine % bl & CNAS LOSTO
Tef: +86-10-62 30463 3-2312 Fa: +H6: 1046230463 3-2 504 Hulw
E-mall: ciligehimanilcom Hittpetwwew.chil gl cn
Client :  UnionTrust Certificate No: Z21-60110
CALIBRATION CERTIFICATE
Object DAE4 - SN: 662

Calibration Procedure(s) EE-211-002-01

Callbration Procedure for the Data Acquisition Elecironics
(DAEX)

Calibration date: April 09, 2021

This callbration Certificate documents the traceabiiity to national standards, which realize the physical units of
measuremanis(Sl). The measurements and the uncenainties with confidence probability are given on the following
pages and are part of the centificate.

All calibrations have been conducted in the closed laboratory facility: environment temperaturazze3*C  and
humidity=70%.

Calibration Equipment used (M&TE critical for calibration)

|
Primary Standards I & Cal Date{Calibrated by, Cerlificate No.) Schedubed Calibration

Procass Calibrator 753 | 1971018 16-Jun-20 (CTTL, No_J20X04342) Jun-21

Klama Function Signature
Calibrated by: Yu Zongying SAR Test Engineer %

Reviewed by: Lin Haa SAR Test Enginser rﬂt 1‘%

Approved by: Qi Dianyuan SAR Project Leader E‘%W

lssued: April 11, 2021
This calibration cerfificate shall not be reproduced except in full without written approval of the laboratory.

Certificate Mo: Z21-601 10 Page 1of 3
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Adil: Mo 52 HunYonnBei Rosd, Haidlan Distriet, Beijing, 100091, Chinn
Ted: +BA-10-623i33-2512 Fa: +86=10-62 3063 5-2504
E-mail: crilichinsil cony Haip: Yo chinatib.cn

“TTi Eﬁm e a g

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 report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z21-60110 Fape 2 of 3
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CALIBRATION LABORATORY
Add: Mo 32 HuaYuanflei Rosd, Hoddian Disivict, Beijing. 100091, Cliioa

N

Tiel: +Bfi=- 1 D23 0463 3-23 02

Frx: =86 10-0230:4633-2504

E-mnil: ctili@ehipatil eom Hitpetwenrwechinnel,cn
DC Voltage Measurement
AD - Converter Resoiution nominal
High Rangs: 1LSE = 8. 1uy | full range = 100, +300
Low Range: 1LSB = 61V, full range = M +3m

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

Calibration Factors

X

Y

Z

High Range 404.480 £ 0.15% (k=2) | 404.376 + 0.15% (k=2] | 404.749 £ 0.15% (k=2)
Low Range 197768 + 0.7% (k=2) | 396081 +0.7% (k=2) | 307674+ 0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 220

Certificae No: £21-601 10

Page 3 ol 3
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Clisnt: Intertek Certificate No: Z20-60460
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1473
Calibration Procedurais) FF.211-002-01

Calibration date:

humidity=70%.

Calibration Procedure for the Data Acquisition Electronics
{CAEx)

Movember 23, 2020

This calibration Cestificate documents the traceabllity to natlonal standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with cenfidence probability are given on the following
pages and are part of the cenificate.

All calibrations have been conducted In the closed |laboratory facility: environment temperature{22i3)°c and

Calibration Equipment used (M&TE crilical for callbration)

Primary Standards D& Cal Data{Calibrated by, Certificate MNo.) Scheduled Calibration
Process Calibrator 753 | 1971018 16-Jun-20 (CTTL, No.J20X04342) Jun-21
Mame Funclion Slgnature
Calibrated by: Yu Zongying SAR Test Engineer %
Reviewad by: Lin Hao SAR Test Enginaar -m])( 3%
| Approved by Qi Dianyuan SAR Project Leader _::é”_it‘?\—_._

| This calibration cerlificale shall not be reproduced except in full without wiitten approval of the laboratory.

Issued: November 25, 2020

Cestificate Mor Z20-6

(464

Page 1 of 3
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CALIBRATION LABORATORY

Addd; boo 31 Xoevuan Rosd, Haidian District, Beijmg, 10191, Ching
Fiel: +84- 1623046332512 Frx: =846 10-62304633-2 504

[E=murk: climchinatil.com Hitpafwwwehinanl 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
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 report provide only calibration results for DAE, it does not contain other
performance test results,

Certificate Mao: Z20-60460 Page2 ol 3
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CALIBRATION LABORATORY

DC Voltage Measurement
AD - Converter Resolution nominal
High Range: 1ILS5B = R JTATA
Low Range: LS8 = B1nv

full range =
full range = -1
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring fima: 3 sec

Famc: i 1062 300063 32 504
Hitpuwwwechinatil cn

oA

=100, +300 mbf

Calibration Factors X Y z

High Range 403,881 £ 0.15% (k=2) | 404.581 + 0.15% (k=2) | 404 433 + 0.15% (k=2)

Low Range 396518+ 0.7% (k=2) | 3.9864T7 £ 0.7% (k=2) | 3.98993 +0.7% (k=2)
Connector Angle

Connector Angle to be uged in DASY gystem

3710

Certificate Mo: Z20-60460
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CALIBRATION LABORATORY
Add: Ne.51 Xueyuan Road, Haidian Distriet, Beijing, 100191, China

spEWA
EFEA

Btk
GALIBRATION

Tel: +86-10-62304633-2079  Tax: +86-10-62304633-2504 CNAS L0570
E-mail; ctili@chinattl.com http:/furww chinatil.en
Client Hydsoft Testmg Co., Ld Certificate No:  219-60319

CALIBRATION CERTIFICATE

Object B750V3 - SN: 1048

Calibration Procedure(s) FF-Z211-003-01

Calibration Procedures for dipole validation kits

Calibration date: Seplember 23, 2019

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

All calibrations have been conducted in the closed laboratory facility: environment temperature(221+3)'¢ 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 108276 11-Apr-19 (CTTL, No.J19X02605) Apr-20
Power sensor NRPSA 101369 11-Apr-19 (CTTL, No.J/18X02605} Apr-20
Reference Probe EX3DV4 | SN 3817 31-Jan-19(SPEAG,No.EX3-3617_Jan19) Jan-20
DAE4 SN 1855 22-Aug-19(CTTL-SPEAG,N0.Z19-60295) Aug-20
Secondary Standards 1D # Cal Date(Calibrated by, Cerlificate No.) Scheduled Gatibration
Signal Generator E4438C | MY48071430 23-Jan-19 (CTTL, No.J19X00338) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J18X00547) Jan-20

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer ’

Reviewed by Lin Hao - SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

Issued: September 25, 2019
This calibration certificate shall not be reproduced except in full without writlen approval of the laboratory.

Certificate No: Z19-60319 Page 1 of 8
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CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beifing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: ctii@chinattl.com htip:/fwww.chinattlen
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 Foliowing 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 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 62209-2, “Procedure fo measure the Specific Absorption Rate (8AR) 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:

e 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.

o Anfenna 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 anms oriented
parallel to the body axis.

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

o FElectrical Delay: One-way delay betwsen the SMA connector and the antenna feed point.
No uncertainty required.

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

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

e SAR for nominal TSL parameters: The measured TSL parameters are used to calcylate the
nominal SAR result.

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

Certificate No: Z19-60319 Page20f3
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CALIBRATION LABORATORY

Add: No.51 Xucyuan Road, Haidian District, Beijing, 100191, China

Tel: +86-10-62304633-2079
E-mail: etti@chinattl.com

Measurement Conditions

Faoe: +86-10-62304633-2504
htp:/fwww,chinatil.cn

DASY system configuration, as far as nol given on page 1.

