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Calibration date March 20, 2017

mmmmmmuwmmmm which realize the physical units of
mgasursments{ S m-mummmmmmm are gevan on the following
pages and are part of the certificate

All calibrations have been conducted in the closed laboratory facikty environment temperatura2e% T and
humidity<70%

Calibraton Equipment used (MATE critical for cabbration)

Frimary Standards D # Cal Date{Callbrated by, Certificate No.)  Scheduled Caltbration |
Powsr Meter NRPZ 101818 27-Jun-16 (CTTL, No J16X04771) Jun1T
Power sensor NRP-Z81 | 101547 27-Jun-18 (CTTL, No.J18X04771) Jure1T
Reference Probe EXI0V4 | SN 3817 23-Jan-17{SPEAG NG EX3-3817_Jan1T) Jan-18
DAE4 SN 77T 22-Aug-16(CTTL-SPEAG No 216-07138) Aug-17
Standards ID # Cal Dste(Caiibrated by, Cenificata No.)  Scheduled Cailbration
Signal Generator E4438C | MY48071430  13-Jan-17 (CTTL, No.J17%00286) Jan-18
Metwork Analyzer ES0TIC | MYa48410873 13-Jan-17 [CTTL, No J1TXD0285) Jan-18
Mame Signalure
Ry Zhao Jing ﬂ_}
2017

Issusd: March
mmmmmwummmhmnmwmmumw
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y.z
N/&, not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure lo measure the Specific Absorption Rate (SAR) For hand-held

devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

0MHz to 6GHz)", March 2010
d) KDBB65664, SAR Measurement Requirements for 100 MHz 1o 8 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Mathods Applied and Interpretation of Parametars:

« Maasurement Conditions: Further detalls are available from the Validation Report &t the end
of the certificate. All figures staled in the certificate are valid at the frequency indicated.

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

s Feed Foint Impedance and Relum 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.

» Electrical Deiay: One-way delay between the SMA connector and the antenna feed point.
Neo uncertainty required.

o SAR measured: SAR measured al the stated antenna Input power.

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

» SAR for nominal TSL parametsrs: 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 faclor k=2, which for a nomal distribution
Comesponds to a coverage probability of approximately 85%.

Cernificate No: £17-97037 Page > of
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Measurement Conditions
DASY system configuration, as far &s not given on page 1
DABY Version DASYSZ 52 5.8 1258
Extrapolation Advanced Extrapolation
Phantom Tripla Flat Phandom 5 1C
Distance Dipole Centor - TSL 15 mm wilh Spncer
Zoom Scan Resolution . dy, dr= 5 mm
Frequency 750 MHz £ 1 MHz
Head TSL parameters
Tha foliowing parameters and calculabons wiy Bppied
Tompearaturs Permittivity Conductivity
HﬂdﬂllHﬂdTﬂ.m 2o c 41.9 i B8 i
Measured Head TSL parametors 20207 C 414 1 8% 08t mhaim s 6% |
Head TSL temporature change during test <1.0°C - —
SAR result with Head TSL
| BAR averaged over 1 cm’ {1 g) of Head TSL Condition
SAR measured 250 mW imput power 213mWig
SAR for nominal Head TSL parsmeters normakzed io 1W | 8.37 mW /g £ 20.8 % (k=2 |
SAR averaged over 10 ' (10 g) of Head TSL Conaition |
SAR maasured 250 i Inpul poenr 14T mW i g
EAR for nominal Head TSL paramelsis normalizad 1o 14 6.56 mW g & 204 % (k=2)
Body TSL parameters
mm;ﬂmﬂmmw.
Temporature Pormittivity Canductivity
Nominal Body TSL parameters 200 55.5 0.86 mhaim
Measured Body TSL paramatens 2i0z0n°C EEZ2xl% 0.85 mho'm 26 %
Body TSL temperature change during test =1.0°C Jce -
SAR result with Body TSL
SAR averaged over 1 cm' {1 g) of Body TSL Congdition
SAR measured 253 MWW Input powe 21T mW i g
SAR for nominal Body TSL pammelars normalizad to 18 B.73 W Ig £ 20.8 % (k=)
SAR averaged aver 10 cm (10 g) of Body TSL Condition
GAR measured 250 miW gt power .46 mW i g
SAR for nominpd Body TSL paramelers normalized 1o 1w 5.57T mW /g £ 20.4 % [k=2)

Certificate No: Z17-07037
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Appendix {Additional assessments outside the scope of CNAS LOS70)
Antenna Parameters with Head TSL

. Impodance. reaformed (o fesd paint 51.00- 3.150
Refurn Loas = 28.7dB
Antenna Parameters with Body TSL
Impedance, ransforrmed o feed paint 48.70- 2.50002
Return Lows - 22008
General Antenna Parameters and Dasign
Electricai Detary (one direction) i 1115 ne

Ahaflmnmuwmﬂa1mm5mum.mtuﬂlghlmnﬂhqnfmumnmhmm
be measurad.

mmummmmmﬁm.mMmmmmmhﬁmwumy
connected 1o the secand am of the dipole The antenna is therefore short-circulted for DC-signais On some
ﬂhm.mwﬂmmmumiﬂpﬂamhmmwmmwmm
lmdjngtaﬂwpnﬁﬁnnuup{imulnmn'ﬂmumlmﬂﬁnm'w The SAR data are not
affacted by this changs The overall dipale length is still according to the Standard.
H&mﬂulﬂﬁmm{hmﬂﬂhhdlmummmmmhmmmm
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG !

Certificnde No: Z17-97037 Page 4 of
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DASYS Validation Report for Head TSI Date: 03,20.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 750 MHz; Type: D750V3: Serial: D750V - §N- 1087
Communication System: UID 0, CW- Frequency: 750 MHz; Duty Cyele: 1:]
Medium parmmeters used: F= 750 MHs: a =0 P08 S/m: e, = 41.38; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/TEC/ANS] 063192007

DASYS Configuration:

* Probe: EX3DV4 - SN3617; ConvF(10.05, 10,05, 10.05 b Calibrated: |/ 2372017

* Sensor-Surface: 1. 4mm {Mechanical Surface Detection)

» Electronics: DAES Sn777: Calibrated: 8/22/2016

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: xxxx

»  Measurement SW: DASYS2, Version 52.8 (5); SEMCAD X Version 14.6.10
{7372}

Dipole Calibration/Zoom Scan (Tx7x7) (TxTxTWCube 0 Meusuremeni grid: dx=3mm,
dy=5Smm, de=5mm

Reference Value = 52.61 Vim; Power Drift =-0.02 dB
Peak SAR (extrapolated) = 3.22 Wikg

SAR(] g} = 2.13 Wikg: SARI(10 g) = 1.41 Wikg
Maximum value of SAR (measured) = 2.84 W kg

-5.98

-7.98

9.97

0 dB = 2.84 Wikg = 4.53 dBW/kg

Certiflcate No: Z17-07037 Page § of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Crate; 03.20.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz: Type: DTSOV3I; Serial: D750V3 - SN: 1087
Communication System: UID 0, CW: Frequency: 750 Mz Duty Cyele: 1:1
Medium parameters used: = 750 MHz: o = 0,952 Sim; &= 55.23; p= 1000 kg/m'
Phantom section: Center Section
Mensurement Standard: DASY 5 (IEEE/IEC/ANS] C63.19-2007)
DASYS Configuration;

* Probe: EX3DV4 - SN31617; ConvFi9.8 9.5, 9.8); Calibrated: 1232017

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

* Electronics: DAE4 Sn777; Calibrated: 872272016

*  Phantom: Triple Flat Phamom 5.1C: Type: QD 000 P51 CA: Serial: xoox

»  Measurement SW: DASYS2. Version 528 (8); SEMCAD X Version 14.6.10
(7T372)

Dipole Calibration/Zoom Scan (7x7x7) (73727} Cabe : Measurement grid: dx=5mm,
dy=3mm, de=5mm

Reference Value = 54,49 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3,18 Wikg

SAR( g)=2.17 Wikg; SAR(10 g) = 1.46 Wikg

Maximum value of SAR (messured) = 2.85 W kg

-1.81

-3.83

5.74

-7.66

L

457

0dB =285 Wikg = 4.55 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Sporton_XA

Obyect DB35V2 - SN 4d151
Calibration Proced
e FoZnomsOr
mmnmmm

Al calibrations have been conducted W the closed laboratory faciMty. environmient temperatureizzey ™ and
humidity<70%.

Calieration Equipment used (MATE crilical for calitration)

Primary Standards iD# Cal Date|(Caiibrated by, Certificate No,) Scheduled Calibraton
Fower Meter NRPZ 101918 2T-Jur-16 (CTTL, No. NBX04777)

Jum-1T
Power sensor NRP-281 101547 £T-Jun-18 (CTTL, No. J18X04777) Jun-17
Reference Probe EX30V4 | SN 3817 23-Jan-1T{SPEAG No EK}M'!?_.II‘I‘I T Jan-18
DAE4 SNTIT 22-Aug-1B(CTTL-SPEAG No.Z18-87138) Aug-17
Secondary Standards o f | Cal Date{ Calibrated by, Certificate No ) Scheduled Calibration
Signal Genergior E4438C | MY49071430  13-Jan-17 (CTTL, Mo, J1TX00288] Jan-18
Network Analyzer ES071C | MY48110873 13-Jan-17 [CTTL, No.JA7TX00285) Jan-18
Mame Function Signature

Certificale No: 217-97038 Page | of 8
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Glossary:
TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx,y.z
NA nat applicable or not measurad

Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from less
Communications Devices: Measurement Techniques®, June 2013 ot
b) IEC 62209-1, “Procadure to measure the Specific Absorption Rate (SAR) For hand-hald

ganim?n used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February

c) IEC 62209-2, “Procedure 1o measure the Spacific Absorption Rate (SAR) For wireiess
communication devices used in closa proximity to the human bod uency range of
30MHz to BGHz)", March 2010 iy "

d) KDBB65664, SAR Measuremeant Requirements for 100 MHz to & GHz

Additional Documentation:
&) DASY4/5 System Handbook

Applied and Interpretation of FParameters:

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

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

» Fead Point Impedance and Return Loss: These parameters are measuned 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 Retum Loss ensures low
refiected power No uncerainty required.

* Electrical Delay: One-way defay between the SMA connector and the antenna fead paint,
No uncertainty required.

* SAR messured SAR measured al the stated antenna Input power.

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

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

The reponted uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Cormesponds 1o a coverage probability of approximately 85%.

