Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.6.7

15 WLAN2.4GHz_802.11b 1Mbps_Back_10mm_Ch11

Communication System: UID 0, 802.11b (0); Frequency: 2462 MHz;Duty Cycle: 1:1.025

Medium: HSL 2450 Medium parameters used: f = 2462 MHz; 6 = 1.872 S/m; ¢, = 38.406; p = 1000
kg/m’

Ambient Temperature : 23.3 °C; Liquid Temperature : 22.7 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(7.06, 7.06, 7.06); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (81x91x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.310 W/kg

Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 5.096 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 0.485 W/kg

SAR(1 g) = 0.247 W/kg; SAR(10 g) = 0.120 W/kg

Maximum value of SAR (measured) = 0.318 W/kg

-4.61
-9.22
-13.84

-18.45

-23.06

0dB=0.318 W/kg = -4.98 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.6.7

16_Bluetooth_1Mbps_Back _10mm_Ch39

Communication System: UID 0, Bluetooth (0); Frequency: 2441 MHz;Duty Cycle: 1:1.302
Medium: HSL 2450 Medium parameters used: f = 2441 MHz; 6 = 1.848 S/m; &, = 38.491; p = 1000
kg/m’

Ambient Temperature : 23.3 °C; Liquid Temperature : 22.7 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(7.06, 7.06, 7.06); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (81x91x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.0392 W/kg

Zoom Scan (7x8x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 1.657 V/m; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 0.0580 W/kg

SAR(1 g) = 0.028 W/kg; SAR(10 g) =0.013 W/kg

Maximum value of SAR (measured) = 0.0347 W/kg

-10.00

-20.00

-30.00

-40.00

-50.00

0 dB =0.0347 W/kg = -14.60 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.5.20

17_GSM850_GPRS (2 Tx slot) Back 10mm_Ch189

Communication System: UID 0, GSM850 (0); Frequency: 836.4 MHz;Duty Cycle: 1:4.15

Medium: HSL_835 Medium parameters used: f= 836.4 MHz; 6 = 0.903 S/m; &, = 41.221; p = 1000
kg/m’

Ambient Temperature : 23.3 °C; Liquid Temperature : 22.6 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(9.07, 9.07, 9.07); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM1; Type: SAM; Serial: TP-1839

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (71x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.433 W/kg

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 22.40 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 0.494 W/kg

SAR(1 g) = 0.388 W/kg; SAR(10 g) = 0.302 W/kg

Maximum value of SAR (measured) = 0.426 W/kg

-1.48

-2.97

-4.4%

-h.94

-7.42

0 dB =0.426 W/kg = -3.71 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.5.21

18_GSM1900_GPRS (4 Tx slot) Back 10mm_Ch512

Communication System: UID 0, PCS (0); Frequency: 1850.2 MHz;Duty Cycle: 1:2.08
Medium: HSL 1900 Medium parameters used: f = 1850.2 MHz; 6 = 1.391 S/m; & = 40.658; p =

1000 kg/m’
Ambient Temperature : 23.2 °C; Liquid Temperature : 22.8 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(7.67, 7.67, 7.67); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (71x71x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.964 W/kg

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 9.291 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 1.38 W/kg

SAR(1 g) =0.797 W/kg; SAR(10 g) = 0.446 W/kg

Maximum value of SAR (measured) = 0.974 W/kg

db
]

-3.79

-F.57

-11.36

-15.14

-18.93
0dB=0.974 W/kg =-0.11 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.5.20

19 WCDMA V_RMC12.2Kbps_Back 10mm_Ch4182

Communication System: UID 0, WCDMA (0); Frequency: 836.4 MHz;Duty Cycle: 1:1

Medium: HSL 835 Medium parameters used: f= 836.4 MHz; 6 = 0.903 S/m; er =41.226; p = 1000
kg/m’

Ambient Temperature : 23.3 °C; Liquid Temperature : 22.6 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(9.07, 9.07, 9.07); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM1; Type: SAM; Serial: TP-1839

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (71x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.480 W/kg

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 22.06 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 0.698 W/kg

SAR(1 g) = 0.419 W/kg; SAR(10 g) = 0.252 W/kg

Maximum value of SAR (measured) = 0.486 W/kg

-2.60

-5h.20

-f.79

-10.39

-12.99

0 dB = 0.486 W/kg = -3.13 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.5.21

20 WCDMA II_RMC12.2Kbps_Back _10mm_Ch9262

Communication System: UID 0, WCDMA (0); Frequency: 1852.4 MHz;Duty Cycle: 1:1
Medium: HSL 1900 Medium parameters used: f = 1852.4 MHz; 6 = 1.394 S/m; er = 40.646; p =

1000 kg/m’
Ambient Temperature : 23.2 °C; Liquid Temperature : 22.8 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(7.67, 7.67, 7.67); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (71x71x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.08 W/kg

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 10.76 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 1.59 W/kg

SAR(1 g) =0.936 W/kg; SAR(10 g) = 0.529 W/kg

Maximum value of SAR (measured) = 1.14 W/kg

-3.66

-F.32

-10.99

-14.65

-18.31

0dB = 1.14 W/kg = 0.57 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.5.24

21_LTE Band 7_20M_QPSK_1RB_0Offset Back_10mm_Ch21350

Communication System: UID 0, LTE-FDD (0); Frequency: 2560 MHz;Duty Cycle: 1:1

Medium: HSL 2600 Medium parameters used: f = 2560 MHz; 6 = 1.917 S/m; &, = 40.204; p = 1000
kg/m’

Ambient Temperature : 23.4 °C; Liquid Temperature : 22.7 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(6.9, 6.9, 6.9); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (91x91x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 1.57 W/kg

Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 13.64 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 2.26 W/kg

SAR(1 g) =0.999 W/kg; SAR(10 g) = 0.480 W/kg

Maximum value of SAR (measured) = 1.67 W/kg

Zoom Scan (7x7x7)/Cube 1: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 13.64 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 1.89 W/kg