DASY Version DASY52 V52.10.2

Extrapolation Advanced Extrapotation

Phantom Triple Flat Phantom 6.1C

Distance Dipole Center - TSL 15 mm wilh Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz £ 1 MHz
Head TSL parameters

The following paramaters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 419 ©.89 mho/m

Measured Head TSL parameters (220%+0.2)°C 4151+6% 0.90 mho/m £ 6 %

Head TSL temperature change during test <1.0°C —_ -
SAR result with Head TSL

SAR averaged over 1 em’” (1 a) of Head TSL Congdition

SAR measured 250 mW input power 2.15Wikg

SAR for nominal Head TSL parameters

normalized fo 1W

8.52 Wikg * 18.8 % (k=2)

SAR averaged over 10 omi® (10 g} of Head TSL

Condition

SAR measured

250 mW input power

1.45Wikg

SAR for nominal Head TSL paramelers

normalized 1o 1W

5.76 Wikg £ 18.7 % (k=2)

Body TSL parameters

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 65.5 0.96 mho/m
Measured Body TSL parameters (22.0+0.2) °C 55.5+6% 0.94 mho/m+6 %
Body TSL temperature change du'rlng test <1.0°C - -

SAR result with Body TSL.
SAR sveraged over1 om’ (1 41} of Body TSL Condition
SAR meastired 250 mW input power 214 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.70 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Body TSL Condilion
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6,75 Wikg 318.7 % [k=2)

Page 3 0f 8
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-207¢ Fa: +86-10-62304633-2504
E-mail; cttl@chinattl.com hitp:/fwwv.chinaltl.cn

Appendix (Additional assessments outside the scope of GNAS L0570)

Anfenna Parameters with Head TSL

Impedance, transformed to feed point §3.00- 1,392

Retum Loss - 29.9d6

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.40- 3.17i0
Retuin Loss - 28.9dB

General Anfenna Parameters and Design

Elecirical Delay (one dlreclion) 0.898 ns

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

The dipaole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z19-60319 Page 4 of 3
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 160191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: ctti@chinattl.com http:/fww~wchinattlen |

DASYS Validation Report for Head TSL Date: 09.23.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 7506 ¥MHz; Type: B750V3; Serial: D750V3 - SN: 1048
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Mediun: parameters used: f= 750 MHz; o = 0.899 S/m; g, = 41.48; p = 1000 kg/m3
Phantom section; Right Section
DASYS5 Configuration:

= Probe: EX3DV4 - SN3617; ConvF(10.03, 10.03, 16.03) @ 750 MHz; Calibrated:
1/31/2019

» Sensor-Surface: [.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Snl555; Calibrated: 8/22/2019

« Phantom: MFP_V3.1C; Type: QD 000 P51 CA; Serial: 1062

s  Measurement SW: DASYS52, Version 52,10 (2); SEMCAD X Version 14.6.12
(7470)

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

Reference Value = 55.63 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.07 Wikg

SAR(1 g) = 2.15 Wikg; SAR(10 g) = 1.45 W/kg

Maximum value of SAR (measured) =2.78 W/kg

dB
0

-1-1.66

-3.72

-5.04

-7.44

549,30

0 4B =2.78 W/kg = 4.44 dBW/kg

Certificate No: Z219-60319 Page 5 of 8
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Impedance Measurement Plot for Head TSL

Trl sii {oq Mag 10, 00ds/ Ref 0.000d8 (FL]
50.00 1oy o000 e -9, 679 g8

40.00
30.00
20,00
10.00
0. 000} 5

-10.00

-20.00

o Ll

=3e. 00
~40.00

-50,00 F-N
] 511 emith (R+§X) Scale 1.000U [F1 &1l

»1  750.00000 MMz 52.9%7 n -1.3876 0 152.9

Certificate No: Z19-60319 Page 6 0f' 8
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CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beljing, 100£9], China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: ettl@@ehinattl.com htip:/fvranv.chinattl.cn

DASYS Validation Report for Body TSL Date: 09.23.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial; D750V3 - SN: 1048
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: = 750 MHz; o = 0.94 S/in; & = 55.53; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

o Probe: EX3DV4 - SN3617; ConvF(9.85, 9.85, 9.85) @ 750 MHz; Calibrated:
1/31/2019

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

¢ Electronics: DAE4 Sn1555; Calibrated: 8/22/2019

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

» Measurement SW: DASY52, Version 52.10(2); SEMCAD X Version 14.6.12
(7470)

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

Reference Value = 54.56 V/m; Power Dyift = -0.00 dB

Peak SAR (extrapolated) = 3.20 W/kg

SAR(1 g} = 2.14 W/kg; SAR(10 g) = 1.42 W/kg

Maximum value of SAR (measured) = 2.84 Wikg

di
—y [}

-2.00

-4.00

-6.00

-8.00

-10.00

0 dB=2.84 W/kg =4.53 dBW/kg

Certificate No; Z19-60319 Pagc 7 of 8
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Tek: +86-10-62304633-2079 Fax: +86-10-62304633-2504
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Impsedance Measurement Plot for Body TSL

Fri 11 Log Mag ©D,00087 Ref O.000d8 (FLi
30-00 o535 60666 NRz ~28. 875 U8
40.00

30,00
20,00
10,00
£, 600
~10. 0%
~20.00
-30.00

-46¢,00

-50.¢0 Y
3 511 amith (R+§>) scale 10000 [Fi Del]

»L 750.00000 MHz 48.416 0 -3.1704 0 66,9

Certificate No: Z16-60319 Page 8 of 8
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Client UnionTrust Certificate No:  Z21-60104
CALIBRATION CERTIFICATE
Object DB3EVZ - SN 40005

Calibration Procedure(s) FF-F 11-003-01

Calibration Procedures for dipale validation kits

Calibration date: April 13, 2021

This calibration Cerfificate documents the traceability to national standards, which realize the physical units of
measuremeants(Sl). The measurements and the unceriainties with confidence probability are given on the following
pages and are part of the cerificate.

All callbrations have been conducted In the closed Ishoratory facility: environment temperaturs(2243°C and
humidity<70%.

Calibration Equipment used (MATE critical for callbration)

Primary Standards D # Cal Date(Callbrated by, Cerfificate No.)  Scheduled Calibration
Power Meter MNRP2 106276 12-May-20 (CTTL, No J20X02085) May-21
Power sensor  NEPSA 101368 12-May-20 (CTTL, No J2OXO2055) WMay-21
ReferenceProbe EX30DV4 | SN 7307 28-May-20(SPEAG No. EX3-7307_May20) May-21
DAE4 SN YTV 08-Jan-21{CTTL-SPEAG No.Z221-60003) Jan-22
Secondary Standards ID# Cal Date[Callbrated by, Cerificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Fab-21 (CTTL, Mo, J21X00593) Jarn-22
NetworkAnalyzer ESOTIC | MY46110873  14-Jan-21 (CTTL, No.J21X00252) Jan-22

Mame Function Signature

Colrmbag Dy Zhan Jing SAR Test Engineer

Reviewed by Lin Hag SAR Test Engineer -“WF,)%?

b Qi Dianyuan SAR Project Leader ..:::%ﬂz________f

Issued: April 19, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Addd: Mo 52 Hua Y Bl Hood, Haddsen Diistrict, Beijing, 1001%1, Ching
Tel: +R6-10-63M4633-2079 Fax: +E6-10-623046335.2 504

E=mail; exiliehinant. com hopelwwvechinarlen
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y.z
MJA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "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
BGHz)", July 2018

c) IEC 62208-2, "Procedure to measure the Specific Absorption Rale (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to BGHz)", March 2010

d)} KDBBB5S664, SAR Measuremeant Requirements for 100 MHz to 6 GHz

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurermen! Condiftons: 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.

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

s Feed Poinf Impedance and Refurn Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom. The impedance slated is transformed from the
measurement at the SMA connector to the feed poinl. The Return Loss ensures low
reflected power. No uncertainty reguired.

» Electrical Delay: One-way delay between the SMA connector and the antenna fead paint.
No uncerfainty required.

= SAR measured: SAR measured at the stated antenna input pawer.

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate tha
neminal SAR result.

The reported uncertainty of measurement is staled as the slandard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds fo a coverage probability of approximately 35%.