Certificate No: 21797038 Page 2of 1
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Measurement Conditions
RS Eystem configuration, as far as not given on page 1.
DASY Version DASYSS 82881258 ]
_ Extrapalation Advanced Extrapciation
Phantom Triple Fiat Phantom 5.1¢
Distance Dipate Canter - TSL 15 mm with Spacer
Zoom Scan Resolution i, dy. dz = 5 mm
Freguency B35 MHz 2 1 MHz
—t
Head TSL parameters
EMM‘“"MME&&
Temparature Permittivity Conductivity
Nominal Head TSL parametors 20°c 415 0.80 mhodm
WHHHTILM 220 202} %C d1.0=0% 0:88 mhaim 2 8 %
lﬂmmmﬂwdwﬁqm «10'C o —
SAR result with Head TSL
| SAR averaged ovar 1 o’ (1 g of Head TSL Condition
SAR measured 230 W input pover 241 MW /g
SAR for nominal Head TSL paramatars normaiized 1o 1W lﬂﬁiﬂ'htﬂ.l'&lhﬂ!l
SAR averaged over 10 cm1' (10 gj of Head TEL Condion
SAR measured 250 mW input powes 15TmW i g
Eﬁﬂ:hn-mnlﬂ-hﬂTELp-mm figrmalized o W E.Hﬂfqtﬂdi[ﬁ-ll]
Body TSL parameters
The following parameters and caiculations wees applisd
Temperature Parmittivity Conduativity |
Nominal Body TSL paramoters 22.0°C 56.2 0.97 mhaim
Moasured Body TSL parameters 20202 "C 55828% 0.8 mhodm & 8 %
Body TSL temperature change during test <10'C s -
SAR result with Body TSL
SAR sveraged over 1 o' (1 g} of Body TSL Conaition
SAR messured 250 miN Input power 247 mW I g
SAR for nominal Body TSL pasarmetars nrmipdizad o 1W .72 mW ig £ 208 % (k=2)
SAR averaged over 10 o’ (10 g) of Body TSL Condition
SAR messured 250 MW inpul power 180 mW i g
SAR for nominal Body TSL parsmeters moimnalized o TW fi.44 mWig £ 20.4 % (k=2)

Certificate No: 217-97034
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL
Impedance. iransformed to fead point 48.20)- 3.3040)
Return Loss - 28 3dB N
Antenna Parameters with Body TSL
Impedance. ransformad 12 feed port 45.00- 3.08i0 il
Redumn Logs = #5648
General Antenna Parameters and Design
Edectrical Detay (one direction) 1474 ne _J

ﬂfhﬂpﬁu,muwmmmhmmmlnumihﬂutummmmumnmInndnd
mnghhpmumnuphlmdmmwlcwiﬁmrﬂmnmmmmmm
affectad by this change The overall dipote length is stil according to the Standard

No excessive force must be apglied to the dipole arms. becalsa they might bend or the soldered
mwhmdmhﬂm

Additional EUT Data

Mandaciured by SPEAG

Certificate No: Z17-07038 Page 4 of ¥
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DASYS Validation Report for Head TSL Dhate; 03 20,2017
Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz: Type: DE35V2: Serial: DRISY? - 8N: 4d151
Communication System: UID 0, CW: Frequency: 835 MH:: Duty Cyele: 1:1
Medium parameters used: = 832 MHe: o = 0.886 S/m: ¢, = 40.96: p= 1000 ky/m'
Phantom section: Right Section

Measurement Stundard: DASYS (IEEE/ |[EC/ANS] C63.19-2007)
DASYS Configuration

= Probe: EX3DVE - SNI6I7 Cony F(9.73, 9.73, 9.73): Calibrated: 12372017

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

* Electronics: DAE4 Sn777- Calibrated: 87222016

« Phantom: Triple Flat Phantom 3:1C; Type: QD 000 P51 CA: Serial: | 16171

»  Measurement SW: DASYS2. Version 52.8 (8): SEMCAD X Version 14.6.10 (7372

Dipole Calibration/Zoom Scan (7x7xT) (TxTxTWCube 0: Measurement grid: dx=5mm,
dy=3Smm, dr=5mm

Reference Value = 59.22V/im: Power Drift = 0,03 dp

Peak SAR (extrapolated) = 3,68 Wikg

SAR(I g) = 2,41 Wikg: SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3,24 Wikg

L

10.72
0 dB =3.24 W/kg = 5.11 dBW/kg

Certificate Mp: ZF7-0M018 Page s of
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DASYS Validation Report for Body TSL Date: 03202017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz: Type: DEISVY; Serial: DEISVE - SN: 4d151
Communication System: LID 0, CW; Frequency: 835 MHz: Duty Cycle: 1:]
Medium parameters used: (= 83§ M- o = 0.962 S/m; 6, = 55.58; p = (000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS UEEEAEC/ANST C63.19-2007)
DIASYS Configuration:

*  Probe: EXIDVY - §N16 |7 ConvF(9.64 9.64 9.64); Calibrated: 11237201 T

* Sensor-Surface: | 4mm (Mechanic al Surfuce Detection)

* Electronics: DAE4 Sn777: Calibrmed: 82272016

«  Phantom: Triple Flat Phantom 3.1C; Type: QD 000 P51 CA: Serial 116171

*  Measurement SW: DAS Y52, Version 52.8 (8} SEMCAD X Version 14.6.10 (T372)

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x 7V Cube 0: Measurcimnent erid: dy=5mm,
dy=5Smm, de=5mm

Reference Value = 57.67 Vim; Power Drifi = <001 dB

Peak SAR (extrapolated) = 3.50 Wike

SAR(1 g) = 2.41 Wikg; SAR(ID g) = 1.6 Wikg

Maximum value of SAR | measured) = 3.03 Wikg

dB
o |

0 dB = 3.03 Wik = 4.81 dBW/kg

Certificate No: 21797038 Page 7ol
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Impedance Measurement Piot for Body TSL
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Object D1750V2 - SN 1080
Calibration Procedure(s) FD-211.003-01
Cgiibration dale March 23, 2017

This calibration Cerficate documanis the iraceability to national standards, which realize the physical units of
measuremants(S1), The measurameants and the uncertambes with confidence probabilty are given on the following
pages and are pari of the cedificate

All calibrafions have been conducied in the closed laboratory facility. anvicohmant Temperatune2d«3C and
hurmidity<70%.

Calibration Equipment used (MATE cribical for cahibrabion)

Prmary Standards D Cai Date(Calibrated by, Certificata No ) Scheduled Calibration
Power Meter NRPZ 101819 27-Jun-18 (CTTL, No.NBX047TT) Jun-17
Power senaor NRP-Z81 | 101547 27-Jun-18 (CTTL, No J18X0477T) Jun-17
Reference Probe EX30VA | 5N 3817 23-Jan-17(SPEAG No EX3-3617 _Jan1T) Jan-18
DAE4 SNTTT 22-Aug-18(CTTL-EPEAG Mo Z16-87138) Aug-17
Secondary Standards iDe Cal Date{ Calibrated by, Certificate No | Scheduled Calibration
Signal Generator E4438C | MY48071430 13-Jan-17 (CTTL. No.J1TX00D2Z86E) Jan-18
Metwork Anslyzer ESOTIC | MY4B110673  13-Jan-17 (CTTL, No.J1TXD028E) Jan-18
Name Function y Ennlm“-u
Caibrated by 2hao g SAR Test Engrneer b =
Approved by .hi'lli'_ : Diauity Difcint of s lshornmor %ﬁ
issued: March 2812047
This calibration certificate shall not be reproduced excapt in full without written approval of the |aboratory

Certificate Na; £17-97040 Puge | ol &
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TSL tissue simulating liquid
ConvF sensitivity in TSL f NORMx.y.z
NfA not applicable or not measured

Calibration Is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure to measure the Specific Absorplion Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

c) [EC 82209-2, “Procadure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity o the human body (frequency range of
30MHz to 6GHz)", March 2010

d) KDB8656E4, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
e) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

= Measuremeni Condiftions. Further details are avallable from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicaled

s« Antenna Paramelers with TS5L The dipole is mountad 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 measurad with the dipole
positioned under the liquid filled phantom. The impedance staled is transformed from the
measuremeant at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electricai Delay: One-way delay between the SMA connector and the antenna feed poinl.
Mo uncertainty required.

s SAR measured SAR measured ai the stated antenna input power.

« SAR normalized: SAR as measured. normalized (o an input power of 1 W at the anlenna
connector.

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

The reporied uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for 8 normal distribution

Comesponds to a coverage prabability of approximately 85%.
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Measurement Conditions
DASY system configurstion, as far as ol given on page 1
DASY Version DaSY5SR 52 8 B 1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 1 mm with Sgpacer
Zopom Scan Resolution o, dy, d2 =5 mm
Frequancy 1750 MHz 3 1 MHz
Head TSL parameters
The tofiowing parametars and calculaions were appied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 40.1 137 mhaim
Moasured Head TEL paramotors 20£02) C 40018 % 1.3 mhoim £ 6%
Head TSL temperature chango during test <10°C i .

SAR result with Head TSL :
SAR averaged over 1 cm (1 ) of Head TSL Condition |
SAR measured 250 miW input powar B.22 MW ig
SAR far nominal Head TSL paramaters normakzed to TW 37.0 mW g £ 20,8 % (k=2)
SAR averaged over 10 ¢ (10 g) of Head TSL Condition
SAR measured 250 W ingit pawes 49TmW i g
SAR for nominal Head TSL paramotors nonmuasiced to 1W 1.9 mW /g £ 20.4 % (k=2]

Body TSL parameters

The following pacameters and calculations were applied
Temperature Parmittivity Canductivity
Nominal Body TSL parameters 30T 534 1.48 mhodm
Measured Body T5L parameters (220:20.2)"C 53128% 1,48 mhaim £ 8 %
me_fhupduﬂmnﬂ <10°C == ==

SAR result with Body TSL
SAR averaged over 1 cm’ (1 gl of Body TSL Condition
SAR maasursd 250 MWW Inpul power BAG MW g
SAR for nominal Body TSL paramaters natrmalized to TW 381 mW ig £ 208 % (k=2)
SAR averaged over 10 o (10 g of Boady T5L Conditon
SAR maasued 250 AN inguit powes S513mN g
SAR for nominal Body TSL parametsrs nommaiized to 1W 20.6 mW /g £ 20.4 % (k=2}

Cenificane Mo: 21787040
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Appendix (Additional assessments outside the scope of CNAS LOST0)

Antenna Parameters with Head TSL

Impedance, ransformad 1o feed poirt 48.00- 1.53(0

Reium Loss - 31 BdB
Antenna Parameters with Body TSL

impegance. Iransiormed o feod podnl 44 500 1. 8810

Return Loss - 24 308
General Antenna Parameters and Design

Elctrical Dalay (oo direchon) 1328 ns

Aftar long term use with 100W radisted power, only a slight warming of the dipole near the feedpoint can

be meaaured,

The dipole s made of standard semingid coaxial cable. The center conducior of the feading ine is dinacily
connecled to the second arm of the dipole The antenna is therefore short-circuited for DC-signals, On some
of the dipoles, smail end caps are addeq (o the dipoie ams in order 1o improve maiching when loaded
Bccording 1o the position as explained In the "Measurement Conditions” paragraph,. The SAR data ans not

affectad by thea changs. The averall dipose langth s sl acoconding 1o the Standard

No excessive force must be applied to the dipole arms, bacause they might bend or the soidered

conngctions near the feedpoint may be damaged

Additional EUT Data

Manufactured by

Certificate No; Z17-97040
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DASYS Validation Report for Head TSL Daie: 03233017

Test Laboratory: CTTL., Beijing. China

DUT: Dipole 1750 MHz; Tvpe: D1730V2: Serink: DITSOVI - SN: 1090
Communication System: UID 0, CW; Frequency: 1750 MHz: Duty Cvele! 111
Medium pammeters used: (= 1750 MHz: a= 1,364 S/m; e = 40.01; p = 1000 kg/m3
Phantom section: Right Section
Messurement Standard: DASY S (IEEETEC/ANS] C63, 19-2007