SAR(1 g) = 0.962 W/kg; SAR(10 g) = 0.443 W/kg

Maximum value of SAR (measured) = 1.55 W/kg

-4.51

-9.1

-13.52

-18.02

-22.53

0dB=1.55 W/kg =1.90 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.5.24

22 LTE Band 38 20M_QPSK_IRB_00ffset Back_10mm_Ch38000

Communication System: UID 0, LTE-TDD (0); Frequency: 2595 MHz;Duty Cycle: 1:1.59
Medium: HSL 2600 Medium parameters used: f = 2595 MHz; 6 = 1.95 S/m; & = 40.063; p = 1000
kg/m’

Ambient Temperature : 23.4 °C; Liquid Temperature : 22.7 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(6.9, 6.9, 6.9); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (81x91x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.971 W/kg

Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 9.972 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 2.02 W/kg

SAR(1 g) = 0.809 W/kg; SAR(10 g) = 0.366 W/kg

Maximum value of SAR (measured) = 1.06 W/kg

Zoom Scan (7x7x7)/Cube 1: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 9.972 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 1.41 W/kg

SAR(1 g) = 0.695 W/kg; SAR(10 g) = 0.354 W/kg

Maximum value of SAR (measured) = 0.861 W/kg

-A.77
-9.54
-14.30

-19.07

-23.84

0dB=0.861 W/kg =-0.65 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.6.7

23 WLAN2.4GHz_802.11b 1Mbps_Back_10mm_Ch11

Communication System: UID 0, 802.11b (0); Frequency: 2462 MHz;Duty Cycle: 1:1.025

Medium: HSL 2450 Medium parameters used: f = 2462 MHz; 6 = 1.872 S/m; ¢, = 38.406; p = 1000
kg/m’

Ambient Temperature : 23.3 °C; Liquid Temperature : 22.7 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(7.06, 7.06, 7.06); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (81x91x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.310 W/kg

Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 5.096 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 0.485 W/kg

SAR(1 g) = 0.247 W/kg; SAR(10 g) = 0.120 W/kg

Maximum value of SAR (measured) = 0.318 W/kg

-4.61
-9.22
-13.84

-18.45

-23.06

0dB=0.318 W/kg = -4.98 dBW/kg



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2020.6.7

24 Bluetooth_1Mbps_Back_10mm_Ch39

Communication System: UID 0, Bluetooth (0); Frequency: 2441 MHz;Duty Cycle: 1:1.302
Medium: HSL 2450 Medium parameters used: f = 2441 MHz; 6 = 1.848 S/m; &, = 38.491; p = 1000
kg/m’

Ambient Temperature : 23.3 °C; Liquid Temperature : 22.7 °C

DASYS Configuration:

- Probe: EX3DV4 - SN3843; ConvF(7.06, 7.06, 7.06); Calibrated: 2019.9.26

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

- Electronics: DAE4 Sn1338; Calibrated: 2019.11.20

- Phantom: SAM2; Type: SAM; Serial: TP-1503

- Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14 (7483)

Area Scan (81x91x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.0392 W/kg

Zoom Scan (7x8x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 1.657 V/m; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 0.0580 W/kg

SAR(1 g) = 0.028 W/kg; SAR(10 g) =0.013 W/kg

Maximum value of SAR (measured) = 0.0347 W/kg

-10.00

-20.00

-30.00

-40.00

-50.00

0 dB =0.0347 W/kg = -14.60 dBW/kg



SPORTON LAB. FCC SAR TeSt Report Report No. : FA043012

Appendix C. DASY Calibration Certificate

The DASY calibration certificates are shown as follows.

Sporton International (Kunshan) Inc.

TEL : +86-512-57900158 / FAX : +86-512-57900958 Issued Date : Jul. 02, 2020

Page C1 of C1 .
FCC ID : ZNFK200EMW Form version. : 181113
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Client Sporton Certificate No:  Z19-60082
CALIBRATION CERTIFICATE
Object DB35V2 - SN: 4d151
Calibration Procedure(s) FF-Z11.003-01

Calibration Procedures for dipole validation kits

Calibration date: March 27, 2019

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(5/). The measurements and the uncerainties with confidence probability are given on the following
pages and are part of the cerfificate.

All calibrations have been conducled in the closed labaoratory facility: environment temperature(22+3)¢ and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibratad by, Certificate No.) Scheduled Calibration
Power Meler NRP2 108277 20-Aug-18{CTTL, No.J1BX0BBE2) Aug-19
Power sensor NRPES 104291 20-Aug-18 (CTTL, No.J1BX06862) Aug-19
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG No EX3-3617_Jan19) Jan-20
DAE4 SN 1331 06-Feb-19(SPEAGN0.DAE4-1331_Feb19) Feb-20
Secondary Standards ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J18X00336) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00547) Jan-20

Name Function Sigrature

Callbrated by: Zhao Jing SAR Test Engineer -é {

Reviewed by: Lin Hao SAR Tes! Engineer ﬁr -?ny

Approved by: Qi Dianyuan SAR Project Leader %

Issued: March 30, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Cerificate No: Z19-60082 Page 1 of 8
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A nol 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
8GHz)", 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 8GHz)", March 2010

d) KDBB65664, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
e) DASY4/5 System Handbook

memuds Applied and Interpretation of Parameters:

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

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

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

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

+ SAR measured; SAR measured at the stated antenna input power.

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

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

The reported 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 appmxlmataly 95%.