Certificate Mo: Z21-600 04 Page 2 of &
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CALIBRATION LABORATORY

Add: M52 HuaYuanBel Rood, Haidian Diseelet, Beiping, 100191, Ching

Tels -+t 10-62 3040352079

E-rnail: erliehinal.com hetpewowncckdialil.cn

Measurement Conditions

Fax; +Bi-1{-6230463 3-2 51

DASY system confliguration, as far as.li'u:ut given on page 1.

DABY Varsion DASYR2 Wh2.10.4
Extrapolation Advanced Exirapotation
Phantom Trigle Flat Phantom 5.1C
Distance Dipale Cantar - TSL 15 mm with Spacer
Zoom Scan Resolution e, dy, dz = 5 mm
Frequency B35 MHz + 1 MHz
Head TSL parameters
Tha following parameders and calculations were appliad.
Temperaturs Parmittivity Conduciivity
Mominal Head TSL parameters 22.0°C 41.5 0,80 mihosm
Measured Head TSL parameters [Z2.0£0.2)°C 411 =6% 0.91 mhaim 6 %
Head TSL temperature change during test =1.0°C j o
SAR result with Head TSL
SAR averaged over 1 i’ (1 g) of Head TSL Condition
SAR measured == 250 mW ingut powrer .39 Wikg
SAR for nomingl Head TSL parameters normalized o 1% 948 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cmr’ (10 g) of Head TSL Condition
S8R messurad 250 W inpul power 1.57 Wikg
SAR for nominal Head TSL paramaters normalized fo 1W 6,26 Wikg £ 18.7 % (k=2)

Certificate Moz 22 1-60104
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Adel; M 52 HuaYian Biei Road, Hoidian Districs, Beijing, 100191, China
Tek; +84- [0-623(633-2079 Fax; +E6-| 0-62304633-2504

E-mwil: eiiliieldnanl com bt e ebdiate], e

Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

impedance, iransfoimed fo feed point 60.40- 4.50i0

Redurn Loss - 26,848
General Antenna Parameters and Design

Electical Delay (one direction) 1,306 ns

After long term usa with 100V radiated power. only 2 slight warming of the dipole near the feedpoint can

e meEasuned.

The dipole Is made of standard semirgid coaxial cable. The certer conductor of the feeding line s diractly
connecied to the second arm of the dipole. The antenna is therefore short-circuited for DG-signals. On some
of the dipeles, small end caps are added to the dipole arms In order to improve migtehing when loaded
according o the position as explained in the "Measurement Conditions” paragragh. The SAR data are nat

affected by this change. The cvarall dipole length is etill acearding to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the solderad

cannections near the feadpoint may be damaged.

Additional EUT Data

Maruslactured by

BPEAG

Certificate Mao: 22 1-60 104
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Audel; Mo, 52 HusYuanBiei Koad, Haidian Districe, Bejing, 100091, Chiis

Ted +#8-10-62 30462320070 Fax: +86- | 0-62304603 12504
E-mail: ettliitchingilLoam It i himttl.cn
DASYS Validation Report for Head TSL Diate: (4,13.2021

Test Labaratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4diW5
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cyele: 1:1
Medium parameters used: =835 MHz; & = 0.906 S8/m; & = 41.05; p= 1000 kg/m’
Phantom scction: Center Section

DASYS Configuration:

= Probe: EX3DV4 - SN7307; ConvF(10.2, 10.2, 10.2) @ 835 MHz: Calibrated:
2020-05-79

=  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

» Measimement SW: DASY 52, Version 52.10 {4): SEMCAD X Version 14.6.14
(T4E3}

Dipole Calibration/Zoom Sean (7Tx7x7) (Tx7x7)/Cube 0: Measurement grid: dx=Smm,
dy=5mm, de=5mm

Reference Value = 58.67 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.62 Wikg

SAR(1 g) = 2.39 Wikg; SAR(10 g) = 1.57 Wik

Smallest distance from peaks to all points 3 dB below = 18.6 mm

Ratio of SAR at M2 to SAR at M1 = 66.2%

Maximum value of SAR (measured) = 3.19 Wikg

dB
]

-2.07
-4.13
-6.20

4.26

-10.31

0dB=23.19 Wikg = 5.04 dBW/kg

Certificate Mo: Z21-60104 Page $ of §
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Add: Mo.52 HuaYiarBei Rood, Heidiae District, Beijlng. 10019F, China
Tel= + Bt 11623046 33-2079 Fe: +86- | D-62 3046332504
E-mnil; coli@gehinailcom higp: oeww, e hinanlcn

Impedance Measurement Plot for Head TSL
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Add: Mo.52 Hus YomnBel Rowd, Haidian District, Beijing, 100191, Ch % - v CALIBRATION
lek +86-10-62304633-2079 Farn: 86 G236 504 *»me.? CMAS LOSTD
E=makl enlichinmil.con it wwchinatil.cn

Cliamt UnionTrust Certificate No: Z21-601086

CALIBRATION CERTIFICATE

Object D1750V2 - SN: 1086

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

Calibration Proceduras for dipoée validstion kits

Calibration date. April 14, 2021

This calibration Cerificate documents the traceability to national standards, which realize the physical units of
maasuremantsiSl). Tha maasurements and the uncertainties with confidence probabilily are given on the following
pages and are parl of the cedificate

All calibrations have been conducted in the closed |lsboratory facility: environment temperatured@2+3C and
humidity<70%

Calibration Equipment used (METE critical for calibration)

Pr_lma[j_._l_s_tagdards D& Cal Date{Calibrated by, Certificate Na.) Schaduled C:ialibrs!!im
Power Meter NRP2 108275 12-May-20 (CTTL, No..J20X02965) Miay-21
Power sensor  NRPEA 1013848 12-May-20 (CTTL, Mo, J20X02065) May-21
ReferenceProbe EX30VE | SN 7307 28-May-20(SPEAG No EX3-7307 _May20) May-21
DAE4 SN 777 08-Jan-21(CT TL-SPEAGNg. £221-G0003) Jan-22
Secondary Standards D # _ Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Fab-21 {CTTL, No.J21X00583) Jan-22
NatworkAnalyzer ESO71C | MY48110673  14-Jan-21 {CTTL, No.J21X00232) Jan-22

MName Function Signature

o e By Zhao Jing SAR Test Engineer %

Reviewed by, Lin Hao SAR Tes! Engineer Tﬁ?%

Approved by: 24 Dianyuan SAR Project Leader m

lsswed: April 19, 2021
This calibration certificate shall not be raproduced except in full without written approval of the laboratory,

Certiffease Mo: Z21=-60106 Page | of &
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Add: Me32 HuaYeanPed Road, Haddiam Disirics, Beijing. 10191, Ching
Tel: +RG-10-62304633-HIT9 Frax: +B0-10-62 30486332504

E=mnil; catbibchinatil oom htipefwruay chinarilcn
Glossary:
TSL tissue simulating liguid
ConvF sensitivity in TSL / NORMx.y.z
NA not applicable or not measuned

Calibration is Performed According to the Following Standards:

a) [EEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Meaasuremen! Techniguas”, Juna 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- Part 1; Device used next to the aar (Frequancy range of 300MHz to
6GHz)", July 2016

¢) [EC 62208-2, “Procadurs to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
3J0MHz to 6GHz)", March 2010

d) KDB865664, SAR Measuramen! Requirements for 100 MHz 1o 6 GHz

Additional Documantation:
g) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

= Amtenna Parametars with TSL. The dipole s mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms onented
parallel to the body axis.

s Feed Foint Impedance and Refurn Loss: These parameters are measurad with the dipole
positionad under the liquid filled phantom. The impedance stated is transformead from the
measurament at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

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

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

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

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

Certificate Mo: Z21-60 108 Page 2 of 6
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Add: Moui2 HunYiesnBei Bood Haldion Distric), Bejing, 100191, Ching

