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WLAN 5GHz Body

Date: 2023-1-12

Electronics: DAE4 Sn1331

Medium: Head 5750MHz

Medium parameters used: f = 5745 MHz; 6 = 5.379 S/m; er = 34.46; p = 1000 kg/m3
Communication System: UID 0, WLAN 5G (0) Frequency: 5745 MHz Duty Cycle: 1:1
Probe: EX3DV4 - SN7600 ConvF(5.13, 5.13, 5.13)

Rear Side Ch.161/Area Scan (81x141x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 0.866 W/kg

Rear Side Ch.161/Zoom Scan (8x8x21)/Cube 0: Measurement grid: dx=4mm, dy=4mm,
dz=1.4mm

Reference Value = 2.046 VV/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 2.23 W/kg

SAR(1 g) = 0.357 W/kg; SAR(10 g) = 0.131 W/kg

Maximum value of SAR (measured) = 0.890 W/kg

Wikg
— 0.890

— 0.712

0.534

0.356

0178

Fig.43 WLAN 5GHz Body
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ANNEX B: SystemVerification Results

750MHz

Date: 2023-1-5

Electronics: DAE4 Sn1527

Medium: Head 750MHz

Medium parameters used: f = 750 MHz; o = 0.885 S/m; ¢, = 42.523; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 750 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (11.12, 11.12, 11.12)

System Validation/Area Scan (81x161x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 59.426 V/m; Power Drift = -0.06 dB

SAR(1 g) = 2.09 W/kg; SAR(10 g) = 1.40 W/kg

Maximum value of SAR (interpolated) = 2.76 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 59.426 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.06 W/kg

SAR(1 g) = 2.04 W/kg; SAR(10 g) = 1.38 W/kg

Maximum value of SAR (measured) = 2.72 W/kg

dB
0

-1.95

-3.90

-h.85

-7.80

975

0dB =2.72 W/kg = 4.35 dB W/kg

Fig.B.1. Validation 750MHz 250mW
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750MHz

Date: 2023-1-14

Electronics: DAE4 Sn1527

Medium: Head 750MHz

Medium parameters used: f = 750 MHz; 0 = 0.914 S/m; ¢, = 40.958; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 750 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (11.12, 11.12, 11.12)

System Validation/Area Scan (81x161x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 60.977 V/m; Power Drift = 0.03 dB

SAR(1 g) = 2.15 W/kg; SAR(10 g) = 1.41 W/kg

Maximum value of SAR (interpolated) = 2.81 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 60.977 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.22 W/kg

SAR(1 g) = 2.18 W/kg; SAR(10 g) = 1.42 W/kg

Maximum value of SAR (measured) = 2.84 W/kg

dB
0

-1.95

-3.90

-h.85

-7.80

975

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

Fig.B.2. Validation 750MHz 250mW
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835MHz

Date: 2023-1-7

Electronics: DAE4 Sn1527

Medium: Head 835MHz

Medium parameters used: f = 835 MHz; o = 0.923 S/m; er = 40.471; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 835 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (11.12, 11.12, 11.12)

System Validation/Area Scan (91x161x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 63.519 V/m; Power Drift = 0.11 dB

SAR(1 g) = 2.45 W/kg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR (interpolated) = 3.63 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 63.519 V/m; Power Drift = 0.11 dB

Peak SAR (extrapolated) = 4.35 W/kg

SAR(1 g) = 2.49 W/kg; SAR(10 g) = 1.60 W/kg

Maximum value of SAR (measured) = 3.66 W/kg

dB
0

-2.12

-4.23

-6.35

-8.46

-10.58

0dB = 3.66 W/kg = 5.63 dB W/kg

Fig.B.3. Validation 835MHz 250mW
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Date: 2023-1-11

Electronics: DAE4 Sn1331

Medium: Head 835MHz

Medium parameters used: f = 835 MHz; o = 0.889 S/m; er = 42.482; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 835 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7600 ConvF (10.99, 10.99, 10.99)

System Validation/Area Scan (91x161x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 3.20 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 59.03 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 3.20 W/kg

dB
]

-2.02

-4.04

-6.07

-8.09

L

-10.11

0dB = 3.20 W/kg = 5.05 dBW/kg

Fig.B.4. Validation 835MHz 250mW
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Date: 2023-1-11

Electronics: DAE4 Sn1331

Medium: Head 1750MHz

Medium parameters used: f = 1750 MHz; 6 = 1.372 S/m; er = 40.19; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 1750 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (9.00, 9.00, 9.00)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 14.4 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 97.11 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) =9.03 W/kg; SAR(10 g) = 4.79 W/kg

Maximum value of SAR (measured) = 14.0 W/kg

dB
]

-3.33

-b.66

-9.99

-13.32

L

-16.65

0dB =14.0 W/kg = 11.46 dBW/kg

Fig.B.5. Validation 1750MHz 250mW
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1750MHz

Date: 2023-1-15

Electronics: DAE4 Sn1527

Medium: Head 1750MHz

Medium parameters used: f = 1750 MHz; o = 1.365 S/m; ¢, = 40.832; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 1750 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (9.22, 9.22, 9.22)

System Validation/Area Scan (81x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 79.052 V/m; Power Drift =-0.13 dB