DASYS Configuration

#  Probe: EX3DVA - SN361T, ConvF(BA49, B49, B.49): Calibrated: 12372017;

» Sensor-Surfece: | 4mm (Mechanical Surface Detection)

#» Ele¢tronics: DAE4 8n777; Calibraled: B2272016

& Phantom: Triple Flat Phantom 3. 1C; Type: QD 000 P3] CA:; Serial: 1 16171

&  Measurement SW: DASYSZ, Version 52.8 (B SEMUCAD X Version 14.6.1007372)

Svstem Performance Check/Loom Seam (7727 ) (Ta7a7)V Cube 0; Measurement grd
dx=5mm, dv=3mm, de=Smm

Reterence Value = 95.51V/m; Power Dnft = 0.04 dB

Peak SAR (extrunpolated) = 16.8W kg

SAR(] gh=9.22 Wikg: SAR(10 g) = 4.97 Wikg

Maximum vulue of SAR (measured) = 14,1 Wikg

[i]:]
o

327

-6.54

D dB = 14.1 Wikg = 11.49 dBW/kg

Certificate Na: &1 7-070 Page s of
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Impedance Measuremant Plot for Head TSL
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DASYS Validation Report for Bodv TSL Dinic; 43332017

Test Laborstory: CTTL., Beijing, China

DUT: Dipole 1750 MHz; Type: D1720%V1; Serinl: DITS0V2 - SN: 1090
Communication System: LD 0, CW; Frequency: 1750 MHz; Duty Cycle: 111
Medium parnmeters used: = 1730 MHz; o= 1 481 S/m; &, =53.11; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEETEC/ANS] CA2.19-200T)

[DASY S Configuration

¢ Probe: EX3DVE - SMN3G1 T ConvF(B.21, 8.21, B.21): Calibrmted: 1/2372017:
# Sensor-Surfoce: | 4mm (Mechanical Surfsce Detection)

+ Electronics: DAE4 Sn777; Calibrated: B2272016

* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

o Measurement SW: DASY S Version 528 (B): SEMCAD X Version 14.6. 10 (7372)

System Performance Check/Zoom Scan (Tx7x7) (Tx7x7) Cube 0: Measurement grid:
dx=5mm, dv=5mm, dz=5mm

Reference Value =96.43 Vim; Power Difi =-0.02 dB
Peak SAR (extrapolated) = 17.0 Wikg

SAR(1 g) =949 Wikg; SAR(10 g) = 5.13 W/kg
Maximum value of SAR (measured) = 14.4 Wiky

.22

<6.43

-4.65

-12.86

1608

0 dB =144 Wike = 11.58 dBW/kg

Cerificale Na £ 7-0700 Paye 7ol #
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Impedance Measurement Plot for Body TSL
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CALIBRATION

Add: %051 Xeeyuan Romd, Habdlan Districr, Beijmg, 100191, Ching

Object D1800V2 - SN 5d170
Calibration Procedura(s) FO-211-00301

Calibration Procedures for dipale vabidation kits
Calibration date: March 22, 2017

This calibration Certificate documents the raceability to national standards, which realize the physical units of

measurements(&l) The measuremeants and the uncertainties with confidence probability are grven on the fallowing
pages and are part of the cerlificate

All calibrations have been conducted in the ciosed laboratory faclity environmaent temperature(22:MT and
humidity<70%.

Calibration Equipmant usad (M&TE critical for calibration)

Primary Standards D& Cal Date(Calibrated by, Certificate No.) Scheduled Calbration
Fower Meter NRPZ 101918 27-Jun-18 (CTTL, Na J16X04777) Jurs7
Power senscr NRP-Z91 | 101547 27=Jun=18 (CTTL, Na.J1BXD4TTT) Jun-17
Referanca Probe EX30VY | SN 3817 23-Jan-17({SPEAG No EX3-3817_JaniT) Jan-18
DAE4 SNTTT 22-Aug-16{CTTL-SPEAG N0 Z18-87138) Aug-17
Secondary Standards iD# Cal Date{Calbrated by, Certificate Mo ) Sohedulsd Calibralion
Signal Generator E4438C | MYA8071430 13-Jan-17 (CTTL, No J17X00288) Jan-18
Network Anatyzer ESO71C | MY48110673  13-Jan-17 (CTTL, No.J1TX00285) Jan-18
Name Function E-grulum_
Callratad by 2Zhao Jing SAR Test Engineer -_

Issusd: March zl:lt?
This calibration certificate shall not be reproduced sxcept in hull withou! written approval of ine IBboratory,

Certificate Mo: £17-97041 Page 1 af &
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx, v,z
NIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-heid
:!u;?uﬁ used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February

c) IEC 82208-2, "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 BGHz)", March 2010

d) KDBBB85664, SAR Measurement Reguirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 System Handbook

llﬂhndl Applied and Interpretation of Parameters:

Measurement Condifions: Further details are avallable from the Validation Report at the end
of the cartificate. All figures stated in the certificale are valid al the frequency Indicated.

« Antenna Paramelers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the fiat phantom section, with the arms oriented
paralial to the body axis.

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

« Elscincal Delay: One-way delay between the SMA conneclor and the antenna fead point.
No uncertainty required.

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

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

The reported uncertainty of measurement IS slated as the standard unceriasinty of
Measurement multipiied by the coverage factor k=2, which for a noemal distribution
Cormesponds to a coverage probability of approximately 85%.

Certificute Mo; £ 1T-9T0 | Page » of &
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Measurement Conditions
DASY sysiem configuration, as far as not gven on page 1
DASY Version DASYS2 52 88 1258
Extrapolation Advanced Extrapoistion
Phantom Trighe Fiat Phantom 5.1C
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resolution i, dy, dz= 5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calcutations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20'C 400 1.40 mhanm
Moasured Head TSL pararmebors (220:0.2)C IEzE% 1.36 mho/m ¢ B %
Head TSL temperature change during test <10°C Ly =
SAR result with Head TSL
| SAR averaged over 1 o’ (1 g) of Head TSL Congition
SAR measurod 250 mid inpud power SBEmW g
SAR for nominal Head TSL paramelers normalized fo 1W 40.0 mW ig = 20.8 % (k=2)
SAR avsraged over 10 om {10 g) of Head TSL Corition
SAR measured 250 mW Inpul powst 515 mW /g
SAR for nominal Head TSL paramelers normalized 1o 1W 20.7 mW g = 20.4 % (lo=1)
Body TSL parameters
The faliowing pasameters and caiculations were applied
Temparature Pormittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mha/m
Messured Body TSL parameters (2201203 °C Bez0% 1.53 mitoim £ 6 %
Body TSL temperature change during test <1.0°C —_ —
SAR result with Body TSL
BAR averaged over 1 omi' (1 g) of Body TSL Conditon
SAR measunyd 250 iV ingut power 102mwWig
SAR for nominal Bady TSL parameten normakzed to 1W 40.7 mW g £ 20.8 % (k=3)
SAR averaged over 10 cm (10 g} of Bady TSL Condition
SAR measwed 250 miW ingut power 537 mW /g
SAR for nominal Body TSL paramaters normakzed to TW 214 mW ig £ 20.4 % (k=2)

Certificnie No: Z17-9704 1
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Appendix (Additional assessmants outside the scope of CNAS L0O570)
Antenna Parameters with Head TSL

Impadance, transformed bo fead poin 51.650+ 5310
Ratem Loss = S5 3dB

Antenna Parameters with Body TSL

Imipadanos, ransfsmed (o faed pont 4820+ 5810
Return Loss - 24 faB

Genaral Antenna Parameters and Design

Elecirionl Delay (ona direction) 1.307 ns

After long term use with 100W radiated power, only 8 slight warming of the dipola near the feedpoint can
be measured.

The dipole is made of standard semirigid coaxial cable The center conductor of the feeding ine is directly
cannecied (o the second arm of the dipole. The antenna &5 thersfore shor-circulied for DC-signats. On some
of the dipoles, small end caps are added 1o the dipole arms in ofder o iImprove malching when loaded
according to the position as axplained in the "Measuremant Conditions” paragraph, The SAR data are not
affected by this change. The overall dipole length is siill according fo the Standard

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

Additional EUT Data

Manufactured by SPEAG

Certificae Wo: 21797041 Page 4 ol N
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DASYS Validation Report for Head TSL D 03,22 2017

Test Laboratory: CTTL., Beljing, China

BUT: Dipole 1900 MHz; Type: D1900V2; Serial: D190V - §N: 54170
Commumication System: ULD 0, CW: Frequency: 1900 MHz; Duty Cyele: 11
Medium parmameters used: = 1900 MMz o= 1.376 S/m: &7 = 39.92- p = 100 ke'm3
Phantom section: Right Section
Measurement Standard: DASY 3 (IEEETEC/ANS] C63.1 02007

DASYS Configuration:

= Probe: EXIDVY - SM3617; ConvF{8.26, £.26, 8.26); Calibrted: 1/723°2017:

+  Sensor-Surface: | 4mm (Mechanical Surface Detectian)

s Elecironics: DAES Sn777; Calibrafed: 8222016

e Phantom: Triple Flat Phantom 5.1C; Type: QD 000 PS1 CA; Serinl: 1161/1

» Measurement 8W: DASYS2, Version 52.8 (B, SEMCAD X Version 146 10(7372)
System Performance Check/Zoom Sean (7x717) (773 7)Cube 0: Measurement grid
dx=3mm. dyv=3Smm, de=5mm
Reference Value = 90.60 Vim: Power Drifi = 0.05 dB
Peak SAR (extropolated) = 18.7 Wiky

SAR(1 g) = 9.89 W/kg: SAR(10 g) = 5.15 W/kg
Maximum value of SAR (messured) = 15.5 W/kg

db
]

-1.50
-1.m |
-10.51

14,02

&
17.52

0dB = 15.5 Wikg = 11.90 dBW/kg

Cemiicnge No: £1T7-8704 1 Page s ol B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date; 63222017

Test Labormtory; CTTL, Beijing, China

DUT: Dipole 1900 MHz: Type: DI900V2; Serinl: D1900V2 - SN: 34170
Communication System: UID 0, CW; Frequency: 1900 MHz: Duty Cyele: 111
Medium parameters used: = 1900 MHz; o = 1.532 S/m; &, = 53.62; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEETEC/ANSI CA3.19-2007)

DASYS Configuration

# Probe; EX3DWVY - SMNI&IT: ConvF(7.95, 7.95, 7.95): Calibmted: 1/2372017:
+ Sensor-Surface: | 4Amm (Mechanical Surface Detection)

« Electronics: DAE4 Sa77T; Calibrated: 82272016

* [Phantom: Triple Flat Phantom 5.1C; Type: QD 000 PS1 CA; Serial: 1161/1

»  Measurement SW: DASYS2, Version 52.8 (8): SEMCAD X Version 14.6.10({7372)

aystem Performance Check/Zoom Sean (7x7x7) {Tx7x7)Cube 0: Measurement grid:
dx=3mm, dy=5Smm, de=3mm

Reference Value = 97.75 Vim; Power Drift = 0.05 dB
Penk SAR (extrapolated) = 18.3 Wikg

SAR(I g) = 10.2 Wikg: SAR{10 g)= 537 W'kg
Maximum value of SAR (messured) = 15.3 Wike