Tel: =Ris-1-63 40463 3- 2071
E-meail; cxiffchinact com

Fiax: +Rb-1 =62 301633 -2 504
hatpeff o chinattl.ci

Measuremeant Conditions
DASY system configuration, as far 35 nol ghvan on page 1
DASY Version DASYSE VE2.10.4
Extrapolation Advancad Exirapolation
Phantom Triple Flat Phantom 5. 10
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution i, oy, dz = 5 mm
Freqgusncy 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calcukations wane apoled,
Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220G 401 1.37 mhodim
easured Head TSL parameters 22002 "C 40.526% 1.3 mhoim £ G %
Head TSL tamperature change during test <{.0°C ——
SAR result with Head TSL
SAR averaged over1 cnr' (1 g) of Head TSL Condition |

§.17 Wikg

SAR measured 250 W input power
SAR for nominal Head TSL parameters normaized o TW
SAR averaged over 10 em’ {10 g} of Head TSL Condition

36.4 Wika £ 18.8 % (k=Z)

SAR measured

250 MmN inpul povedr

4,80 Wikg

EAR for nominal Head TSL paramelers

nermalized to 9W

19,14 Wikg  18.7 % (k=2)

Certifionte Mo Z21-60106

Page 3 of 6
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CALIBRATION LABORATORY

Add: Mo.52 HunYumnBei Read, Haidian Disirics, Befjmg, 100791, Ching
Teel: +Efie 1062 MHIJAETF20TY F HRG-10-62304033-2904
E-mul chlichinaiil.com hetpeftwenscchinanl.en

Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, transformed to feed paint 40,20 15303
Fedurn Loss -351dB

General Antenna Parameters and Design

Elecirical Delay (one direction) | 1423 ns

After long lerm uge with 100W radiated power, only a slight warming of the dipsde near the feedpoint can
be measured.

The dipole is made of standard semingid coaxial cable, The center conductor of the feeding line is direcily
connected fo 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 Inaded
according 1o the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affacted by this change. The overall dipole length is still according to the Standard.

Mo excessive force must be applied fo the dipole arms, because they might band or the solderad
conneciions near the feedpoint may be damaged.

Additional EUT Data

Ianufaciured by SPEAG

Cestificate Mo: Z21-60106 Page 4 of &
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CALIBRATION LABORATORY

Add: Ba. 52 HlumYunnBei Boad, Hasdian District, Beijing, 100191, China
Tel: 6= 0623046332075 Fag: +56-1 0623086332504
E-mail: oitlEichinatil,com higp:twenwichinanlen

DASYS Validation Report for Head TSL Dhate: 04, 14,2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz;: Type: D1750V2; Serial: D1750V2 - SN: 1086
Communication System: 1D 0, CW:; Frequeney: | 750 MHz; Duty Cyele: 1:1
Medium parameters used: £= 1750 MHz; o = 1.39] S/m; & = 40.52; p = 1000 kg/m’
Phantom section: Right Section
DASYS Configuration:

o Probe: EX3DV4 - SNT7307; ConvF(8.64, 8.64, E.64) @ 1750 MHz; Calibrated:
220-05-29

o Sensor-Sorface: 1.dmm (Mechanical Surtace Detection)

» Electronics: DAFE4 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
(T483)

Svstem Performance Check/Zoom Scan (Tx7x7) (Tx7x7)Cube (: Measurement grid:
dx=5mm, dy=5mm, dz=Smm

Reference Value = 96.53 V/m; Power Drift = -0.06 dB

Peak SAR {extrapolated) = 17.3 Wike

SAR(] g) =917 Wikg; SAR(10 g) = 4.8 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR a1 M2 to SAR at M1 =53.2%

Maximum value of SAR (measured) = 14.4 Wik

0dB =144 Wkg =11.58 dBW/kg

Certificate Mo: Z21-60106 Page5of s
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Teel: ~R6-10-6230463 320740 Fax: +86-10-H234433-2504

E-imadl: enlifchisant.oom hittpd e chinmdil,on

Impedance Measurement Plot for Head TSL
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Client UnionTrust Certificate No: Z21-60108

CALIBRATION CERTIFICATE

Object D900V - SN: 509

Calibration Procedurels) FF-211-003-01

Calibration Proceduras for dipole validation kits

Calibration data: April 14, 2021

This calibration Certificate documants the traceability to national standards, which realize the physical units of
measurements(51). The measuremants and the uncerainfies with confidence prabability are given on the following
pages and are part of the cantificate.

All calibrations hawve been conducted in the closad aboradory facility: environment temparature(z2+3C and
humidity=70%

Calibration Eguipment used (METE crilical for calibration)

Primary Standards Iy # Cal Date(Calibrated by, Cetificate No.) Scheduled Calibration
Power Mater NRP2 106276 12-May-20 (CTTL, No. JZ0X0Z2985) May-21
Power senscr MRPEA 101368 12-May-20 (CTTL, No.J20X0D2265) May-21
ReferenceProbe EX3DVE | SN 7307 29-May-20{SPEAG No. EX3-7307_May20) May-21
DAE4 SN 77T 08-Jan-2 1{CTTL-SPEAG No. 22 1-60003) Jan-22
Secondary Blandards D#® Cal Date{Calibrated by, Certificate No.) Schedwed Calibrafion
Signal Generator E4438C | MY42071430 01-Feb-21 (CTTL, Mo, J21X00583) Jan-22
MetworkAnalyzer ESOTIC | MY48110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Mame Function Signaturs

Calibrated by: Zhao Jing SAR Test Enginaer

Reviewsd by: Lin Hao SAR Tes! Engineer ?f,:"F #,

Approved by Chi Dianyuan SAR Project Leader M

Issued: April 19, 2021
This cafibration carlificate shall not be reproduced excapt in full withaut written approval of the [aboratory.

Certificate Mo: £21-60108 Page 1 of &



T7TI. S P e a g
CALBRATION LABORATORY

Add; Mo, 52 HunYemBei Road, Haidinn Distrsct, Beijing, 10089, Chima
Tel: +86- FO-EXE033-2075 Fax; HRA- 1062304635 2504

Eeamanik: cilinfckinasf com hittpaffonwwchinabilon
lossary:
TSl tissue simulating liquid
ConvF sensitivity in TSL / NORMx vz
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: Measureament 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 wirsless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GH2)", July 2016

¢) [EC 82209-2, *Procedure to measure the Specific Absorption Rate (SAR) For wiraless
communication devices used in close proximity to the human body (frequency range of
J0OMHz to 6GHz)", March 2010

d) KDB865664, SAR Measuremeant Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Condifions, Further details are available from the Validation Report at the end
of the certificate. All figures stated in the ceritficate are valid at the frequency indicated.

e« Anfenna Paramefers 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 orented
parallel to the body axis.

s Feed Point Impedance and Return Loss: These parameters are measurad with the dipole
positioned under the liquid filled phantom, The impedance slated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= FElecirical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty requirad.

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

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

s SAR for nominal TSL parameters; The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement iz 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 85%.