Certificate No: Z19-60082 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 52102 1495
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dy, dy, dz =5 mm
Frequency 835 MHz + 1 Mz
Head TSL parameters
The fellowing paramelers and calculations were applied.
Temperaiure Permittivity Conductivity
Nominal Head TSL parametars 220"C 415 0.80 mhofm
Measured Head TSL paramoeters {220+02)*C 427+6% 0.93 mho/m + 6 %
Head TSL temperature change during test <1.0°C — -
SAR result with Head TSL
SAR averaged over 1 ¢m' (1 g) of Head TSL Cendition
SAR measured 250 mW inpul power 2.36 Wikg
SAR for nominal Head TSL parametars normalized to 1W 9.30 Wikg £18.8 % (k=2)
SAR averaged over 10 em’ {10 g) of Hoad TSL Caondilion
SAR measured 250 mW inpul power 1.56 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.16 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 56.2 0.87 mha/m
Measured Body TSL parameters (22.0+02)°C 56.7+£6% 0.94 mho/m 4+ 8 %
Body TSL temperature change during test <i.0°C — —_—
SAR result with Body TSL
SAR averaged over 1 ¢m (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.32 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.53 W /kg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 1.52 Wika
SAR for nominal Body TSL paramelers normalized to W 6.20 Wikg £ 18.7 % (k=2)

Certificate No: Z19-60082

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

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 50.80- 3280
Return Loss - 28.5d8

Antenna Parameters with Body TSL

Impedance, transformed (o fead paint 48, 70- 3,88i0
Return Loss - 25.5d8

General Antenna Parameters and Design

Electrical Defay (one direction) 1.253 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint carn
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 nol
affected by this change. The overall dipole length is still according to the Standard.

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

Additional EUT Data

Manmufaciured by SPEAG

Centificate No: Z19-60082 Page 4 of 8
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DASYS Validation Report for Head TSL
Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: DB35V2; Serial: DB3SV2 - SN: 4d151

Dare: 03.26.2019

Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cyele: 1:1
Medium parameters used: £= 835 MHz; 6 = 0.925 S/m; & = 42.68; p = 1000 kg/m3

Phantom seetion: Right Section
DASYS Configuration:

« Probe: EX3DV4 - SN3617; Convl(9.75, 9.75, 9.75) (@) 835 MHz; Calibrited:

1/31/2019

= Sensor-Surface: | 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Snl331; Calibrated: 2/6/2019
o  Phantom: MFP_V5.1C ; Type: QD 000 PSICA; Serial: 1062

« Measuremént SW: DASYS2, Version 52.10(2): SEMCAD X Version 14.6.12

(7450)

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

dy=5mm, dz=5mm

Reference Value = 57,34 Vim: Power Drift = 0,00 d3

Peak SAR (extrapolated) = 3.55 Wikg
SAR(1 g) = 2.36 Wikg; SAR(10 g) = 1.56 W/kg
Maximum value of SAR (measured) = 3.14 W/kg

-3.98
-5.98

-1.97

0 dB = 3.14 W/kg = 4,97 dBW/kg

Cerniffcute No: Z19-60082 Page S ol 8
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Impedance Measurement Plot for Head TSL

V71 €1 Log Wag 10, 69987 Wef 6,000 [Fi)

0. 00 -
*1 B35. 00000 MRz <20, 486 db

R, M
0. 0
+0. 00
10.140
0, 400
SR
-0, M} 5
- 0. Bl

Al 00

-50.4n L A —
R =11 wmith (Re)x) Zeale 1.000U [FL Gl

Pl B35,00000 WMz 50,823 0 <3.2828 0 S8.0GL-pFT 0

Certificate No: 219-60082 Page 6.of 8

s 1038 s



r\ In Collaboraton with
&777 e
—
CALIERATION LABORATORY
Addd: No. 81 Xoeyunn Road, Haidian Bistrict. Beijing, 100191, China

Tel: «Ho-10-62304633-2079 P+ 8= HO230403 72504
-l ctlbnelimnl com bt fwvechinmtth en

DASYS Validation Report for Body TSL Date: 03.26.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d151
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: = 835 MHz: o= 0,944 S/m; &, = 56.66: p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

» Probe: EX3DV4 - SN3617; ConvF(9.61, 9.61, 9.61) @ 835 MHz: Calibrated:
1/31/2019
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn1331; Calibrated: 2/6/2019
o  Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062
Measurement SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)
Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm.
dy=5mm, dz=5mm
Reference Value = 56.03 V/im; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 3.53 W/kg
SAR(1 g) =2.32 W/kg; SAR(10 g) = 1.52 W/kg
Maximum value of SAR (measured) = 3.12 W/ikg

db
0

-2.04
-1.08
-6.13

-8.17

-10.21

0 dB = 3.12 W/kg = 4.94 dBW/kg

Cenificare No: 21960082 Page 7 of &
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Impedance Measurement Plot for Body TSL
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D835V2, Serial No. 4d151 Extended Dipole Calibrations

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

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

the calibration interval can be extended.

835V2 — serial no. 4d151

835 Head 835 Body
Real Imaginary Real Imaginary
Date of Return-Loss Delta Delta Delta Return-Loss Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2019.3.27 -29.3 52.4 -2.6 -27.7 51.6 -3.9
2020.3.26 -30.7 -0.05 49.0 3.44 -2.7 0.10 -24.9 0.10 50.6 0.94 -5.7 1.84

<Justification of the extended calibration>

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Dipole Verification Data> D835V2, serial no. 4d151
835MHz - Head

P

835MHz - Body

— - v py—— ) pr— — [Ep—]

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Add: No 51 X Road, Hakdian District, Beijing, 100191, China 2, CALIBRATION
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Client Sporton Certificate No: Z19-60085
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 5d170
Calibration Procedure(s) FF-211-003-01

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

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

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

Calibration Equipment used (M&TE critical for calibration)

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

Name Function Signature

Calfbrated by: Zhao Jing SAR Test Engineer g i,

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

s Qi Dianyuan SAR Project Leader =

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

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

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: Z19-60085

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

Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.068 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected o the second arm of the dipale. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Condilions” paragraph. The SAR data are not
affacted by this change. The overall dipole length is still according 1o the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z19-60083 Page 4 of &
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DASYS Validation Report for Head TSL Dute: 03.26.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54170
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz: o= 1.441 S/m: g, = 40.48; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

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

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

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

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

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

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

Reference Value = 97.54 Vim; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 18.9 Wikg

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

Maximum value of SAR (measured) = 15.6 Wikg

dB '
] |

-3.57
=113 |
-10.70

14.26 ‘
&

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

-17.83

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

Test Laboratory: CTTL, Beijing, China

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

DASYS Configuration:

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

« Sensor-Surface: L4mm (Mechanical Surface Detection)

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

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

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

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

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

Peak SAR (extrapolated) = 18.6 Wikg

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

Maximum value of SAR (measured) = 15.7 Wikg

= TS

-17.26

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

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

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

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

the calibration interval can be extended.