-3.44

-b.BT

-10.31

-13.74

-17.18

0 dB =155 W/kg = 1.9 dBW/kg

Cerificeie Mo: 21707041 Page T ol s
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impedance Measurement Plot for Body TSL
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Calibration Procedurs(s) FH"Hmi . b LA
ot AL L |
Calibration date March 21, 2017 I

This calibration Certificate documents the traceability 1o national standards, which realize the physical units of
measuramanta(Sl) The measuamenis and the unceramnties with confidence probability are given an the followang
pages and are part of the cerificate

Al calibrations have been conducted in the closed laboratory facility. emaronment smpersturezzay T and
humidity<T0%

Calibration Equipment usad {MATE critical for calioration)

Primary Standards D# Cal Date(Cailbrated by, Certificats No ) Scheduled Calibration
Power Matar NRPZ 10TE18 27-Jun-18 ([CTTL, No. J18XD4TTT) Jun-17
Power sensor NRP-Z81 | 101547 2T-Jun-16(CTTL, No, 18X0477T) Jun-17
Referance Probe EX3DV4 | SN 3617 23-Jan-17(SPEAG No EX3-3817_Jan17) Jan-18
DAEA sSNTT? 22-Aug-18(CTTL-SPEAGNo.Z18-87138) Aug-17
Secondary Standands 0 & Cal Data{Calfibrated by, Cantificate No ) Scheduled Calibration
Signal Generator E4438C | MY4BO71430  13-Jan-17 (CTTL. No.J17X00288) Jan-18
Network Analyzer ES07T1C | MY46110873  13-Jan-17 (CTTL. No.J17X00285) Jan-18
Mame Funchion Signaturs
el GiDianyuan AR Project Leader S
Approved by i Blrgeong Deputy Director of the laborstory Elm
Isaued: March 25
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TSL tissue simulating liquid
ConvF sensitivity in TSL /| NORMx,y.z
NIA 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 Techniques”, June 2013

b) IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-heid
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

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

d) KDB8E5664, SAR Measurement Requirements for 100 MHz to § GHz

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Canditions: Further details are avallable from the Validation Report at the end
of the certificate. All figures siated in the certificate are valid at the frequency indicated

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

« Feed Point Impedance and Relum Loss: These parameters are measured with the dipole
positioned 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 connector and the antenna feed paint.
No uncertainty required.

+ SAR measured SAR measured al the stated antenna input power.

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

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

The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normmal distribufion
Corresponds to a coverage probability of approximataly 85%

Certiflcate No: Z17-07043 Page 2 of s
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYEZ 52 BB 1254
Exirapolation Advancad Extrapalalon
Phantom Triple Flat Phantom 5 1C
Distance Dipole Center - TSL 10 mm with Spacer
Loom Scan Resolution dx, dy, dzr = 5 mm
Freguency 2450 MHz £ 1 Mz
Head TSL parameters
Temperature Parmittivity Conductivity
Mominal Head TSL paramoters 20°C 3.2 1.B0 mhafm
Measurod Head TSL parameters (22002 "C WO16% 1,77 mho/m 2 8 %
Hfﬁ.mmdmmml i 0'C iz =
SAR result with Hil:lTﬂL
SAR averaged over 1 cm {1 g of Mead TSL Condition
SAR mepsured 250 MW inpud powar 13.2mW /g
SAR for nominal Head TSL paramaters nomadied to 1W 512 mW ig = 208 % (k=2)
SAR averaged over 10 ¢m’ (10 g} of Head TSL Condion
SAR maasurnd 250 miW inpul power 813mWig
SAR for nomenal Head TSL parameatars normalized 1o W 4.6 mW g = 20,4 % (k=2
Body TSL parameters
The faillowing parametars and caltulations were applied
Temperature Pormittivity Conductivity
Hominal Body TSL parameters 20'C B> 7 .85 mhaim
Measured Body TSL parameters (22002 °C 52a+6% 18imha/m 8 %
Body TSL temperalure change during tost <1.0"C i =
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Gondiion
SAR measured 250 mW inpud power 127 mW i g
BAR for nominal Body TSL parameters rovmadized to 1W 509 mW g £ 208 % (k=1}
SAR averaged over 10 ¢ (10 g) of Body TSL Conditon
SAR measured 250 MW input power B8 mW i g
SAR for nominal Body TSL parameters normalized e 1W 218 mW ig & 204 % (k=2)

Certificate No: Z17-97043
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Appendix (Additional assessments outside the scope of CNAS LOS70)

Antenna Parameters with Head TSL
Impedance, ransformed fo feed polnt 55,500 2 350
Feturn Loss - 34 GdB
Antenna Parameters with Body TSL
Impedance. transformed 1o feed point 52 5(}e 2 1240 |
Retum Loss 30008 j

General Antenna Parameters and Design

Elecirics Delay (one direction) | 1.281 ns

After long term use with 100W radiated powsr, only a slight warming of the dipole near ths feedpaint can
be measurad.

The dipole is made of standard semingid coaxial cable ﬁummnrhm{ﬁmumum
connected o the sacond arm of the dipale The antenna is tharefore short-cinculted for DC-signais. On some
dﬂu:ﬁpﬂu,mﬂilmmmmumﬁpﬁnminmmmmmmw
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 1o the dipole arms. because they might bend or the saldered
connections near the feedpoint may be damaged

Additional EUT Data

Mamdaciured by SPEAG

Certificate No: Z17-97043 Page 4 ol &
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DASYS Validation Report for Head TSL Dute; 03.21.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 008
Communication System: ULD 0, CW: Frequency: 2450 MHz: Duty Cyele: 1:1
Medium parumeters used: = 2450 MHz: o= |, 768 S/in: or = 319.02; p = 1000 kg'm3
Phantom section Right Section
Measurement Standard: DASY 2 (IEEE/IEC/ANS] C83, 19-2007)
DASYS Configuration:

Probe: EXIDVA - SNI6IT: ConvF(7.74. 7.74. 7 14); Calibeated: 1/23/2017:

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

¢ Electronics: DAES Sn777: Calibrated: 82272016

= Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Seral- 1161 |

»  Measurement SW: DASY 52, Version 52§ (B} SEMCAD X Version 14.6, 10 (7175

Dipole Calibration/Zoom Scan (Tx7x7) (7xTx 7V Cube 0 Measurement grid: de=%mm,
dy=3mm, de=5mm

Reference Value = 104.7 Vim; Power Drifi = 0.04 dB

Peak SAR (extrapolated) = 27.4 Wik

SAR(I g) = 13.2 W/kg; SAR(10 g) = 6.13 Wikg

Maximum value of SAR (measured) = 22.0 Wikg
df
o
-4.36
B.73
-13.09

-17.46

-21.82

0 dB =220 Wikg = 13.42 dBW/kg

Certificate Mo 7 17-07043 Page s ol y
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Duwte: 03212017

Fest Laboratory: CTTL, Beijing. China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D450V - SN: 908
Communication System: UID 0, CW; Frequency: 2450 MHz: Duty Cyele: 111
Medium parameters used: = 2450 MHz a = 1.931 5/ m; g = 3227; p= 1000 kg/m"
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/IEC/ANSI ( 63, 19-2007)

ASYS Configurntion:

+  Probe: EX3DV4 - SN3617; ConvF(7.8, 7.8. 7.8); Calibeated: 1/23/2017:

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

» Electronics: DAE4 Sn777: Calibrated: 8722/2016

= Phantom: Triple Flat Phantom 5. 1C; Type: QD 000 P51 CA: Serial: 1161/

*  Measurement SW: DASY 52, Version 52.8 ¢ B SEMCAD X Version 14.6.10 (7370

Dipole CalibrutionZoom Scan (Tx7x7) (TxTx TV Cube 0: Measurement grid; dx=5mm,
dy=Smm, dz=3mm

Reference Value = 97.13 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolted) = 27.0 Wikg

SAR{I g) = 12.7 Wikg: SAR(10 g) = 5,88 W/kg
Maximum value of SAR (measured) = 21,7 Wikg

dB
v
-4.37
-B.74

130

-17.47

L

<21.84

0dB =117 Wig = 1336 dBW/kg

Cemificule Mo: Z17-97043 Page 7 of i
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Impedance Measurement Plat for Body TSL
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Calibration Procedures for dipale validstion kits
Calibration dala ‘March 24, 2017

This calibration Certificale documents the fraceabilty to natonal standarde. which realize the physical uniis of
mmmn.Mmmmummmmhmmmwmwmmmm
pages and are part of the cerlificate.

Mlmmmmmmmmmhﬂmmwrw
hurmidity=70%,

Calbrabion Equipment used (MATE critical for calibration)

Frimary Standards IDw Cal Date{Calibrated by, Cerfificate MNo.) Scheduled Cakbration
Power Meler NRPZ 101818 21-Jun-16 (CTTL, No . J18X0477T) Jun1T
Power sensor  NRP-ZB1 | 101547 27-Jun-18 (CTTL, No.J18X0477T) Jun-17
Reference Probe EX30VW4 | SN 3617 23-Jan-1T{SPEAG No EX3-3617 _Jan1i 7 Jan-18
DAE4 SN TYT 22-Aug-18(CTTL-SPEAG No. Z216-97138) Aug-17
Secandary Standands ID# Cal Dnle(Calibrated by, Certifioate No ) Scheduled Calibration
Signal Generator E44238C | MY48071430  13-Jan-17 {CTTL, No.J1 TRDOZ8E) Jan-18
Nabwork Analyzer ESOT1C | MY4B110873  13-Jan-17 (CTTL Na. 1 TRDOZ85) dap-18
Mame Functon S re
e Zhao Jing SAR Test Enginpor E
Reviewod by QiDjanyuan  SAR Project Loader e e
Approved by Lu Bingao 0 ty Direcior of the lsberalor ) ‘m

Issued: March 25, 2017
mmmmmmmmmmmmmmﬂmwmmwmm.
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Hemall! cikiehmmiiloom bt e s
Glossary:
TSL lissue simulating liguid
ComvF sensitivity In TSL / NORM,y.z
NFA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62200-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

e} IEC 82208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
J0MHz to 6GHz)", March 2010

d) KDB865664, SAR Measurement Reguirements for 100 MHz 1o 8 GHz

Additional Documentation:
a) DASY4/5 System Handbook

Methods Applied and Interpretation of Parametars:

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

« Anfenna Parametsrs with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

= Fead Point Impedance and Return Lass: These paramelers are measured with the dipobe
positioned under the liquid filled phantom, The impedance stated is fransfarmed from the
maasurement at the SMA conneclor to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Elecirical Delay: One-way delay belween the SMA connecior and the antenna feed point.
No uncertainty required,

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

» SAR for nominal TSL paramefers: The measured TSL parameters are used o caloulate the
nominal SAR result.