Certificate No: F21-60 108 Page 2 of &
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E=mail; citligchinatil.cem hitp:fwwwchineil.cn
Measurement Conditions
DABY system configuralion; as far as not ghvan on page 1
OASY Version Dasy 52 WEZ 10.4
Extrapalation Advancad Exlragolalion
Phantom Triple Flal Phantom 5.1C
Distance Dipole Center - TSL 10 mm wilh Spager
Zoom Scan Resolution i, dy, dz = 5 mm
Fragueasney 1900 MHz + 1 Mz
Head TSL parameters
The following parameters and calculalions were apoded,
Temperature Permiltivity Conductivity
Mominal Head TSL parameters FE0C 0.0 1.40 mboim
Measured Head TSL paramatars (220202 "C 40.0+B % 1 40 mhodm + 6 %
Head TSL temperature change during tesi ={ 0°*C - -

SAR result with Head TSL
SAR averaged over 1 ¢m {1 g) of Head TSL Condition
S8R measurad 250 mi input power £.968 Wikg
SAR for nominal Head TSL paramsiaers o malized to 1W 39.9 Wikg £ 18.8 % (k=2
SAR averaged over 10 cm” (10 g) of Head TSL Condition
SAR measured 260 mW Inpul power 5.05 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20,2 Wikg £ 18,7 % (k=2)

Certificate Mo 223 1-60108 Page 1 of 6
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Appendix (Additional assessments outside the scope of CNAS LO5T0)

Antenna Parameters with Head TSL

Impeedances, ransformed o leed paint 47 .80- 548500
Return Loss - 24 3dB

General Antenna Parameters and Design

Elecirical Delay (one drection) 1.098 ns

After long barm use with 100W radiated powar, cnly a slight warming of the dipole near the feedpoint can
be measured

The dipole i made of standard semingid coaxial cable. The center conductor of the feeding line is directly
conmectad o the secand arm of the dipala. The antenna is therefora short-circurted for DC-signals. On samea
of the dippies, small end caps are added {o the dipole ams in order to improve matching when loaded
aceording 1o the position as expiained in the "Measuremant Conditions” paragraph. The SAR data are nat
affected by this change. The owerall dipoéa length iz siil according to the Standard,

Mo excessiva force must be applied o the dipole arms, because they might bend or the soldered
cannections near the feadpoint may be damaoged.

Additional EUT Data

Manutactured by EPEAG

Certificate Wo; £21-60108 Page 4 of &
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DASYS Validation Report for Head TSL Date: 4. 14.2021
Test Laboratory: CTTL, Beijing. China
DUT: Dipole 1900 MHz: Type: D1900VZ; Serial: D190V - SN: 509
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz: a = 1.396 S/m; £, = 39.95; p= 1000 kg/m”
Phantom section: Center Section
[ASY 5 Configuration:

»  Probe: EXIDV4Y - SN7307; ConvF(8.33, .33, 8,33) @ 1900 MHz; Calibrated:
2020-05-29

»  Sensor-Surface; | 4mm (Mechanical Surface Detection)

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

» Phantom: MFP_V5.1C (20deg probe tilt); Tvpe: QD 000 P51 Cx; Senal: 1062

o Measurement SW: DASYS2, Version 52,10 (4); SEMCAD X Version 14.6.14
(7483)

System Performance Checl/Zoom Sean (7x7x7) (TxTxT)Cube O: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 96,95 Vim; Power Drift = -0.0%9 dB

Peak SAR (extrapolated) = 19.4 Wke

SAR(I g) = 9.96 W/kg: SAR(10 g) = 5.05 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR a1 M2 to SAR at M1 = 51.8%

Maximum value of SAR (measured) = 15.9 Wike

-3.73

-r.af

-11.20

-14.94

-18.67

0 dB =159 Wikg = 12.01 dBW/kg

Certificate Mo: Z21-60108 Page 3afn
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Impedance Measurament Plot for Head TSL
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Add: No.51 Xueyvan Road, Haidian District, Beijing, 100191, China :

Tel: +86-10-82304633-2079 1 Fax: +86-10-62304633-2504 m i CNAS L0570
E-mail: cetlt@chinattl.com hitp/fwww.clinatil.cn

Client Hydsoft Testmg Co., Ltd Certificate No:  219-80320

GALIBRATION CERTIFICATE

OCbject D2450V2 - SN: 883

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

Calibration Procedurss for dipole validation kits

Calibration date: Saptamber 20, 2019

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+43)'C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Cerlificate No.) Schedulad Calibration
Power Meter NRP2 106276 11-Apr-19 {CTTL, No.J18X02605) Apr-2G
Power sensor NRP8A 101369 11-Apr-18 {CTTL, No.J18X02805) Apr-20
Referance Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG No.EX3-3617_Jan19 Jan-20
DAE4 SN 1555 22-Aug-18{CTTL-SPEAG No.Z19-60295) Aug-20

" Secondary Standards ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-19 (CTTL, No.J19X00336) Jan-20
NetworkAnalyzer ESQ71C | MY468110673  24-Jan-18 {CTTL, No.J18X00547) Jan-20

Name Function Signatu:e

Calibrated by: Zhao Jing SAR Test Enginesr '

Reviewed by: Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan - SAR Project Leader

lssued: September 24, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratery.

Certificate No: Z19-60320 Page 1 0f%
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E-mail: citl{@chinattl.com bitpiffwwwchinattl.on
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Callbration 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 Technigues®, 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 o
6GHz)Y", 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

Addltional Documentation:
¢) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measurement Conditions: Fusther dedails are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e 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 aims oriented
parallel to the body axis.

s 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.

o Eloctrical Delay: One-way delay between the SMA connectlor and the antenna feed point.
No uncertainty required.

s SAR measured: SAR measured at the stated antenna input power.

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

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

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

Certificate No: Z19-60320 Page2ofg
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Tel: +86-10-62304633-2079 Fax: +56-10-623046332504
E-mail: cttl{@chinatth.com http:/fwwewchinattl.en

Measurement Conditions
DASY system configuratlon, as far as not given on page 1.

DASY Version DASYS2 ¥52.10.2
Exirapolation Advanced Extrapolation
Phantom Triple Flat Phanlom 5.1C
Distance Dipole Cenfer - TSL 10 min wilh Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and caleulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mhofm
Measured Head TSL parametors (220102 °C 389:6% 1.78 mho/m £ 6 %
Head TSL temperature change during fest <{.0°C - —
SAR result with Head TSL
SAR averaged overd ¢ (1 g) of Head TSL Caondition

SAR measured 2560 mW input power

13.1 Wikg

SAR for nominal Head TSE paramsters normalizad to 1W

52.6 Wiky £ 18.8 % {k=2)

SAR averaged over 10 em’ (10 g) of Head TSL Condition

SAR measured 250 mW input power

6.02 Wikg

SAR far nominal Head TSL parameters normelized lo 1W

24.1 Wikg  18.7 % (k=2)

Body TSL parameters
The following parameters and caleulations were applied,
Temperature Permittivity Conductlvity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+£02) °C B3.0+6% 1.88 mho/m + 8 %
Bady TSL temparature change during test <1.0°C — -
SAR resuit with Body TSL
SAR averaged overd cm® (1 g} of Body TSL Conditlon
SAR measured 250 m\ input power 12.9 Wikg

SAR for nominal Body TSL paramalers normalized to 1W

51.3 Wikg £ 18.8 % (k=2)

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

SAR measued 250 mW input power

5.92 Whkg

SAR for nominal Body TSL paramelers normalized to 1W

23.6 Wikg % 18.7 % [k=2)

Cerlificate No: Z219-60320 Page 3of 8
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Appendix {Addifional assessments outside the scope of CNAS [.0570)

Antennha Parameters with Head TSL

Impedance, transformed te feed point 52.60- 1.56 j(
Return Loss -30.7dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 5140+ 1.16]jQ

Retum Loss - 35.0d8

General Antenna Parameters and Design

Elgctrical Delay {one direction) 1.020 ns

After long term use with 100W radiated power, oniy a slight warming of the dipole near the feedpoint can
he measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line Is diractty
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 anms Iin order te improve matching when loaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The overall dipole length is stil according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Certificate Mo: Z19-60320 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 09.20.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 883
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: £=2450 MHz; o = 1.782 S/m; &, = 38.94; p = 1000 kg/m3
Phantom section: Right Section
DASY?35 Configuration:

¢ Probe: EX3DV4 - SN3617; ConvF(7.62, 7.62, 7.62) @ 2450 MHz; Calibrated:
1/31/2019

» Sensor-Surface: 1.4mn: (Mechanical Surface Detection)

o Electronics: DAE4 Sn1555; Calibrated: 8/22/2019

o Phantom: MFP_V53.1C ; Type: QD 000 P51CA; Serial: 1062

¢ Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7470)

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

Reference Value == 105.6 V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) =27.8 W/kg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.02 Wikg