1900V2 — serial no. 5d170

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

<Justification of the extended calibration>

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.

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

1900MHz - Body

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Client Sporton Certificate No:  Z19-60087

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 908

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

Calibration Procedures for dipole validation kils
Calibration date: March 25, 2019

This calibration Certificate documents the traceability lo 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 certificale.

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

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Cerlificate No.) Scheduled Calibration
Power Metar NRP2 1068277 20-Aug-18 (CTTL, No.J18X06862) Aug-18
Power sensor NRP8S 104291 20-Aug-18 (CTTL, No.J18X06862) Aug-18
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAGNo.EX3-3617_Jan19) Jan-20
DAE4 SN 1331 06-Feb-18(SPEAGNo.DAE4-1331_Feb19) Feb-20
Secondary Standards D # Cal Date(Calibrated by, Ceriificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-19 (CTTL, No.J19X00338) Jan-20
NetworkAnalyzer ES0T1C | MY46110673  24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function Sianature

Callbrated by: Zhao Jing SAR Test Engineer ‘5. 1

Reviewed by. Lin Hao SAR Test Engineer 1] 5%

Approved by: Qi Dianyuan SAR Project Leader e

Issued: March 28, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Cenilicate No: £19-60087 Page | ol 4
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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 300MHMz to
6GHz2)", 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 68 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Feed Point Impedance and 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.

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

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

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

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

Certificate No: Z19-60087 Page 2 of 8



Certilicate No: Z19-60087

T7TI. s p e a g

Al No S 1 Xuevuin Road, Haldion Divticrn, Betjing, 100191, Ching

Tel: +B6- 1 0-623M633-2079
E-mall: cttliwchinatil.com

Fox: +86- 106230463 32504
bt wwewechimaitl cn

Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASY52 52.10.2 1485
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = § mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Head TSL parametors 220°C 382 1.80 mho/m
Measured Head TSL parameters (22.0+0.2) *C 30B6+£6% 1.84 mholm £6 %
Head TSL tamperature change during test <1.0"C — -
SAR result with Head TSL
SAR avoraged over 1 ¢m’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 133 Wrikg
SAR for nominal Head TSL parameters normalized to 1W 52.8 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.07 Wikg
SAR for nominal Head TSL parametars nomalized to TW 24.2 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applled
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mhoim
Measured Body TSL parameters (22.0£02)°C 53B+8% 2.00 mhoim £ 8 %
Body TSL temperature change during test <1.0°C — —_—
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSI Condition
SAR measured 250 mW input power 12.8 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 50.8 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR mieasured 250 mW input power 5.81 Whkg
SAR for nominal Body TSL parameters normalized to 1W 23.6 Wikg £ 18.7 % (k=2)

Page 3 of 4
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5730+ 5180

Retum Loss - 21.6dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 5260+ 5810

Retumn Loss <24 1dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1020 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 lo the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained In the "Measurement Conditions” paragraph. The SAR data are not

affected by this change. The overall dipole length is still according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered

connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: Z19-60087
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DASYS Validation Report for Head TSL Date: 03.25.2019

Test Laboratory: CTTL, Betjing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 908
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: = 2450 MHz; o = 1.841 S/m; & = 39.63; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

« Probe: EX3DVE -SN3617; ConvF(7.62, 7.62, 7.62) (@ 2450 MHz; Calibrated:
173172019

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

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

« Phantom: MEFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

«  Measurement SW: DASY32, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

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

Reference Value = 96.04 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.3 Wike

SAR(I g) = 13,3 W/kg; SAR(10 g) = 6.07 W/kg

Maximum value of SAR (measured) = 22.4 Wikg

db
0

-4.59

-0.18

13.77 i

18.36 |

-22.95 |

0 dB =224 Wikg = 13,50 dBW/kg

Cenrificate No: Z19-60087 Page 501 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 03.25.2019
Test Labormtory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 908
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:]
Medium parameters used: f= 2450 MHz; o = 2.003 S/m; g = 53.78; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

» Probe: EX3DV4 -8SN3617; ConvF(7.79, 7.79, 7.79) (@ 2450 MHz; Calibrated:
13172019

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

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

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

»  Measurement SW: DASYS2, Version 52,10 (2); SEMCAD X Version 14.6.12
(7450)

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

Reference Value = 95.51 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(I g) = 12,8 W/kg; SAR(10 g) = 5.91 W/kg

Maximum value of SAR (measured) = 21.4 W/ikg

dB
0

-4.45

-8.90

-13.34

-17.719

22.24 ' |

0 dB = 21.4 Wikg = 13.30 dBW/kg

Centificate No; Z19-60087 Page 7ol ¥
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Impedance Measurement Plot for Body TSL
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D2450V2, Serial No. 908 Extended Dipole Calibrations

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

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

the calibration interval can be extended.