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

Certificate No: £17-97044 Foge 1 of B
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Measurement Conditions
DASY

systam configuration, s far as nol ghwen on page 1.
DASY Version DASYS2 62 8.8.1254
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 8. 1C
Distance Dipole Center - TSL 10 mym wilh Spacer
Zoam Scan Rssclulion dx, dy, dz = 5 mm
Froquancy 2450 MMz £ 1 MHz
Head TSL parameaters
hé faliowing parameters and calculations were applod.
Tamparatura Permittivity Conductivity
Mominal Head TSL parametors 2oc 39.2 1.0 mhaim
Measured Head TSL parameters E20+03)"C FO0E0% 177 mbodm + 6 %
Hedd TSL temperature change during test =1.0%C =
SAR result with Head TSL
BAR averaged over 1 om' (1 g} of Head TSL Condition
SAR moasured 250 miW Inpast power 13.0mV /g
BAR far nominal Hesd TSL paamalars nomalized to W BZ.4 mW fg £ 20.8 % (k=2)
SAR averaged over 10 cm ' (10 g) of Howd T5L Condition
SAR s umed 250 miW Inpul poer B4 mh /g
SAR for nomingl Head TSL paramaters narmalized o 1W 24.3 mW fig £ 20.4 % (k=1)
Body TSL parameters
The loligwing paramelers and cakculalions were applied.
Temparature Parmittivity Conductivity
Nominal Body TSL parameters 20°C 527 1S6mhom |
Measured Body TSL parametens EFipx03°C 5238 % 1.83 mhodm + & %
| Body TSL temperature change during tost «1.0°C =
SAR result with Body TSL =
SAR averaged over 1 cm’ (1 g) of Body TSL Conition
SAR meassurod 250 mW inpul powe: 126mW /g
SAR for nominal Bady TSL parameters normadized to W 50.5 mW ig £ 20.8 % (k=2)
SAR avoraged over 10 cm’ (10 g) of Body TSL Canditian
SAR maaswed 250 mW inpul power B85 mWig
SAR for nesminal Body TSL pammeters normalized to W | 22.5 mW ig £ 20.4 % (k=2)

Certificate No: Z17-97044
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Appendix (Additional assessmenis outside the scops of CNAS LOST70)

Antenna Parameters with Head TSL

Impedance, ransformed o lped poing 5080+ 3 Tl

Return Loss - 26.3d8
Antenna Parameters with Body TSL

Impadance, transformed 1o feed pain| 48,30+ 4,18i0

Reham Loss - 26.8d8
General Antenna Parameters and Design

Elecirical Dalay (one drection) 1.2680 n=

ﬁllflﬂﬂﬂ barm Use with 100W radiated power, only a alight wawming of the dipole near the feedpoint can
maasurad

The dipole i made of standard semingid coaxial cable The center conductor of the feading line is directly
tonnected to the second am of the dipole. The antenna is therefore shori-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 1o the posiion as explained in the "Measurement Condilions” paragraph. The SAR data are not
atfectad by this change. The overall dipale lenglh is still according o the Standard,

Mo excessive force must be applied o the dipole arms, because they might bend ar the soldered
connections near the feedpaint may be damaged

Additional EUT Data

Manufacturad by EFEASG

Certificaie Moy £1 797044 Puge 4 of &



TTL.
CALIBRATION LABORATDEY

Aalili N 5| Keryuon Fond, Haidies Disenicl, Peijing, 100091, Ching
Fel: =N 1A 086 1 3 20T Fax: # H-1 053 W4R1 1T 51
E-omdly enlifehinaiil com higg: Hvvew chimasilon

DASYS Validation Report for Head TSL D 03,31, 2017
Test Laboratory: CTTL, Beijing. China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 924
Communication System: LD 0, CW; Frequency: 2450 MHz: Duty Cyele: 1:1
Medium parsmeters used: = 2450 MHx; o= 1. 768 S/m: er = 39,02 = 1000 kg/m3
Phanicom section: Right Section
Measurement Stundard: DASYS (IEEEIEC/ANST C61,19-2007)
DASYS Configurstion:

« Probe: EX3DVY - SN3617; ConvFi{7.74, 7.74, 7.74); Calibrated: 1/23720]7:

*  Sensor-Surface: | 4mm (Mechanical Surfice Detection)

« Electronics: DAL Sa777: Calibrted: 82272016

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 116171

¢  Measurement SW: DASYS2, Version 52.8 (B) SEMUAD X Version 14.6.10 (7372}

Dipole Calibration/Zoom Scan (7x7x7) (73757 Cube 0: Measurement grid: dx=5mm,
dy=5mm, dr=5mm

Reference Value = 103.8 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.0 W/ikg

SAR(L g) = 13 Wikg: SAR(10 g) = 6.04 Wikg

Maximum value of SAR (measured) = 21.7 Wikg

dB
0

-4.4)

H.81

13,24

o

-22.07

0 4B =21.7 Wikg = 13.36 dBW/kg

Certificate No: Z17-97044 Page 5 of 4
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Impedance Measurement Plot for Head TSL
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BASYS Validation Report for Body TSL Date: 03212017
Test Laboratory: CTTL, Beijing, Ching
DUT: Dipole 2450 MHz; Type: D2450V2; Seriul: D2450V2 - §N: 924
Communication System; UID 0, CW; Frequency: 2450 MHz: Pty Cyele: 1:]
Medium parmeters used: £=2430 MHz; o= | 93] S/m: ¢, = $2.27- p= 1000 kg/m’
Phantom section: Center Section

Measurement Standard: DASY'S (IEEENEC/ANS] C63.19-2007)
DASY S Configuration:

= Probe: EX3DVA - SN3617; ConvF(7.8, 7.8, 7.8): Calibrated: L232017:

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

s [Electronics: DAES Sn777; Calibeated: 82272016

« Phantom; Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 116171

*  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372}

Dipole Culibration/Zoom Scan (7x7x7) (7TxTx 7V Cube 0: Messurement grid: dx=5mm,
dy=3mm, dr=5mm

Relerence Value = 9748 Vim; Power Drifi = -0,01 dB

Pesk SAR (extrapoluted) = 26.4 Wikg

SAR(1 g) = 12.6 Wikg; SAR{IO gh=5.86 Wikg
Maximum value of SAR (measured) = 20.9 Wik

dB8
o

0.9
“13.47
<1796

L.
22.45

0 dB-= 20,9 Wikg = 13.20 dBW/kg

Uertificite Mo Z17-97044 Page 7 of &
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Impedance Measurement Plot for Body TSL

71 311 Loy Wag 10.Goans aaf o, 0% (517

. ] a g -
Ao,
. Bl
FIN
16,00
(R il
=T, e

—Fa, 5¢
<T. iy
=& (1. dii

= ik -
El Seiph {eejs) weale i, bt [Fi pat]
iy

¥l AMUD0D SME ADLELE N 4. 1P G ?}ﬁ
.

A i
e

|

Certificate No: Z17-97044 Fage 4 of &



®  In Collaboration with

5 \‘\“ ’/'l *Eﬁﬁ]‘
TTL s p e a g <= M FE.T
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Add: No.S1 Xueyuan Road, Haidian Distrct, Beijing, 100191, China %,/ v CALIBRATION
'I/'l}n AR

Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504 CNAS L0570
E-mail: cttl@chinattl.com http://www.chinattl.cn
Client Sporton International INC Certificate No:  217-97161
CALIBRATION CERTIFICATE B
Object D2600V2 - SN: 1112

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

Calibration Procedures for dipole validation kits

Calibration date: September 18, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102196 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRV-Z5 100596 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Reference Probe EX3DV4 | SN 7433 26—Sep-16(SPEAG,N0.EX3—7433_Sep16) Sep-17
DAE4 SN 1331 19-Jan-17(CTTL-SPEAG N0.217-97015) Jan-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-17 (CTTL, No.J17X00286) Jan-18
Network Analyzer E5071C | MY46110673 13-Jan-17 (CTTL, No.J17X00285) Jan-18
Name Function Signature
. . G TS
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure 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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

e 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: Z17-97161 Page 2 of 8
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Measurement Conditions

Fax: +86-10-62304633-2504
http://www.chinattl.cn

DASY system configuration, as far as not given on page 1.

DASY Version

DASY52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 39816 % 1.95 mho/m £ 6 %
Head TSL temperature change during test <1.0°C
SAR result with Head TSL
SAR averaged over 1 c¢m’ (1 g) of Head TSL Condition

SAR measured

250 mW input power

140mW/g

SAR for nominal Head TSL parameters

normalized to 1W

56.4 mW /g £ 18.8 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

Condition

SAR measured

250 mW input power

6.29mW/g

SAR for nominal Head TSL parameters

normalized to 1W

25.3 mW /g £ 18.7 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (22.0+0.2) °C 5276 % 2.15 mho/m 6 %
Body TSL temperature change during test <1.0°C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured

250 mW input power

13.7mW/g

SAR for nominal Body TSL parameters

normalized to 1W

55.0 mW /g t 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

6.08 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

24.4 mW /g 1 18.7 % (k=2)

Page 3 of 8




!® In Collaboration with
w777 s e a
N CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com http://www.chinattl.cn

Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.0Q- 5.12jQ

Return Loss - 25.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.80Q- 5.40jQ

Return Loss -23.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.258 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
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
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DASYS Validation Report for Head TSL Date: 09.18.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1112
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; ¢ = 1.947 S/m; er = 39.75; p = 1000 kg/m3
Phantom section: Left Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

* Probe: EX3DV4 - SN7433; ConvF(7.19, 7.19, 7.19); Calibrated: 9/26/2016;

 Sensor-Surface: 1.4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

 Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

e Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 97.92 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.29 W/kg

Maximum value of SAR (measured) = 24.0 Wikg

dB
0

-4.60

-9.20

-13.81

-18.41

-23.01 L

0 dB =24.0 W/kg = 13.80 dBW/kg

Certificate No: Z17-97161 Page 50f 8



N © | eboration with
w777 s e a
NS CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com http://www.chinattl.cn

Impedance Measurement Plot for Head TSL

Trl S11 Log Mag 10.00dB/ Ref 0.000d8 [F1j
50.00 >l 2.6000000 GH2 -25.820 dB

40.00
30.00
20.00
10.00
0. 000 ) ¢
=-10.00
-20.00 1
-30.00

~40.00

-50.00 =
P s11 smith (R+3X) scale 1.000u [F1 Del]

>1  2.8000000 GHz 49.969 Q0 -5.1219 o 11.95

W INR The TR T T T i s T
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(

DASYS Validation Report for Body TSL Date: 09.18.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1112
Communication System: UID 0, CW; F requency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; ¢ = 2.147 S/m; & = 52.74; p = 1000 kg/m*
Phantom section: Center Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63. 19-2007)
DASYS Configuration:

» Probe: EX3DV4 - SN7433; ConvF (7.22,7.22, 7.22); Calibrated: 9/26/2016;

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

¢ Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

e Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

e Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

Dipole Calibration/Zoom Scan (7x7x7) (7x7xT)/Cube 0: Measurement grid: dx=5mm
dy=5mm, dz=5mm

Reference Value = 98.69 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) =13.7 W/kg; SAR(10 g) = 6.08 W/kg

Maximum value of SAR (measured) = 23.7 W/kg

4]

dB
0

-4.74
-9.48
-14.23

-18.97
L.

-23.71

0 dB =23.7 W/kg = 13.75 dBW/kg
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Impedance Measurement Plot for Body TSL

Trl s11 Log mMag 10.00d8/ Ref 0.000d8 [F1)
3000 500006 Gz <33 816 5 —

40.00
30.00
20.00
10.00
0.000 ']

-10.00

-20.00

-30.00

-40.00

-50.00 y
PN s11 smith (R+3X) Scale 1.000U [F1 pel]

>l 2.6000000 GHz 46.847 Q@ -5.3980 Q@ 11.34

_ . stop2.8.60z INEIT
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOAM x.y,z
MN/A not applicable or nol measured

Calibration is Performed According to the Following Standards:

a)

I

€

d)

IEEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specilic Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremen! Techniques”, June 2013

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

IEC 62208-2, "Procedure to determine the Specilic Absorplion Rate (SAR) for wireless
communication devices used in close praximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

KDB 865664, "5AR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:

&)

DASY4/5 Systern Handboaok

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequenay indicated,
Anterina Parameters with TSL: The dipole is mounted with the spacer to position Its feed
paint exactly below the canter marking of the flat phantomn section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These paramatlers are measured with the dipole
positioned under the liquid filled phantom. The impedance stated (s translormed from the
measurement at the SMA connector to the feed point. The Relumn Lass ensures low
reflected power, No uncertainty required.