Maximum value of SAR {measured) =22.1 W/kg

dB

-6.97

-13.46

-17.94

o 09 A3

0 dB = 22.1 W/kg = 13.44 dBW/kg

Certificate No: 219-60320 Pagesof &
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impedance Measurement Plot for Head TSL

Trl s11 iog Mag 10.00dB/ Ref 0.00008 [F1]

50.00 ¥ AeER000 GRE 30,712 05
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2. 00
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—40. 00

=50.00 &
bifE s11 smith (Re+ix) Scale 1.0000 {F1 pel]

»1 2,4500000 GHz 52,551 @ -3.5568 0 41,72

Certificate No: Z19-60320 Page 6 of 8
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DASYS Validation Report for Body TSL Date: 09.20.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 883

Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1

Medium parameters used: £ = 2450 MHz; ¢ = 1,975 S/m; g, = 52.98; p = 1000 kg/m3

Phantom seciion: Center Section
DASYS5 Configuration;

» Probe: EX3DV4 - SN3617; ConvF(7.79, 7.79, 7.79) @ 2450 MHz; Calibrated:
1/31/2019

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

« Electronics: DAEA 8n1555; Calibrated: 8/22/2019

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

e Measurement SW: DASY52, Version 52.10 (2), SEMCAD X Version 14.6,12
(7470)

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

Reference Value = 101.4 V/m; Power Drift = -0.06 dB

Pcak SAR (extrapolated) = 27.6 Wikg

SAR(1 g) = 12.% W/kg; SAR(10 g) =5.92 Wikg

Maximum value of SAR (measured) =21.9 W/kg

dB
D

-4.53

~9.06

-13.58

-16.11

-22.64

0 dB = 21.9 W/kg = 13.40 dBW/kg

Certificate No: Z19-60320 Page 7 of 8
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Impedance Measurement Plot for Body TSL

Fri sii Log #ag 19, 006ds/ ref 0.000d8 [F1)
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E-mail: cetl@chinatti com httpfwwwchinattl.en
Client Hydsoﬁ: Testmg Co., Ltd Cortificate No:  219-60321

CALIBRATION CERTIFICATE

Object D2800V2 - SN: 1082

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

Callbration Procedures for dipole validation kits

Calibration date: September 20, 2019

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 cerlificate.

All calibrations have been conducted in the closed laboratory facilify: environment temperature(22:3)'¢ and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cat Date(Calibrated by, Certificate Ne.) Scheduted Calibration
Power Meter NRP2 106276 11-Apr-19 (CTTL, No.J19X02608) Apr20
Power sensor NRPSA 101369 11-Apr-19 (CTTL, No.J19X02605) Apr20
Reference Probe EX3DV4 | SN 3817 31-Jan-19(SPEAG,No.EX3-3617_Jan19) Jan-20
CAE4 SN 1555 22-Aug-19{CTTL-SPEAG,Ne.Z19-60298) Aug-20
Secondary Standards ID# Cal Date(Calibrated by, Cerlificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J18X00338) Jan-20
Network Analyzer ES071C | MY46110673  24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function Signature
. . ' I AR
Calibrated by: Zhao Jing SAR Test Engineer > % e
Reviewed by: Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

Issued: Septamber 24, 2019
This calibration certificate shall not be reproduced except in full without wrilten approvat of the labaratory.

Centificate No: Z19-60321 Page t of 8




Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
‘Fol: +B6-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: ettl@chioattl.com http:/Awwnv.chinattl.en
Glossary:
TSL tissue simulating liguid
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, "[EEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigques®, June 2013

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

¢} IEC 82209-2, “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 8 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

e 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 aims oriented
parallel to the body axis.

s Feed Point Impedance and Refum 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 uncerfainty required.

s Efscirical Dslay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

s SAR measured: SAR measured at the stated antenna inpuf power.

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

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

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

Certificate No: Z19-60321 Page20f8
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Measurement Conditions

Tam: +36-10-62304633-2504
hup:/fwwiw.chinaill co

DASY sysiem configuralion, as far as not given on page 9.

DASY Version

DASY52

V52.10.2

Extrapolation

Advanced Extrapolation

Phantom

Ttiple Flat Phantom 5.1C

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 foltowing parameters and calculations were applied.

Temperature Permittivity Gonductivity
Nominal Head TSL parameters 22.0°C 390 1.95 mho/m
Measured Head TSL parameters (2201 0.2)°C 3BHL6% 1.93 mhofm +6 %
Head TSL temperature change during test <1.0°C - sann
SAR resuilt with Head TSL
SAR averaged overi ¢m’ {1 ¢) of Head TSL Condition

SAR measured

250 mW input power

13.2 Wrkg

SAR for nominal Head TSL paramelers

normalized 1o 1W

55.9 Wikg + 18.8 % (k=2)

SAR averaged over 10 ¢t

{10 g) of Head TSL

Condilion

SAR measured

250 mW input power

6.18 Wikg

SAR for nominat Head TSL parameters

normalized to 1W

24.8 Wikg % 18.7 % (k=2)

Body TSL parameters
The folowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.5 2.16 mhofm
Measured Body TSL. parameters (2201 02)°C 5316 % 219 mho/m £6 %
Body TSL temperature change during fest <1.0°C -- -
SAR result with Body TSL
SAR averaged over { cnt® (1 g} of Body TSL Condition
SAR measured 250 mW input power 13.9 Wikg

SAR for nominal Body TSL paramsiers

normalized o 1W

65.4 Wikg * 18.8 % {k=2)

SAR averaged over 10 e’

{10 1) of Body TSL

Condition

SAR measured

250 mW input power

6.11 Wikg

SAR for nominal Body TSL parameters

normallzed to 1W

24.4 Wikg + 18.7 % (k=2)

Certificate No: Z19-6G321

Page3ofg
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Irpedance, lransformed to feed point 53.30- 595100
Retumn Loss - 24.4dB

Antenna Parameters with Body TSL

Impedance, fransformed 1o feed point 49,501 4,390

Retuin Loss -27.1dB

General Antenna Parameters and Deslgn

Electrical Delay (one direction) 1.016 ns

After fong term use with 100W radiated power, only a slight warming of lhe 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 DG-signals. On some
of the dipoles, small end caps are added to the dipcle arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are nol
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

Manufaciured by SPEAG

Certificate No: Z19-60321 Page 4 of 8
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DASYS Valdation Report for Head TS1. Date: 09.20.201%
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1082
Communication System: UID 0, CW,; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; 0 = 1.925 S/m; & =38.63; p = 1009 kg/m?3
Phantom section: Center Section
DASYS5 Configuration:

o Probe: EX3DV4 - SN3617; ConvF(7.19, 7.19, 7.19) @ 2600 MHz; Calibrated:
1/31/2019

+ Sensor-Surface: 1 Amm (Mechanical Surface Detection)

» Blectronics: DAE4 Sn1555; Calibrated: 8/22/2019

» Phantom: MFP_V35.1C ; Type: QD 000 PSICA; Serial: 1062

» Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7470)

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

Reference Value = 107.1 V/m; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 30.1 W/kg

SAR(1 g) = 13.9 Wikg; SAR(10 g) = 6.18 W/kg

Maximum value of SAR (measured) = 24.1 Wikg

dB

0 dB =24.1 W/kg = 13.82 dBW/kg

Certificate No: Z19-60321 Page 508
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Impedance Measurement Piot for Head TSL.