2450V2 — serial no. 908

2450 Head 2450 Body
Real Imaginary Real Imaginary
Date of Return-Loss Delta Delta Delta Return-Loss Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2019.3.25 -21.6 57.3 5.2 -24.1 52.6 5.8
2020.3.24 -22.7 -0.05 57.5 -0.18 24 2.81 -26.1 -0.08 55.01 -2.40 1.493 4.32

<Justification of the extended calibration>

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Dipole Verification Data> D2450V2, serial no. 908
2450MHz - Head

X S 4 om0

2450MHz - Body

= [ tarTe il 3 -

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Chent Sﬂfhﬂp_ Certificate No: 218-50490

e e~ ——
i I-:|Ir1 e 1 . |[
1 Hll SpREn = —-‘——-L-J— ]:l- I

Object D2600V2 - SN: 1061

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

Calibration Procedures for dipole validation kits

Calibration date: December 7, 2018

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

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

Calibration Equipment used (M&TE critical for callbration)

Primary Standards IO # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102198 07-Mar-18 (CTTL, No.J18X01510) Mar-18
Power sensor NRV-Z5 100586 07-Mar-18 (CTTL, No.J18X01510) Mar-19
Reference Probe EX30V4 | SN 7514 27-Aug-18(SPEAG No.EX3-7514_Aug18) Aug-19
DAE4 SN 1555 20-Aug-18(SPEAGNo.DAE4-1555_Aug18) Aug-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J1BX00560) Jan-19
Network Analyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
Garotnd by: Zhao Jing SAR Test Engineer %1
Faviawed by: Lin Hao SAR Test Engineer s -
Approved by: Qi Dianyuan SAR Project Leader éﬁ’ﬁ\_/ ’

Issued: December 10, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z18-60490 Page | of 8



r\ In Colaboration with
171 £ oo 8.0

Add: No.§1 Xueyuan Rood, Haidion Disiricy, Beijing, 100191, China
Tek: +B6-10-62304633-2079 Fi: +86- 1 0-H230463 12504
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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) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

o 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 Returm Loss ensures low
reflected power. No uncertainty required.

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

e 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.

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

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

Certificate No: Z18-60490 Page 2 of &
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS2 52.10.2 1485
Extrapolation Advancad Extrapolation
Phantom Triple Fiat Phantom 5,1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and caiculgtions were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 8.0 1.86 mho/m
Measured Head TSL parameters {220+02)"C 391268% 1.93mho/m +8 %
Head TSL temperature change during test <1.0°C - —
SAR result with Head TSL
SAR averaged over 1 ¢m (1 g) of Head TSL Condition
SAR measured - 250 mW input power 1M43ImW g
SAR for nominal Head TSL parameters nommalized to 1W 57.7T mW Ig £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power BASmMW /g
SAR for nominal Head TSL parameters normalized to 1TW 26.9 mW Ig £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 220°C 525 2.16 mhoe/m
Measured Body TSL parameters (22.0+0.23"C 51.0+8% 218 mhaim +8 %
Body TSL temperature change during tesi <1.0°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW inpul power 13.7mWig
SAR for nominal Body TSL parameters normatized to 1W 4.2 mW /g £ 18.8 % (k=2)
SAR averaged over 10 cm (10 g) of Body TSL Condition
SAR measured 250 mW input power 611 mWig
SAR for nominal Body TSL parametars normalized o 1W 24.3 mW ig £ 18.7 % (k=2)

Certificate No; Z18-60400
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed pont 49.80-7.00)0

Return Loss -23.1dB
Antenna Parameters with Body TSL

Impedance, transformed to fesd paint 4560- 5410

Return Loss - 22 8dB
General Antenna Parameters and Design

Electrical Dalay (one direction) 1.012ns

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 (o the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not

affected by this change. The overall dipole length is still according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered

connections near the feedpoint may be damaged

Additional EUT Data

Manufactured by

SPEAG

Certificate No: Z18-60490
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DASYS Validation Report for Head TSL Date: 12,06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1061
Communication System: UID 0, CW; Frequency: 2600 MHz: Duty Cycle: 1:1
Medium parameters used: {= 2600 MHz; o = 1.926 S/m; &= 39.1; p= 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

o Probe: EX3DV4 - SN7514; ConvF(6.92, 6.92, 6.92) @ 2600 MHz; Calibrated:
8272018

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

e Electronics; DAE4 Snl535; Calibrated: 820/2018

« Phantom: MFP_V35.1C ; Type: QD 000 PS1CA; Serial: 1062

o Measurement SW: DASY32, Version 52.10(2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=3mm, dz=5mm

Reference Value = 103.5 V/m; Power Drift = 0.0]1 dB

Peak SAR (extrapolated) = 31.0 Wikg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.45 W/kg

Maximum value of SAR (measured) = 24.7 W/kg

dB
0

-4,55

-2.10

-13.66

-18.21

-22.76

0 dB =24.7 W/kg = 13.93 dBW/kg

Certificate No: Z18-60490 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 12.06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1061
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 111
Medium parameters used: { = 2600 MHz; o= 2.181 S/m; & = 51.03; p = 1000 kg/m3
Phantom section: Right Section
DASY3 Configuration:

o Probe: EX3DV4 - SN7514: ConvF(7.06, 7.06, 7.06) @ 2600 MHz; Calibrated:
8/2772018

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

s Electronics: DAE4 Sn1555; Calibrated: 820/2018

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

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

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

Reference Value= 87.11 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 29.3 Wikg

SAR(! g) =13.7 W/kg: SAR(10 g) = 6.11 Wikg

Maximum value of SAR (measured) = 23.4 Wikg

dB
0

-4.59
9.18
-13.76

-18.35
L.

0 dB = 23.4 W/kg = 13,69 dBW/kg

-22.94

Certificate No: 21 8-60490 Page 7of §
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Impedance Measurement Plot for Body TSL
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D2600V2, Serial No. 1061 Extended Dipole Calibrations

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

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

the calibration interval can be extended.

2600V2 — serial no. 1061
2600 Head 2600 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.12.07 -23.1 49.8 -7 -22.8 45.6 -5.41
2019.11.27 -23.0 0.00 48.9 0.90 -6.83 0.17 -22.6 0.01 44.6 -5.29 0.12

<Justification of the extended calibration>

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958
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Dipole Verification Data> D2600V2, serial no. 1061

2600MHz — Head

2600MHz - Body

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

Accreditation No.: SCS 0108

Certificate No: DAE4-1338 _Nov19

|CALIBRATIDN CERTIFICATE I

Calibration procedura(s) QA CAL-06.v29

Calibratlon Equipment used (MATE critical for calibration)

Object DAE4 - SD 000 D04 BM - SN: 1338

Calibration procedure for the data acquisition electronics (DAE)

Cailbration date: November 20, 2019

This calibration cerificate documents the traceability to national standards, which realize e phyaical units of mesasuremeants (S1),
Tha meagurements and the uncertalnties with contidence probability are given on the following pages and are part af the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temparature (22 = 3)°C and humidity < 70%.