Electrical Delay: One-way delay between the SMA connecior and the antenna feed paint,
Mo uncertainty required.

SAR measured; SAR measured al the stated antenna input power.

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

SAR for nominal TSL parameters: Tha measured TSL parameters are used to calculate the
naminal SAR result.

The

rted uncertainty of measurement is stated as the standard uncerainty of measuramant

multiphed by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

Cartiticate No: DSGHzVZ-1167_Julty Page 2ol 13




Measurement Conditions

DASY systam configuration, au lar as not givan on pige 1

DASY Version DABYS Va2 10.0

Extrapolation Advanced Extrapolation

Phantom Modulai Flal Phamiom VS 0

Distance Dipols Canter - TSL 10 mm with Spacer

Zoom Scan Resolutlon dx, dy = 4.0 mm, dz = 1.4 mm Graded Ralio = 1.4 (Z direction)
E250 MHz = 1 MHz

Fregquency 5600 MHz + 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The folldwing parnimétans and caloulations wine applied.
Temperaturs Pormitfivity Conductivity
Mominal Head TSL parameters 20°C 450 471 mhom
Measured Head TSL parametars (220 £0.2) "C WB22B% 456 mhoim = 6%
Head TSL lemperature change during test <05"C —_ -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 om® {1 g) of Head TSL Condition
SAR measured 100 mW input power 788 Wi
SAH for nominal Head TSL parameters nommalized o 1W 79,8 Wikg = 18.9 %% (k=2)
Fﬂlﬁw:mrmmf (10 g} of Hend TSL condition
SAR measummed 100 mW inpul powor 228 Wikg
SAR for nomenal Head TSL patamaters nommalized io 1W 22.8 Wikg = 10.5 % (k=2)
Head TSL parameters at 5600 MHz
The re and calosations wens
Temparaiure Parmittivity Conductivity
Nominal Head TSL parameters 220°C 256 507 mhatm
Measured Head TSL parameters (220 £02) C 35.7+6% | 4.92 mhoim 6%
Head TSL temperature change during test £05°C — it
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 ecm’® (1 g) of Head TSL Condition
SAH measured 100 miY input posar B.38 'Wikg
SAR for nominal Head TSL pommoles nommalized s 1W 83.0 W/ kg = 19.9 % (k=2)
SAR sveraged over 10 cm? (10 g} of Head TSL gonddicon
SAR maasened 100 mW input powsr 2.30'Wikg
SAR far nominal Head TSL paramsiors normalized bo 1W 23.9 Wikg = 19.5 % (kn2)

Cartificale Mo DSGHVE-116T_Juli7
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Head TSL parameters at 5750 MHz

The following paramedars and caloulations were appliad.

Temperaiure Pormittivity Conduciivity
HNominal Hoad TSL parameters =20C K 5.22 mho'm
Measured Hoad TSL parameters (22.0+02)°C BE5LE% 5.08 mhidm + 6 %
mmmmummm <0.5%C —— —

SAR result with Head TSL at 5750 MHz

SAR sveraged over 1 em® (1 g) of Head TSL Condilion
SAR measued 100 m\W input power B.07 Wiy
SAR for nominal Head TSL paramaeters noemalized o 1W B0.6 Wikg = 18,9 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condilion
SAH msasumd 100 mW input powsr 228 Wiy
SAH tor nominal Head TSL parmmabers powrmaliped to 1W 228 Wikg = 19.5 % (k=)

Carnficate Mo DSGHZVE- 1167 _Jull 7
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Body TSL parameters at 5250 MHz
Tha fallowing pararmedters and colculations wers agplied.

Temperalum Permittivity Conductivity
Nominal Body TSL parameters 207G 408 6,36 mho/m
Measurod Body TSL parmmeters (280 0 °C 4732 5% 552 mholm =6 5%
Body TSL temperature change during lest <05°C e —_—
SAR result with Body TSL at 5250 MHz
SAR avernged over 1 em® (1 g) of Body TSL Caonditson
SAR measursd 100 mW irpst powssr 774 Whkg

EAR for nominal Body TSL parametars ncimaized o 1TW T76.9 Wikg = 19.9 % (k=2)

SAR averaged aver 10 em?® (10 g) of Body TSL

SAR measurad

100 mW input power 217 Wikg

SAR for nominal Body TSL parsmeters noimakzed o 1W 21.5 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The: lallowing parameters and calculations were applied.

Temperature Parmittivity Conductivity
Mominal Body T5L parameters 220°C 8.6 5.77 mho/m
Measured Body TSL parameters (220 +0.8)"C 46,7 2 8% 5.98 mhofm = 6 "%
Body TSL temparaturs change during loat < L6570 o o

SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em® (1 g} of Body TSL Condition
SAR measured 100 W input power 8.05 Wikg
SAHR kar nominal Body TSL paramebers mormalized o 1W BO.0 Wikg = 199 % [(k=2)
SAR averaged over 10 cm® (10 g) of Body TSL canciion
SAR maaguned 100 mW inpul power 2.26 Wy
SAR for nominal Body TSL parameters riasmialized o TW 2.4 Wikg = 19.5 % [kel)

Carilicate Mo; DEGHEV2-1167_Jl17
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Body TSL parameters at 5750 MHz

Tha following parameles and calculations were agpliad.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C L L) B84 mhodm
Measured Body TSL paramelars (22.0£02)“C 464 = 6% 6.20 mhodm £ 6 %
Body TSL temperature change during lest =0.5C ——

SAR result with Body TSL at 5750 MHz

SAR averaged over 1 em” (1 g) of Body TSL Candition
SAR mpasurad 100 MW Inpasl povwer TED Wikg
SAR far nominal Body TSL parametsrs nomalized 1o 1W T7.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 om® (10 g) of Body TSL sonditian
SAR measured 100 mW inpil powar 218 Wik
SAR for nominal Body TSL parameaters renrmalized to 1 21.8 Wikg = 19.5 % (k=2)

Coartificate Mo: DSGHZVE-1167_JuliT
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transioemed 1o lesd point 48.20-11.7K

Returm Loss - 18.4 Bt
Antenna Parameters with Head TSL at 5600 MHz

Impadanca, translommed |o fed poen BESD-BT

FAmturn Loss -21.2d8
Antenna Parameters with Head TSL at 5750 MHz

Imgredancn, trmnslommed 1o feed poim BM20-92|0

Feturn Loss - 20.3 dil
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transiemed (o leed poin 48012 -8T |0

Ratum Loss - 200 dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transtormad to leed paint BEGL-63 0

Aatumn Losa 214 1B
Amtenna Parameters with Body TSL at 5750 MHz

Impedanca, iranstormad o fead point 56.0 1 - BT 0

Fastiien Loss « 20.0 dB
General Antenna Parameters and Design

Electrical Delay (ona direcion) 1,199 na

Aftarr lowug herm use with 100W radisted power, anlya slight warming of the dipols nasar the lesdpoint can be measumed.

The dipole is made of standard semaigid coaxial cable. The conter conductor of the leeding Yine is dirsetly connectad 1o tha
sacond am of the dipola. Thi antenna is thersfore shor-circulied for DC-signals. On some of the dipotes, small end caps
are added to the dipale arms in odar o improve matching whn Inaded scoonding to The posion i axplnined in ha
*‘Measurement Conditions® paragraph. The SAR data e not alfocted by this change. The overal dipals length ks st

eeoording o the Slanderd
Mo excecsive loree must ba appiied to tha dipole arms, becausse they might band o the soldered conneciions near s
teadpain may be dpmaged,
Additional EUT Data
Manubacturad by SPEAG
Manulzciurad on Diotobar 30, 2013

Cardicate Moo DSGHZV2- 1167 _Julty
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DASYS5 Validation Report for Head TSL

Date: 25.07.2017
Test Laboratory: SPEAG, Zurich, Switzerlund

DUT: Bripole D5GHzVI; Type: DSGHzV2; Serial: DSGHzY2 - SN:1167

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency; 5750 MHz
Medium parameters used: [=35250 MHz; 0 = 4.56 S/m: & = 36.2; p = 1000 kgim' , Medium parameters
used: = 5600 MHz; o = 4.92 S/m; g, = 357, p = 1000 kgfm" , Medivm parumeters used: 1= 5750 MHz:; 6 =
5.08 S/m; & =35.5; p= 1000 kg/m"

Phantom section: Flal Section

Measurement Standard: DASYS (IEEEAEC/ANST C63.19-2011)

DASYS52 Configuration:

= Probe: EX3DV4 - SN3503; ConvHi5.58, 5.58, 5.38); Calibrated: 31,12,2016, ConvF{(5.09, 5.09,
5.00); Calibrated: 31.12.2016, ConvF(5.02, 5.02, 5.02); Calibrated: 31.12.2016;

«  Sensor-Surfuce; L 4mm (Mechanical Surisce Detection)

= Eleetronics: DAE4 Sn601; Calibrsted: 28.03.2017

* Phantom: Flat Phantom 5.0 (from); Type: QD 000 P50 AA; Serial: 1001
« DASYS2 52 10.0{1446); SEMCAD X 14.6, 1{T417)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, (=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Messurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Vilue = 68.85 Vim: Power Drifi = .08 dB

Peak SAR (extrapolated) = 29.6 Wikg

SAR(] g) =7.99 Wikg: SAR(10 g) =228 W/kg

Maximum value of SAR (measured) = | 7.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cuabe 0: Measurement grid: dx=4mm. dy=4mm, dz=1 4mm

Reference Value = 70,37 Vim; Power Drilt = -0.07 dB

Peak SAR (extrapolated) = 32.9 Wikg

SAR(I g) = 8.38 Wike; SAR(10 g) = 2.3% Wikg

Muaximum value of SAR (measured) = 193 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5750 MH2/Zoom Scan,
dist=L4mm (8x8x7)/Cube 0: Measurement grid: ds=tmm, dy=4mm, dz=1 4mm

Reference Valoe = 67,77 Vim; Power Dnft = -0.07 dB

Peak SAR (extrapolated) = 32.2 Wikg

SAR(I g) =8.07 Wikg: SAR(10 g) = 2.28 Wikg

Muximum value of SAR (measured) = 18.7 Wikg

Cartificate No: D5SGHEVE-1167_ kil17 Page 8 13
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Diate: 26.07.2017
Tesi Labocutory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serinl: DSGHzV2 - SN:1167

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f= 5250 MHz; o =3.52 S/m; 5= 47.3: p= 1000 kgfm’ , Medium parameters
uged: [= 5600 MMz: o = 5.99 S/m: &=46.7; p = 1000 wm' . Medium parameters used: [ = 5750 MHz; a =
6.2 8/m; g = 46.4; p = 1000 kgfm®

Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANST C63_19-201 1)

DASYS2 Conliguration:

= Probe: EXIDV4 - SNAS03; Convi(5.14, 5.14, 5.14); Calibeated: 31.12.2016, ConvFi4.57, 4,57,
4.57), Calibrated: 31.12.2016, ConvF(4 51, 4.5], 4:51); Calibrated: 31.12.2016¢

= Sensor-Surfsce: | 4mm (Mechanical Surface Deteetion)

=  Electronics: DAE4 So601; Calibrated: 28.03.2017

»  Phantom: Flat Phantom 5.0 (back): Type: QD 000 PSO AA; Serial: 1002
= DASYS2 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, [=5250MHz/Zoom Scan,
dist=1.4mm (Bx8x7)/Cube 0: Messurement grid: dx=4mm, dy=Amm. dz=1 4mm

Reference Value = 65.50 Vim: Powaer Drift = -0.06 4B

Peak SAR (extrapoluted) = 29.6 W/kg

SAR(L ¢) = 7.74 Wikg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 17.7 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =5600 MHzZoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Valve = 65.37 Vim; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 33.4 Wikg

SAR(] g) = 8.05 Wikg; SAR(10 g) = 2.26 W/kg

Miximum value of SAR {measured) = 8.9 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Messurement grid: dx=4mm, dy=dmm, de=1_4mm

Reference Value = 64,14 Vim: Power Drift = -0.08 dB

Peak SAR (extrapolated) = 33.6 Wikg

SAR(L g) = 7.8 Wikg: SAR(10 g) = 218 W/ke

Maximum value of SAR (measured) = 187 Wikg

Cenificaie Mo: DEGHIVE- 1167 _Jul1 7 Paga 1101 13
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CALIBRATION LABORATORY Rl
L AN CALIBRATION
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China “, A “\s\

Tel: +86-10-62304633-2218  Fax: +86-10-62304633-2209 Tl CNAS L0570
E-mail: cttl@chinattl.com Http://www.chinattl.cn
Client : Sporton International INC Certificate No: Z17-97205

GALIBRATION CERTIFICATE

Object DAE4 - SN: 1358

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acqqisition Electronics
(DAEX)

Calibration date: October 24, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+3)c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Process Calibrator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
Name Function ) Signaturg

Calibrated by: Yu Zongying SAR Test Engineer nd Dt

Reviewed by: " Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

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

Certificate No: Z17-97205 Page 1 of 3
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Http://www.chinattl.cn

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.

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

Certificate No: Z17-97205 Page 2 of 3
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Sl CALIBRATION LABORATORY

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

Tel: +86-10-62304633-2218
E-mail: ctti@chinattl.com

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

full range =

Fax: +86-10-62304633-2209
Http://www.chinattl.cn

-100...+300 mV
full range = 1o +3mV
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

Calibration Factors

X

Y ¥4
High Range 403.474 £ 0.15% (k=2) | 403.509 + 0.15% (k=2) | 403.510 £ 0.15% (k=2)
Low Range 3.96147 £ 0.7% (k=2) | 3.98783+0.7% (k=2) | 3.99209 £ 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

134°t1°

Certificate No: Z17-97205

Page 3 of 3
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| Object

Calibration Procedure(s)

t Cahbratl _n Procedure for ‘he Data Acqwsntnon Electromcs
(DAEX) L | §

Calibration date: ‘~‘DeCembéﬂ"r 19‘,.,2‘,031,7“_’

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Process Calibrator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
Name Function . Signature

Callbrated by: Zhaoding ~ SARTestEngineer .

Approved by: _QiDianyuan  SAR Project Leader -

Issued: December 22, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97269 Page 1 of 3
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E-mail: cttl@chinattl.com Http://www.chinattl.cn
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: Z17-97269 Page 2 of 3
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209

E-mail: cttl@chinattl.com Hitp://www.chinattl.cn
DC Voltage Measurement
A/D - Converter Resolution nominal -
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = o ST +3mV

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

X Y

Calibration Factors

z

403.452 £ 0.15% (k=2)

404.893 + 0.15% (k=2)

High Range 405.569 + 0.15% (k=2)
Low Range 3.96471 £ 0.7% (k=2) - 3.99229 + 0.7% (k=2) | 4.01287+0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

36.5°+1°

Certificate No: Z17-97269 Page 3 of 3
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Y CALIBRATION
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China "/,,m‘\\\‘ CNAS L0570
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209 i

E-mail: ctti@chinattl.com Http://www.chinattl.cn
Client 'Sporton International INC Certificate No: Z17-97257

Object EX3DV4 - SN:3935

Calibration Procedure(s) FF-Z211-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: December 14, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z91 | 101547 27-Jun-17 (CTTL, No.J1 7X05857) Jun-18
Power sensor NRP-Z91 | 101548 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Reference10dBAttenuator | 18N50W-10dB 13-Mar-16(CTTL,No.J16X01547) Mar-18
Reference20dBAttenuator | 1 8N50W-20dB  13-Mar-1 6(CTTL, No.J16X01548) Mar-18
Reference Probe EX3DV4 | SN 7464 12-Sep-17(SPEAG,No.EX3-7464_Sep17) Sep-18
DAE4 SN 549 13-Dec-16(SPEAG, No.DAE4-549_Dec16) Dec -17
DAE4 SN 1524 13-Sep-17(SPEAG, No.DAE4-1 524_Sep17) Sep-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 27-Jun-17 (CTTL, No.J17X05858) Jun-18
Network Analyzer E5071C | MY46110673 13-Jan-17 (CTTL, No.J17X00285) Jan -18

Name Function

Calibrated by: Yu Zongying SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

' Issued: December 16, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97257 Page 1 of 11
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Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cyc|e) of the RF signal
AB,C,D modulation dependent linearization pParameters

Polarization ¢ ® rotation around probe axis

Polarization 6 8 rotation around an axis that is in the plane normal to probe axis (at measurement center)

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1628-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques”, June 2013

b) IEC 62209-1, ‘Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
\l}alndz-g?lsd and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)”,

uly

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
<218\1/iges used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March

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

Methods Applied and Interpretation of Parameters:

* NORMx,y,z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; f>1800MHz: waveguide).

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

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

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

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

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

o Ax)z Bxyz Cx,y,z;VRx, ¥%,2:A,B,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fS800MHz) 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.
These parameters are used in DASY4 software to Improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF, A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

®  Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

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

Certificate No: 217-97257 Page 2 of 11
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Probe EX3DV/4

SN: 3935

Calibrated: December 1 4, 2017
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: 217-97257 Page 3 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3935

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uV/(Vim)?)A 0.48 0.54 0.49 +10.0%
DCP(mV)? 104.4 104.3 106.1

Modulation Calibration Parameters

uID Communication A B c D VR Unct
System Name dB dBvVuvV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 162.8 | +2.2%
Y 0.0 0.0 1.0 176.1
4 0.0 0.0 1.0 165.6

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%.

AThe uncertainties of Norm X, Y, Z do not affect the E%field uncertainty inside TSL (see Page 5 and Page 6).
® Numerical linearization parameter: uncertainty not required.

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

Certificate No: Z17-97257 Page 4 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3935

Calibration Parameter Determined in Head Tissue Simulating Media

R . . G

f [MHz]° Pe':r:':t’:i'v";yF C°"‘:;l°r:;":y ConvF X | ConvF Y | ConvF Z | Alpha® D(emp;'; ::(::t)

750 419 0.89 1068 | 1068 | 1068 | 040 | 070 |+121%
835 415 0.90 1036 | 1036 | 1036 | 010 | 167 |+121%
900 415 0.97 1022 | 1022 | 1022 | 016 | 129 |[£121%
1750 40.1 137 8.85 8.85 885 | 022 | 1.08 | £12.1%
1900 40.0 140 8.41 8.41 841 | 026 | 094 |+121%
2000 40.0 140 8.41 8.41 841 | 028 | 090 | £121%
2300 39.5 167 8.39 8.39 839 | 044 | 079 |+121%
2450 39.2 1.80 7.87 7.87 787 | 053 | 073 | £12.1%
2600 39.0 1.96 7.67 7.67 767 | 060 | 068 |+121%
5200 36.0 4.66 5.91 5.91 591 | 035 | 150 |+133%
5300 35.9 476 5.63 5.63 563 | 035 | 150 | £133%
5500 35.6 4.96 5.29 5.29 520 | 035 | 160 | +133%
5600 35.5 5.07 5.08 5.08 508 | 035 | 160 | £13.3%
5800 35.3 5.27 5.15 5.15 515 | 040 | 140 | +133%

¢ Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to £ 110 MHz.

FAt frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
GAIpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below t 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z17-97257 Page 5 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3935

Calibration Parameter Determined in Body Tissue Simulating Media

N G

f [MHz]° P:r:'i:::v"i‘:y,, C°"°(';l°r:;"Fty ConvF X | ConvF Y | ConvF Z | Alpha® D(::’:; ::(::;

750 55.5 0.96 1065 | 1065 | 1065 | 040 | 080 |+127%
835 55.2 0.97 1033 | 1033 | 1033 | 047 | 141 |2121%
1750 53.4 149 8.71 8.71 871 | 026 | 099 | +12.1%
1900 53.3 152 8.30 8.30 830 | 016 | 139 |+121%
2300 52.9 181 8.10 8.10 810 | 032 | 116 | +12.1%
2450 52.7 195 7.99 7.99 799 | 029 | 125 |+12.1%
2600 52.5 2.16 7.71 7.71 771 | 039 | 095 |x121%
5200 49.0 5.30 5.41 5.41 541 | 045 | 130 | £13.3%
5300 489 5.42 5.20 5.20 520 | 040 | 130 | £133%
5500 486 5.65 4.62 462 462 | 040 | 170 | *133%
5600 485 5.77 4.51 451 451 | 045 | 155 |+133%
5800 482 6.00 4.64 464 464 | 058 | 1.07 | £133%

¢ Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to + 110 MHz.