Tri 511 Log Mag 10.00d8/ Ref 0.000d8 [F1]
50.00 7 7.5000000 Griz —24. 446 05

40,00
30.00
20,00
10,00
0. 600 M ' 4
10,60 ]
-2G. 400
-30.00

-4, 00

=50, 00 -
snith (R+ix) Scale 1.0000 [Fi pel]

>l Z,6000000 GHz 51.256 0 -5.9483 0 10,2 p/\

37%&&%233}&§?;;?399-ﬁVfoﬁﬁv”JQTP&z-n-.-T.__ “Faﬁiiob}kiff :..f_“'
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DASYS Validation Report for Body TSL Date: 09.20.2019

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1082
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f=2600 MHz; ¢ = 2.187 8/m; & = 53.05; p= 1000 kg/m3
Phantom section: Right Section

DASYS5 Configuration:

o Probe: EX3DV4 - SN3617; ConvF(7.49, 7.49, 7.49) @ 2600 MHz; Calibrated:
1/31/2019

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

o Electronics: DAE4 Snl1555; Calibrated: 8/22/2019

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

» Measurement SW: DASY 52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7470)

Dipole Calibration/Zoom Scan (7x7x7) (7x7%7)/Cube 0: Measurement grid: dx=5mm,
dy=5min, dz=5Smm

Reference Value = 98.06 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 30.8 W/kg

SAR(I g) = 13.9 W/kg; SAR(10 g) = 6.11 Wikg

Maximum value of SAR {measured) = 24.2 Wrkg

0 dB = 24.2 Wikg = 13.84 dBW/kg

Certificate No: Z19-60321 Page 7of 8
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Impedance WMeasurement Plot for Body TSL

TrL 5it Log Hag 10.00d8/ Ret 0.00008 [r1]
5698 3 37EGR0000 GHz —37.073 0B,

40,00
30,00
20.00
10.00
0. 000} : : 4
-10.00 : : |

20,00 ‘ 1
~20,00
-40, 00

-50.00 -
B 51l smith (Re3x) scale 1.0000 [F1 ped)

»1  2.6000000 GHz 49.52% @ -4.38%2 0 13.93
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Client Intertek Certificate No: Z18-80305
CALIBRATION CERTIFICATE
Object DEGHzV2 - SN: 1218

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

Calibration Procedures for dipole validation kits

Calibration date: August 31, 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 probabiity are given on the following
pages and are part of the certificate.

All calibrations hawve been conducted in the closed laboratory facility: smironment temperature{2zs31T and
humidity<Fi%s,

Calibration Equiprment used (MA&TE critical for calibration)

Primary Standards o # Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Mater MREP2 102083 01-Nov-17 (CTTL, No.J17X08758) Det-18
Povwer sensor MRP-Z91 | 100842 01-Now-17 (CTTL, Mo.J17X08758) Owt-18
ReferenceProbe EX30W4 | SN 7464 12-5ep-17(SPEAG No EX3-7484_SepiT) Sep-18
DAE4 SN 1524 13-5ep-17(SPEAG No DAE4-1524_Sep17) Sep-18
Secondary Standands & Cal Date{Calibrated by, Eu_n[l_lﬂnaia Me.) Scheduled Calibratiaon
Slgnal Generator E4438C | MY48071430 23-Jan-18 (CTTL, Mo TEX0IEE0) Jan-19
NetworkAnalyzerESOTIC | MYJE110673  24-Jan-18 (CTTL, No.J18X00581) Jan-19

Mame Function Signature

Calibrated by: Zhao Jing SAR Test Englneer

Reviewed y: Lin Hao SAR Test Englnear 'Eﬁ%‘?%
Aporoved by: Qi Diznyuan SAR Project Leader 5?%2‘3@5_,/

lssued: September 3, 2018
This calibration certficate shall not be reproduced except in full without written approval of the laboratory.

Certificate Mo: Z18-6010%5 Page | of 14
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx, y.2
MNFA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fislds from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 20186

c) IEC 6220%-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:
&) 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 certificata. All figures stated in the certificate are valid at the frequency indicated.

» Antenna Parameters with T5L: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom. The impedance stated s transformed 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 conneclor and the antenna feed point.
Mo uncertainty required.

o SAR measured: SAR measured at the stated antenna input power.

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

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

Cartificate Ma: Z18-60305 Fage 2 of 14
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Measurement Conditions

CASY system configuralion, as far as not given on page 1.

DASY Varsion DASYEZ 52.10.1.1476

Extrapodation Advanced Extrapodation

Pharitom Trigde Flat Phantom 5.1C

Digtance Dipole Canter - TSL 10 mim with Spacar

Zoom Scan Resolution dx, dy =4 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz + 1 MHz

Fraguency G300 MHz £ 1 MHz
5800 MHz £ 1 MHz

Head TSL parameters at 5200 MHz
T[_i:ﬂ-__fl*)_‘li[l‘_lg paramelers and calculakons were apphed.

Temperature Parmittivity Conductivity
Kominal Head TSL parameters 2.0 6.0 4 65 rmiadm
Measured Head TSL parameters (220202 6.0 +8 % 4 80 mhoim £ 6 %
Head TSL temperature change during test <10'C p

SAR result with Head TSL at 5200 MHz

SAR averaged over 1 o {1 g of Head TSL _ Condition

SAR measured 100 mW inpul power TEImW g

SAR for nominal Head TSL paramelers normalizad ta 1 76.2 mW ig + 24.4 % {k=2)
SAR averaged over 10 ¢ty (10 g) of Head TSL Condition

SAR measured T00 mW input poer 220 MW ig

SAR for nominal Head TSL paramaters normalized b 1W 22.0 mW Ig £ 24.2 % [k=32)

Certifscate Mo Z18-60305 Page 3 of 14
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Head TSL paramaters at 5300 MHz

The following paramaters and calcubsions wians applied.

Temperature Permittivity Conductivity
MNominal Head TSL parameters 22.0G 59 4_T& i
Measurad Head TS5L parameaters (220102 C ABE+B% 4. 940 mha'm £ 6 %
Head TSL temperature change during test 210 e .
SAR result with Head TSL at 5300 MHz
SAR avoraged over 1 ¢’ (1 g) of Head TSL Conditisn 1l
BAR maasured 100 W inpul power s mW g

EAR for neminal Head TEL parameters

nofmalized 1o 1%

T8.6 mW fg £ 24.4 % (k=2)

SAR averaged over 10 o (10 o) of Head TSL

Candition

SAR measurad 228 mWig
SAR for nominal Head TSL parameters | normalzedto fW | 22.8 mW g £ 24.2 % (k=2)
Head TS5L parameters at 5800 MHz
Tha following parametars and calculafions were applied.
Temperatira Permittivity Conductivity
Maminal Hoad TSL paramaters :_IE-E TE 36,3 527 mho'm
Measured Head TSL parametors (220202 °C 48+£6% 5.42 mhoim £ 5 %
Head TSL temparature chamn;l.l'ing tant <1.0 %C -
SAR result with Head TSL at 5800 MHz
SAR averaged over1 o (1 g} of Head TSL Condition
SAR mesasured 100 mW input power TramM g
SAR for nominal Head TSL parametars naemalizad 1o TW TT.5 mW ig + 24.4 % (k=2)
SAR averaged over 10 cin” {10 g} of Head TSL Condition
SAR measured 100 mW inpul poveer 223 mW /g
:‘:AH for nominal Head TSL parameters normalized fo 1W 22.2 mW g £ 24.2 % (k=2)

Certiftcate Me: Z£18-60305 fa
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Body TSL parameters at 5200 MHz
The following paremeters end calculations were applied

Temperature Permittvity Conductivity
Nomninal Body TSL parameters 22.0°C 43.0 5..30 mhavm
Measured Body TSL paramaters 220+0.3) °C d8.4 + 8 % 535 mhaim 28 %
Body TSI: temparature change durling test ={.0*C [ ——

SAR result with Body TSL at 5200 MHz

SAR avaraged over 1 em' {1 g) of Body TSL Candition
EAR maas.u;ad 100 mW input powar TAE mW i g
ZAR for nominal Body TSL paramatars normallized o 1 T1.3 mW ig £ 24.4 % (k=2)
SAR averaged ovar 10 cm’ (10 g} of Body TSL Condition
SAR measurad 100 W Enpal poswer 205mN g ]
B4R for nominal Body TSL paramaters normalized to 1W 20.6 mW /g £ 24.2 % [k=2)
Body TSL parameters at 5300 MHz
The fallowing parameters and caloulations were applied.
Tamperatura Parmittivity Conductivity
Mominal Body TSL parameters 2204 489 5.42 mho/m
Tn'lauured Body TSL parameters (22020.2°C 431 16% 547 mifionm + 5 %
| Body TSL temperature change during test <1,0 "0 =