Primary Standards 10 # Cal Date (Cerificate No.) Scheduled Calibrafion
Keithley Multimeter Type 2001 Sh: oa10278 03-Sep-19 (No:25949) Sap-20
Secondary Standards |0 # Cheak Date {in house) Stheduled Chack
Auto DAE Calibration Uit SE UWS 053 A& 1007 07-Jan-12 (in houss check) In house check: Jan-20
Calibrator Box V2,1 SE UMS 006 AA 1002  07-Jan-12 (in house chack) In house check: Jan-20

Name Funetion Signeture
Callbrated by: Eric Hainfeld Laboraiory Technician ’_;%-
Approved by Sven Kihn Daputy Manage) /

Wy ,LUMQI

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

Issuad: Novemnbear 20, 2018

Certificate No: DAF4-1338_ Novig
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Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
* DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

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

¢ Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

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

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

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

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

* Input resistance: Typical value for information: DAE input resistance at the connector,
during interal auto-zeroing and during measurement.

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

«  Power consumption: Typical value for information. Supply currents in various operating
modes.
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (pV) Error (%)
Channel X + Input 200032.47 -3.15 -0.00
Channel X + Input 2000524 -0.41 -0.00
Channel X - Input -20006.33 -0.08 0.00
Channel Y + Input 200035.56 -0.12 -0.00
Channel ¥ + lnput 20004.04 -1.44 -0.01
Channel Y - Input -20008.42 -2.09 0.01
Channel Z + Input 200033.57 210 -0.00
Channel Z + Input 20004.43 -0.96 -0.00
Channel Z - Input -20008.50 -2.10 0.01
Low Range Reading (LV) Difference (V) Error (%)
Channel X + Input 2001.19 0.11 0.01
Channel X + Input 201.1 -0.01 -0.00
Channel X = Input -192.18 -0.36 0.18
Channel ¥ + Input 2001.08 017 0:01
Channel Y + Input 199.87 -0.94 -047
Channel Y - Input -200.25 -1.26 0.64
Channel Z + Input 2000.89 -0.01 -0.00
Channel £ + Input 199.87 -0.868 -0.43
Channel Z = Input -199.91 0.9 0.48
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuririg time: 8 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 7.80 574
~ 200 -6.09 -T.67
Channel ¥ 200 -21.26 -21.58
- 200 19.76 19.35
Channel Z 200 247 -2.52
- 200 0.78 0.74
3. Channel separation
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage {(mV) | Channel X (uV) | Channel ¥ (V) Channel Z (uV)
Channel X 200 3.28 -2.896
Channel Y 200 7.88 - 4.97
Channel Z 200 Ba7y 6.08

Coertificate No: DAE4-1338_Nov19

Paged4afs




DC Voltage Measurement
A/D - Converter Resalution nominal

High Range: 1LSB= 6.1pV, full range = -100...+300 my
Low Range: 1LSB = 61nV, full range = -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Calibration Factors X Y rd
High Range 403,688 + 0.02% (k=2) | 404.268 + 0.02% (k=2) | 404.224 + 0.02% (k=2)
Low Range 3.97425 £ 1.50% (k=2) | 3.97933 + 1.50% (k=2) | 3.97493 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 2395°%+1°
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4. AD-Converter Values with inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 16180 14025
Channel ¥ 16291 16862
Channel £ 16104 15093
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 seg; Measuring time: 3 sec
Input 10M0
Average (1V) | min. Offset (uV) | max. Offset (uV) | '™ ?:;;“"““
Channel X -0.o7 -1.18 1.08 0.42
Channel ¥ -0.64 -1.62 0.80 0.39
Channel Z .63 -1.81 0.20 0.38
6. Input Offset Current
MNominal |nput circuitry offset current on all channels: <254
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.8
Supply (- Vec) 78
9. Power Consumption (Typical values for information)
Typical values Swilched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vcc) 0. -8 -

Certificate No: DAE4-1338_Nowv19
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Objact EX3DV4 - SN:3843

Calibration date: September 26, 2019

Calinration Equipmant usad (MATE critical for calibration)

Calibration procedure(s) QA CAL-01.v9, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25.n:7
Calibration procedure for dosimetric E-figld probes
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The messurements and the uncartainties with cotfidence probabiity are given on the Iollowing pages and arme pan of the cerfificans.
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Mabwork Analyzes EB3GRA S US4108047T 31-Mar-14 (in house chack Ocl-18) In house chack: Oct-18
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Galibrated by: Jeton Kastrat) Laboratory Technician
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Glossary:

TSL lissue simulating liquid

NORM:x.Y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode comprassion point

CF crest factor (1/duty_cycle) of the RF signal

ABCD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 8 9 rotation around an axis that Is in the plane normal to probe axis (at measurement center),
e, 8 =0 Is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a)

b}
€l

d)

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

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

IEC §2209-2, “Procedure to determine the Specific Absorption Rate {SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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 =900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORM.y z are only Intermediate values, L.e., the uncertainties of NORMx,y,z does nof affect the E%field
uncertainty inside TSL (see below ConvF).

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 uncerainty of the frequency respanse is Inciuded
in the stated uncertainty of ConvF.

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

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

Ax.y.z; Bx.y,z; Cxy.z; Dxy.z; VRx.y,z: A, B, C, D are numarical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The paramaters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode. '

ConvE and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical field distributions based on pawer
measuremeants for f > BO0 MHz. The same sstups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
ta NORMY, .z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

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

Sensar Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No lolerance required.