FAt frequency below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (eand o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
GAIpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below £ 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: 17.4% (k=2)

Certificate No: Z17-97257 Page 7 of 11



fAG’ In Collaboration with
W77L s p e a g
“Sles~  CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209

E-mail: ctti@chinattl.com Hittp://www.chinattl,cn
Receiving Pattern (@), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: +1 2% (k=2)
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Uncertainty of Linear
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f=850 MHz, WGLS R9(H_convF)

Conversion Factor Assessment
f=1750 MHz, WGLS R22(H_convF)

Certificate No: Z17-97257
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Uncertainty of Spherical Isotropy Assessment: £3.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3935

Other Probe Parameters

Sensor Arrangement Triangularj
Connector Angle (°) 422
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
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Calibration Laboratory of f@

! S Schweizerischer Kalibriesdiensi
Schmid & Pariner — G Service sulsse diislonnage
Engiunr!ngAG Sarvizia pvizzen & ratura
Zoughsussbrasss 43, BI04 Zusich, Switzorland 1-"";_""* O i it Buaviee
iy
Acoimckied by the Swan Acredtalion Servce (SAS) Aecreditsiion Mo SCS 0108
The Swiss Accrodéiation Service |s ane of the signainrdes fo the EA
Bduizilaternl Agreamont for the recogniiion of caliralion cenilkcates
Glossary:
TSL lssue simulatng lquid
HORM.y.z eansifivity In free space
ConvF sengiivity in TSL / NORMx.y.z
ocP diode compression point
CF crest factor (1iduty_oycle) of the RF signal
A B C D modulakion dependon linearization parameaters
Palarization ip ip rataticn arownd probe axis
Paolarizalion & & rodation around an axis that @5 in e plane nommal o probe axis (81 Messurement camler),
La,, & =10 is normal 10 proba axis
Comneclor Angle information used in DASY aystem (o align probe sangor X, fo the robot coordinate aystam

Calibration is Performed According to the Following Standards:

a)

b)
€]

dj

IEEE S1d 1528-2013, "IEEE Recommended Practice for Datermining the Peak Spallsl-Avaragad Spacific
Absomption Raie [(SAR]) in the Human Head from Wireless Communications Devicas: Messurpmisn
Tochmigquas”, Jumns 2013

IEC §2208-1, *, "Measurement procedure for the assessment of Specific Absorplion Rate (SAR) from hand-
held and body-mounted devices used nexd o the ear (frequency range of 300 MHZ to & GHz)", July 2016

IEC 623082, "Protedurs to detarming he Specific Absorption Rabte (SAR] for wirelesa commumication devices
usad in close proxamity to the human body (frequency range of 30 MHz to 6 GHz)", March 2080

KOB BBSG64, "SAR Measurament Requiremeants for 100 MHz o & GHE"

H&'l!ludﬁ Applied and Interpretation of Parameters:

NORM: .z Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-celt; f > 1800 MHz: R22 waveguide).
NORMy,y,z are only intermadiate valses, Le., the uncortainties of NORM:x,y,2 doss not affect the E7-field
uncerainly inside TEL isee below ComeF),

NORM{x.y. 2 = NORMx.y.z * frequancy_response (see Froquency Response Chart). This linearization is
implemanted in DASY4 software versions later than 4.2, The uncesrtainty of the frequancy msponse © ncluded
in the siated uncerainty of ComF,

DCPy . r DCP are mamencal (ineanzation paremelsrs assestod based on fhe data of power sweep with CW
signal {no uncerainty required), DCP doas not depend on freguency nor madia,

PAR: PAR s the Peak 1o Average Ratio that is not calibrated but determined based on the signal
charaoterstics

A,y z; By.y.r: Cuyz; Ony.z VR .z A B, C, D are numerical inearization paramelers assessed based on
the data of power sweep for specifc modulation signal. The parameters do not depend on fraquency noe
media. VIR ia the maximum cafibration range expressed in RMS vollage across the diode.

ConvE and Boundary Effect Parameters: Assessed in fial phantom using E<Reld (or Termperature Transfer
Slandand for < 800 MHz) and inside waveguida using analitical held distributions based on power
measurements for [ > A00 MHz. The same sstups sre used for aesessmont of he paramaters applied for
boundary compenaaton {alpha, dapin) of which typical unceralnty valuss are given. Thess parameters ars
usad in DASY4 software o iImprove probe sccuracy close 10 the boundary, The sansitivity in TSL comespontds
o NORMx,y.2 * ConvF wherely the uncertainty corresponds to thal givan for ConvF. A fraquency dependent
ConvF is used in DASY varsion 4.4 and higher which aliows extending the validity from £ 50 MHz to 4 100
MHz.

Sphevical isciropy (30 deviation from sotrapy); in a field of low gradients realized wemg a fist phaniom
axposed by a paich amenna,

Sansor Offset: The sensor offssl cormespands to the offset of wWinual measurement cantar frem the proba Eip
{on probe axis). No toderance required.

Connecfor Angle: The angle is assessed using tha informafion gained by detarmining the NORMx (no
uncertainty requirad},

Comificats MNo: EX3-3811_ Mo 1T Fage 2ol 11



EXI0NVE - 5M:aa 1 Nowamber 38, 2017

Probe EX3DV4

SN:3911

Manufactured:  September 4, 2012
Repaired: November 23, 2017
Calibrated: November 28, 2017

Calibrated for DASY/EASY Systems

{Mode: non-com patible with DASY2 system!)

Carfilabe Mo EXI3-3811_Novi? Page 3.al 11



EXIDVa- SH-a811 Movemlser 28, 2517

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Basic Calibration Parameters
Sensor X Bansor ¥ _Sansor Z Una fh=2}
Norm (uViVim}'y 0.3 035 0.46 + 101 %
DCP {mV) 106.3 687 __BA9
Modulation Calibration Parameters
[ i | Communication System Hame A B c D VR Unc'
a8 | asviv aB_| wv | Ge2)
o cw x| o0 0o 1.0 006 | 1500 | £33%
Y| oo oo 1.0 1513
Z .0 oo 1.0 1589

The ried uncertainty of measuremant is stated as the standard uncertainty of measurement

mulliplied by the coverage factor k=2, which for & normal distribution corresponds to a covera
probability of ammﬂtaaly 05%. »

« The urcarisictios of Narm 4., 2 do not slect e E£'-fieid uncomanty insice TS1 {sse Fages & sod §)

¥ Mumerical ineanzalion paramaler uncarsinty nol et

:wihn-mrml teterrninad usng i Maa. diniton om inee respoess aplying recianguior disiREADn &nd is saprmsed for the sz of Pw
Wl

—
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EX3Dva- SN:3911 Movamber 28 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Calibration Parameter Determined in Head Tissue Simulating Media

i v M' w ConwFX | ConvF ¥ | ConvFZ | Alpha® mﬂ :ﬂgl
750 419 0.8 11.04 1104 | 1104 | 048 | 087 | 2120%
835 415 0.80 1030 | 1030 | 1030 | o041 | 0B | +120%
900 415 .07 5.91 aa1 881 043 | 085 | +120%
1750 40.1 1.37 B.61 BE1 B.61 038 | 080 | #120%
1900 40.0 1.40 831 | &al B31 | 040 | 080 | 3120% |
2000 40.0 1.40 8.23 8.23 B23 | 03 | 08B0 | 2120%
2300 9.5 1.67 786 7HE | 788 030 | 085 | £120%
2450 39.2 1.80 7.53 7.53 753 | 035 | o080 | s120%
2600 38.0 1.98 7132 7.32 T32 | 033 | 087 | £120%
5250 358 _AT 5.25 525 5.25 035 | 180 | £131%
5600 355 5.07 4,60 4.60 4.60 040 | 180 | £134%
5750 354 522 4.83 4.93 493 040 | 180 | +£131%

“mmmmmﬁﬂ't1ﬂﬂ‘ﬂ'ﬂﬂﬂh‘ﬂﬂhﬂﬂﬂ'ﬂ-1-ﬂmtﬂhihmllmlﬂhi B MMz The
i the FRES ol the Cor® mﬁwtmmlrﬁhmﬁqhmkmmmﬁwmm

befow 300 MHE I8 + 10, 25, 40, S0and 7 MHZ for o sassasmonis at 30 64, 120, 150 sl 320 M respsectivedy, Abave 5 Gz negusnoy
wileily can be extonoied fo & 150 MHE
‘Mmmlﬁmﬂﬂvﬂmw‘hﬂmmum—nm:1nimmmumm
mesasirad SAH valus, &1 Inquencies above 3 GHz. (e validily of lsaue peramaters {r @nd o) i restricied b+ 5% Thi cariamty = ihe RS of
the ComF uncarainty for indicated fAgel s parsmelars.

Aiphalllepth ane desemingd during calbraton. SPEAC swivanis (hat I remaining delatase el 1 Iba boundany sffect afor compensaton =
hﬂlhﬁﬂﬂ 1% for Trequances Bsliw 3 GHE ardd Biskew + 2% dor iregquunc ies beleeen 3.0 GiHz @i Any dislaree langer than hall 1he probe iy
tamesler The boastan

Cerlilicate Mo: EX3-3511_Now1T Page 500 11



ExX30VE- Shi:an11 Mrvamber 28, 2047

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Calibration Parameter Determined in Body Tissue Simulating Media

Mﬁr'___@nr ComvE X | ConvF ¥ | ComFZ | Alpha® m' mu"-:;.
150 56.5 0.08 10.27 1027 1027 | 653 | 080 | #120%
B35 55.2 0.97 10.08 10,08 1008 | 050 | 080 | #120%
1750 534 1.49 B.28 8.28 B.28 038 | 080 | $120%
1900 53.3 1.52 8.02 B.02 B.02 038 | 085 | £120%
2300 52.0 1.81 7.78 7.78 7.78 041 | 080 | +120%
2450 52.7 1.95 1.68 7.68 7.68 038 | 080 | +120%
2600 525 2.16 1.37 7.37 7.37 D24 | o088 | x120%
5250 4.9 536 4.80 4.80 4,80 0,40 190 | 2131%
5600 485 577 4.12 412 4.12 040 | 100 | #134%
5750 483 5.54 423 423 423 045 | 190 | +131%

E Frequency validity atame 300 MHz of 2 100 MHS anky spohies i CIASY w4 ared highes (e Paos T}, olse § 5 resivcted fo 2 50 MHz The

5 M FSS ol e Corrf uncartainty ni calbration begueecy and ke uncenainty ke ihe indcatéd heguancy barel. Froquancy vasdity
betow 300 MHz 15 + 10, 25, 40, 50 and 70 MHz for ConvF ssssscments af 30, 64, T28, 150 and 720 MHz respeciively, Above 5 GH2 trequency
vy £an-be sxliedisd o ¢ 190 Mz
" Al frequercies bekow 3 GHz. fhe vaitily of lissun paramatses (e sed o) caa be mined 10 ¢ 10% # bguid corpensation formas i applsd 10
issdiited SAR vahim. Al hequoncies aboen 3 GHa, he welidly of s paramelers (o and o) B iesirciod o 2 5% The wreartniny & ihe 255 o
thw SonvF amcartsinty lor mdicated longsl lesus parameisin.
'anmmmmmmmmmumhmmwmu
Blwnys e than + 1% for relunncss bednw 3 GHe srd balow + 3% lor requancies betwonn 3.6 GHE @ any dissecs Siger Bwn hall ks probe e
dininekar fram 1he Boumdarg
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EXION - BM-3811 Movesmbiar 20, 2077

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uneertainty of Frequency Response of E-field: £ 6.3% (kw2)
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EX30Y4— Sh:3911 Hovemter 28, J017

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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EXIDvid- SNaeN November 28, 2017

Conversion Factor Assessment

f = B35 MHZ WGLS RS (H_comvF) I'= 1900 MHz WGLE R22 [H_comF)
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Deviation from Isotropy in Liquid
Error (, 8), f= 900 MHz

L ELE_T 1]

Devidiion
sbapdoonn

Dﬁ,'nn.-f-]

‘40 08 -08 04 02 00 02 O4 D8 OB 10
Uncertainty of Spherical Isotropy Assessmant: + 2.8% (k=2)
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EXI0V4- 5N:391 1 Hovirmibar 28, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Other Probe Parameters

Sensor Arangement Triangular
Conneclor Angle (") 344
Mechanical Surface Detection Mods enabled
Ophcal Surtace Datection Mode disabled
Probe Overall Length 337 mm
Probe Body Diamelsr 10 mm
Tip Langth @ mm
Tip Dlameter Z5mm
Probe Tip to Senser X Calibrabon Paint 1 mm
"Frobe Tip to Sensor ¥ Calibrabon Point T mm
Probe Tip to Sensor £ Calibration Paint 1 mim
Recommended Maasurament Distance from Surface 1.4 mm

Carlificaibe Mo EX3-3811_Nevi1T Prga 11 of 19
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