SAR result with Body TSL at 5300 MHz

SAR averaged owver 1 r..rﬂ'1 i1 g) of Body TSL Condition

SAR measured 100 vy input powear T3amiig

SAR Tor nominal Body TSL parametars . normalizad fo 1 T3.7 mW fg £ 24.4 % (k=12)
SAR averaged over 10 cm® (10 g) of Body TSL Condition

5AR measurad 100 miW nput powear 212 mWig

SAR for nominal Body T3L paramebers nurmariz;zd ba W 21.1 mW /g £ 24.2 % [k=2)

Certiffeats Mo Z18-60305 Page 5 of 14
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Body TSL parameters at 5800 MHz
The following parameters and calculalions were applied,

Tempearatures Permittivity Conduetivity
Naminal Body TSL paramaters 20 4802 6.00 mhoim
Measured Body TSL parameters (220102} °C 471 £6% 6.17 mholfm £6 %
Body TSL temperature change during test S Fin £
SAR result with Body TSL at 5800 MHz -

SAR averaged over 1 ¢’ (1 @) of Body TSL Gondlition
SAR mEasurad 100 mW input power 78w | g
SAR for nominad Body TSL parametess narmalized o 10 Tad3 W g £ 24.4 % [k=2)

| SAR averaged over 10 cm (10 g) of Body TSL Caondition
SAR rrrEﬂaurﬁ;- 100 mW input powsr 2:1 T g
SAR for ngeminal Body TSL paramaders normalizad fo 1W 29.0 mW Ig = 24,2 % [k=2)

Certificate No: Z18-60305 Page 6 of 14
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Appendix {Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5200 MHz

F Impadance, transformed 1o leed point 5360-6.4870

[ Fatum Loss - 22 fdB

Antenna Parameters with Head TSL at 5300 MHz

Imipedanca, fransformad to feed point GO+ 1.23j0

Fiaturn Loss - 35.7d8

Antenna Parameters with Head TSL at 5800 MHz

impedance, transformed to faed point 5500 +B 610

=P ety Ly WL e

Refurn Loss -221d3

Antenna Parameters with Body TSL at 5200 MHz

Impedance, ranstormed jo fead poind £3.10-5.07G

Raiurn Loss - 24948

Antenna Parameters with Body TSL at 5300 MHz

Impecdance, transformed 1o feed point 48.90 = 3.26500

Retum Loss - M1 2d8

Antenna Paramaeters with Body TSL at 5800 MHz

Impedance, transformed to feed point 55.570 + B THO

Retum Loss - 20 1dB

Certificate Mo: 218-60305 Poge 7of 14
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.081 ns _J

After long term use with T00W radizsted power, only a slight warming of the dipale near tha feaedpeint can
be measured.

The dipole i 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
af the dipales, small end caps are added fo the dipole arms in order to improve matching when loaded
according 1o the position as axplained in the "Measuremant Conditions" paragraph. The SAR data are not
affected by this change. The overall dipole length iz still according 1o the Standard.

Mo excassive force must be appliad to the dipole arms, because they might bend or the soldered
connections near the feedpaint may be damaged.

Additional EUT Data

Manutaciured by SPEAG

Cartificate Moz 21 8-60305 Page 8 of 14
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DASYS Validation Report for Head TSL Crate: 08.29,2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: DSGHzV2; Serial; D5GHzV2 - SN: 1218
Communication System: CW, Frequency: 5200 MHz, Frequency: 5300 MHz,
Frequency: 5800 MHz,
Medium parameters used: f = 5200 MHz; o = 4.796 S/m; er = 36.02; p = 1000
kg/m3, Medium parameters used: f = 5300 MHz, o = 4802 Sim; er = 35,79, p =
1000 kg/m3, Medium parameters used: f = 5800 MHz, 0 = 5.424 S/m; er=34.79 p
= 1000 kg/m3,
Phantom section: Center Section
DASYS Configuration:
*  Probe: EX3DW4 - SNT464; ConvF(5.82, 5.82, 5.82) @ 5200 MHz; Calibrated:

97122017, ConvF(5.53, 5.53, 5.53) @ 5300 MHz; Calibrated: 9/12/2017,
ConvF(3.11, 511, 5.11) @ 5800 MHz; Calibrated: 8/12/2017,
sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1524; Calibrated: 9/13/2017

Phantom: MFP_V5.1C | Type: QD 000 P51CA; Serlal: 1062

Measurement SW: DASYS2Z, Version 52.10 (1); SEMCAD X Version 14.6.11

(7439)

- L] - -

Dipole Calibration /Pin=100mW, d=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (BxBx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 57.36 \Vm; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 31.5 Wikg

SAR(1 g) = 7.61 Wikg; SAR({10 g) = 2.2 Wikg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8xB8x7)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=1.4mm
Refarence Value = 59 58 Vim; Power Drift = 0.03 dB

FPeak SAR (extrapolated) = 33.9 Wikg

SAR(1 g) = 7.86 Wikg; SAR(10 g) = 2.28 Wikg

Maximum value of SAR (measured) = 19.0 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (Bx8xT7)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 57.44 Vim; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 36.9 Wikg

SAR(1 g) = 7.76 Wikg; SAR(10 g) = 2.23 Wikg

Maximum value of SAR {measured) = 18.2 Wka

Certificate Mo: Z18-60305 Page 4of 14
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dB
0

<10.00
-20.00
-30.00

L.
0dBE=198.2 Wikg = 12.83 dBW/kg

“50.00
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Impedance Measurement Plot for Head TSL

Trl 511 Log Mag 30, 00087 Rer 0, oooas [#1]

Certificate Mo: Z18-60305 Paige 11 of 14
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DASYS Validation Report for Body TSL Dale: 08.27.2018
Test Laboratery: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - SN: 1218

Communication System: CW, Frequency: 5200 MHz, Frequency: 5300 MHz,

Frequency: 5800 MHz,

Medium parameters used: f = 5200 MHz;, o = 5351 5/m; er = 48.41; p = 1000

ka/m3, Medium parameters used: f = 5300 MHz, o = 5466 Sim; er = 48,14, p =

1000 kg/m3, Medium parameters usad: f = 5800 MHz; o =6.174 5/m; er=47.05, p

= 1000 kg/m3,

Fhantom section: Right Saction

DASYS Configuration:

*  Probe: EX3DV4 - SNT464, ConvF(5.39, 5.39, 5.38) @ 5200 MHz; Calibrated:
9122017, ConvF(5.19, 5,19, 5.18) @ 5300 MHz; Calibrated: 9/12/2017,
ConvF(4 67, 467, 4.67) @ 5800 MHz; Calibrated: 91272017,

= Sansor-Surface; 1.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn1524; Calibrated: 813/2017

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

* NMeasurement SVW. DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Dipele Calibration /Pin=100mW, d=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (Bx8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 51.03 \Vfm; Powear Drift = 0.03 dB

Peak SAR (extrapolated) = 29.4 Wika

SAR(1 g) = 7.15 Wikg; SAR(10 g} = 2.05 Wikg

Maximum value of SAR {measured) = 16.7 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (Bx8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 47 .88 Vim; Power Drift = 0.06 dB

Peak SAR (extrapolaled) = 31.6 Wikg

SAR(1 g) = 7.39 Wikg; SAR({10 g) =2.12 Wikg

Maximurm value of SAR (measured) = 17.5 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (BxBxT)/Cube 0: Measuremeant grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 47.44 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.4 Wikg

SAR(1 g) = 7.46 W/kg; SAR(10 g) = 2.11 Wikg

Maximum value of SAR (measured) = 18.7 Wikg

Certificate Mo: Z18-60305 Page 12 0of 14
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