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

Certificate No: EX3-3843_Sepi9 Page 2 of 9



EX3DWV4 — SN3843

Basic Calibration Parameters

Septembier 26, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3843

Sensor X Sensor Y Sensor £ Unc (k=2)
Nom ( !wswmﬁ“ 0.34 0.35 0.25 +10.1%
DCP (mV) 110.9 96.1 1011 ]
Calibration Results for Modulation Response
uib Communication System Name A B [ D VR Max Unc™
dB dBV vV dB mv dev. (k=2)
] oW w 0.0 0.0 1.0 0.00 134.1 +38% | £4.7%
¥ 0.0 0.0 10 146.5
Z 0.0 0.0 1.0 132.2

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

A Tha unicerainties of Nom X,Y.Z dé hot afect the E*-fieid uncertainty insids TSL (see Page 5}

= Numerical linesrization parsmetsr; unos
E Uncestainty ts detarminad using the max.

field value.

rtainty not raguired.
deviation from linear response applying rectangular distribution and is expressed for the squans of the

Cerlificate Mo: EX3-3843_Sep1d
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EX3DV4- SN:3B43 September 26, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3843

Other Probe Parameters

Sensor Arrangament | Triangular
Connector Angle () 33
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mim
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensar Y Calibration Paint 1 mm
Probe Tip to Sensar Z Calibration Paint 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate Mo: EX3-3843_Sep18 Page4 of 9



EX3DWV4- SN:3843 September 26, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3843

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth™ Une

fiMHz)® | Permittivity” {Sfm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.8 0,62 9,37 8.37 8.37 0:50 0.87 +12.0 %
B35 41.5 0.80 8.07 8.07 9.07 D43 0.80 +12.0%
800 415 0.97 8.92 892 a.92 0.41 0.80 =120 %
1450 40.58 1.20 B.AY 817 B.A7 0.3z 0.80 +120%
1750 401 1.37 7.85 7.95 7.95 0.34 0.87 +12.0%
1800 40.0 1.40 TET 7.67 7.67 0:32 0.87 +12.0 %
2000 400 1.40 7.66 7.66 766 0.34 0.87 +12.0 %
2300 386 1.67 7.30 7.30 7.30 0.26 0.90 +12.0%
2450 g2 1.80 7.06 7.06 7.06 0.35 0.90 +12.0%
2600 39.0 1.68 6.80 6.90 6.90 0.43 0.80 £120%
5250 358 4.71 4,74 4.74 4.74 0.40 1.80 +14.0 %
5600 35.5 5.07 447 447 4.47 0.40 1.80 +14.0 %
5750 354 522 4.44 444 444 0.40 180 | £140%

© Frequency validity sbove 300 MHz of 4 100 MHz only applies for DASY v4.4 and higher (see Page 2), sfse 11 1S restricted to £ 50 MHz. The
ungensinty is the RSS of the ConvF uncertainty st calibration frequency #nd the uncertairty for the indicated frequency band, Fraquenoy validity
balmw 300 MMz |e = 10, 25, 40, 50.and 70 Mz for Convi® assesaments 2l 40 G4, 128, 150 and 220 MHz raspectively, Validity of ConvF assessed &t
B MHz is 4-0 MHz, and ConvF sssessad at 13 MHz is 819 MHz. Above & GHz freguency validity can be sxtendsd to £ 110 MHz.
F At frequencies below 3 GHz, the validity of tissus parameters (e and o) can be retaxed 10 £ 10% 1F liquid compersation fermuls 15 applied to
measuied SAR valies. At frequencies sbove 3 GHz, the validity of tissue parameters (s and a) ia resiricted to = 5%, The unceralnty |s the RSS of
the CanvF uncertainty for indicated target issue paramaters. )
S alphaiDepth are detamined during calibration. SPEAS warrants hat the remaining devistion dus to the boundary effect after compansation is
alweys iess than + 1% for frequanciss below 3 GHz and below = 2% for frequencies batwean 3-8 GHz at any distance lergesthan el the proba tip
diametsr fram the boundary.
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EX3DVA— SN:3843 Seplember 26, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Carlificate No: EX3-3843_Sep1d Fage G of 8



EX3DV4- SN:3843 Septembet 26, 2019

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £0.5% (k=2)
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EX3DV4- SN:3843 Septomberen, 2019

Dynamic Range f(SARpead)
(TEM cell , fouq= 1900 MHz)

105

1

Input Signal [uV]

{11

10%-

I ] | (| 113
10 102 100 1 10 108 10
SAR [mWlernd]

i 102 1IIB'1 'Ijﬁ‘.Pa 1IE|" 162 108
SAR [mW/iem3]
o]

nct compansated compansated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN 3843 Seplember 26, 2018

Conversion Factor Assessment

=835 MHz, WGLS R8 (H_convF) f= 1800 MHz. WGELS R22Z (H_canvF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f=900 MHz

iy Etint
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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SPORTON LAB. FCC SAR TeSt Report Report No. : FA043012

Appendix E. Conducted RF Output Power Table

The detailed power table are shown as follows.
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SPORTON LAB.

3GPP Rel 99
3GPP Rel 99
3GPP Rel 6
3GPP Rel 6
3GPP Rel 6
3GPP Rel 6
3GPP Rel 8
3GPP Rel 8
3GPP Rel 8
3GPP Rel 8
3GPP Rel 6
3GPP Rel 6
3GPP Rel 6
3GPP Rel 6
3GPP Rel 6

GSM850
TX Channel

Frequency (MHz)

GSM 1 Tx slot
GPRS 1 Tx slot
GPRS 2 Tx slots
GPRS 3 Tx slots
GPRS 4 Tx slots
EDGE 1 Tx slot
EDGE 2 Tx slots
EDGE 3 Tx slots
EDGE 4 Tx slots

GSM1900
TX Channel
Frequency (MHz)
GSM 1 Tx slot
GPRS 1 Tx slot
GPRS 2 Tx slots
GPRS 3 Tx slots
GPRS 4 Tx slots
EDGE 1 Tx slot
EDGE 2 Tx slots
EDGE 3 Tx slots
EDGE 4 Tx slots

Band
TX Channel
Rx Channel
Frequency (MHz)
AMR 12.2Kbps
RMC 12.2Kbps
HSDPA Subtest-1
HSDPA Subtest-2
HSDPA Subtest-3
HSDPA Subtest-4
DC-HSDPA Subtest-1
DC-HSDPA Subtest-2
DC-HSDPA Subtest-3
DC-HSDPA Subtest-4
HSUPA Subtest-1
HSUPA Subtest-2
HSUPA Subtest-3
HSUPA Subtest-4
HSUPA Subtest-5

Burst Average Power (dBm)

128
824.2

189
836.4

251
848.8

Frame-Average Power (dBm)

128
824.2

189
836.4

251
848.8

Tune-up
Limit
(dBm)

Burst
512
1850.2

Average Power
661
1880

(dBm)
810
1909.8

Tune-up
Limit
(dBm)

Frame-Average Power (dBm)

512
1850.2

661
1880

810
1909.8

Tune-up
Limit
(dBm)

WCDMA Il
9400
9800
1880

Tune-up
Limit
(dBm)

Tune-up
Limit
(dBm)




SPORTON LAB.

BW [MHZ]

Modulation RB Size

Channel
Frequency (MHz)
QPSK 1
QPSK 1
QPSK 1
QPSK 50
QPSK 50
QPSK 50
QPSK 100
16QAM 1
16QAM 1
16QAM 1
16QAM 50
16QAM 50
16QAM 50
16QAM 100
64QAM 1
64QAM 1
64QAM 1
64QAM 50
64QAM 50
64QAM 50
64QAM 100
Channel
Frequency (MHz)
QPSK 1
QPSK 1
QPSK 1
QPSK 36
QPSK 36
QPSK 36
QPSK 75
16QAM 1
16QAM 1
16QAM 1
16QAM 36
16QAM 36
16QAM 36
16QAM 75
64QAM 1
64QAM 1
64QAM 1
64QAM 36
64QAM 36
64QAM 36
64QAM 75
Channel
Frequency (MHz)
QPSK 1
QPSK 1
QPSK 1
QPSK 25
QPSK 25
QPSK 25
QPSK 50
16QAM 1
16QAM 1
16QAM 1
16QAM 25
16QAM 25
16QAM 25
16QAM 50
64QAM 1
64QAM 1
64QAM 1
64QAM 25
64QAM 25
64QAM 25
64QAM 50
Channel

Frequency (MHz)

QPSK 1
QPSK 1
QPSK 1
QPSK 12
QPSK 12
QPSK 12
QPSK 25
16QAM 1
16QAM 1
16QAM 1
16QAM 12
16QAM 12
16QAM 12
16QAM 25
64QAM 1
64QAM 1
64QAM 1
64QAM 12
64QAM 12
64QAM 12
64QAM 25

Band 7 (2600MHz Band)
Part 27
Power Power
RB Offset Low Middle High )
Ch./Freq. Ch./Freq. Ch./Freq. Tune-up limit
20850 21100 21350 (EEhD)
2510 2535 2560

MPR
(dB)

Tune-up limit
(dBm)

Tune-up limit
(dBm)

Tune-up limit
(dBm)




SPORTON LAB.

Band 38(only on channel required)

Power Power Power
W [MHz] Modulation RB Size RB Offset Low Middle High
Ch. / Freq. Ch. / Freq. Ch./Freq.  Tune-up limit
(dBm)
Channel 37850 38000 38150

Frequency (MHz) 2580 2595 2610
QPSK 1
QPSK 1
QPSK 1
QPSK 50
QPSK 50
QPSK 50
QPSK 100
16QAM 1
16QAM 1
16QAM 1
16QAM 50

16QAM 50
16QAM 50
16QAM 100
64QAM 1
64QAM 1
64QAM 1
64QAM 50
64QAM 50
64QAM 50
64QAM 100
Channel Tune-up limit

Frequency (MHz) (dBm)
QPSK 1
QPSK 1
QPSK 1
QPSK 36
QPSK 36
QPSK 36
QPSK 75

16QAM 1
16QAM 1
16QAM 1
16QAM 36
16QAM 36
16QAM 36
16QAM 75
64QAM 1
64QAM 1
64QAM 1
64QAM 36
64QAM 36
64QAM 36
64QAM 75
Channel Tune-up limit

Frequency (MHz) (dBm)
QPSK 1
QPSK 1
QPSK 1
QPSK 25
QPSK 25
QPSK 25
QPSK 50

16QAM 1
16QAM 1
16QAM 1
16QAM 25
16QAM 25
16QAM 25
16QAM 50
64QAM 1
64QAM 1
64QAM 1
64QAM 25
64QAM 25
64QAM 25
64QAM 50
Channel Tune-up limit

Frequency (MHz) (dBm)
QPSK 1
QPSK 1
QPSK 1
QPSK 12
QPSK 12
QPSK 12
QPSK 25

16QAM 1
16QAM 1
16QAM 1
16QAM 12
16QAM 12
16QAM 12
16QAM 25
64QAM 1
64QAM 1
64QAM 1
64QAM 12
64QAM 12
64QAM 12
64QAM 25




SPORATON LAB.

2.4GHz WLAN

Frequency  Average power Tune-Up

9
Channel (MHz) (dBm) Limit Duty Cycle %
802.11b 1Mbps
11 2462 16.16 17.00
1 2412 12.42 13.00
2.4GHz WLAN 802.11g 6Mbps 6 2437 156.72 16.50 87.04
11 2462 12.16 13.00
1 2412 11.57 12.00
802.11n-HT20
MCS0 6 2437 15.03 16.00 86.27
11 2462 11.70 12.00
3 2422 9.96 11.00
802.11n-HT40
MCS0 6 2437 14.17 15.00 86.29
9 2452 10.48 11.00

BR/EDR

Average power (dBm)

Croel Frequency
(MHz) 2Mbps
CH 00 2402

BR/EDR CH 39 2441

CH78 2480

Tune-up Limit

Frequency Average power (dBm)
(MH2) GFSK

CH 00 2402

CH 19 2440

CH 39 2480

Channel

Tune-up Limit