SAR(1 g) =9.05 W/kg; SAR(10 g) = 4.91 W/kg

Maximum value of SAR (interpolated) = 11.0 W/kg

System Validation/Zoom Scan (7x7x7)/Cube0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 79.052 V/m; Power Drift =-0.13 dB

Peak SAR (extrapolated) = 20.8 W/kg

SAR(1 g) = 8.81 W/kg; SAR(10 g) = 4.83 W/kg

Maximum value of SAR (measured) = 10.7 W/kg

dB
0

-3

-b.62

-10.24

-13.65

-17.06

0dB =10.7 W/kg = 10.29 dB W/kg

Fig.B.6. Validation 1750MHz 250mW
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Date: 2023-1-8

Electronics: DAE4 Sn1527

Medium: Head 1900MHz

Medium parameters used: f = 1900 MHz; o = 1.428 S/m; ¢, = 39.236; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 1900 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (8.90, 8.90, 8.90)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 81.562 V/m; Power Drift = 0.07 dB

SAR(1 g) =10.2 W/kg; SAR(10 g) = 5.14 W/kg

Maximum value of SAR (interpolated) = 12.2 W/kg

System Validation/Zoom Scan (7x7x7)/Cube0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 81.562 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 26.1 W/kg

SAR(1 g) =10.5 W/kg; SAR(10 g) = 5.24 W/kg

Maximum value of SAR (measured) = 12.4 W/kg
dB

-3.61
-f.22
-10.83

-14.45

-18.06

0dB =12.4 W/kg = 10.93 dB W/kg

Fig.B.7. Validation 1900MHz 250mW

©Copyright. All rights reserved by SAICT Page 286 of 412



No.I23N00016-SAR

2 ||||I||||,
= I

Date: 2023-1-11

Electronics: DAE4 Sn1331

Medium: Head 1900MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.44 S/m; er = 39.881; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 1900 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7600 ConvF (8.70, 8.70, 8.70)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 15.9 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 97.84 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 19.1 W/kg

SAR(1 g) =9.87 W/kg; SAR(10 g) = 5.11 W/kg

Maximum value of SAR (measured) = 15.7 W/kg

dB
]

-3.50

-F.0

-10.51

-14.02

L

-17.b2

0dB =15.7 W/kg = 11.96 dBW/kg

Fig.B.8. Validation 1900MHz 250mW
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Date: 2023-1-10

Electronics: DAE4 Sn1331

Medium: Head 2450MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.855 S/m; er = 38.783; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 2450 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7600 ConvF (7.96, 7.96, 7.96)

System Validation/Area Scan (81x81x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 21.9 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 97.95 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 27.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.15 W/kg

Maximum value of SAR (measured) = 22.5 W/kg

dB
]

-4.37

-8.74

-13.11

-17.48

L

-21.85

0dB =22.5W/kg = 13.52 dBW/kg

Fig.B.9. Validation 2450MHz 250mW
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2550MHz

Date: 2023-1-16

Electronics: DAE4 Sn1527

Medium: Head 2550MHz

Medium parameters used: f = 2550 MHz; o = 1.952 S/m; ¢, = 38.488; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 2550 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (8.17, 8.17, 8.17)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 95.436 V/m; Power Drift = 0.05 dB

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.42 W/kg

Maximum value of SAR (interpolated) = 16.3 W/kg

System Validation/Zoom Scan (7x7x7)/Cube0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 95.436 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 33.2 W/kg

SAR(1 g) = 14.6 W/kg; SAR(10 g) = 6.48 W/kg

Maximum value of SAR (measured) = 16.6 W/kg

dB
0

-4.74

-9.48

-14.23

-18.97

-23.11

0dB =16.6 W/kg = 12.20 dB W/kg

Fig.B.10.  Validation 2550MHz 250mW
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2550MHz

Date: 2023-1-17

Electronics: DAE4 Sn1527

Medium: Head 2550MHz

Medium parameters used: f = 2550 MHz; o = 1.938 S/m; ¢, = 38.624; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 2550 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (8.17, 8.17, 8.17)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 94.056 V/m; Power Drift = 0.02 dB

SAR(1 g) = 14.1 W/kg; SAR(10 g) = 6.30 W/kg

Maximum value of SAR (interpolated) = 16.0 W/kg

System Validation/Zoom Scan (7x7x7)/Cube0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 94.056 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 30.9 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.37 W/kg

Maximum value of SAR (measured) = 16.2 W/kg

dB
0

-4.74

-9.48

-14.23

-18.97

-23.11

0dB =16.2 W/kg = 12.10 dB W/kg

Fig.B.11.  Validation 2550MHz 250mW
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3500MHz

Date: 2023-1-9

Electronics: DAE4 Sn1527

Medium: Head 3500MHz

Medium parameters used: f = 3500 MHz; o = 2.866 S/m; ¢, = 38.702; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 3500 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (7.56, 7.56, 7.56)

System Validation/Area Scan (61x61x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 70.108 V/m; Power Drift = -0.07 dB

SAR(1 g) = 6.58 W/kg; SAR(10 g) = 2.54 W/kg

Maximum value of SAR (interpolated) = 7.73 W/kg

System Validation/Zoom Scan (7x7x7)/Cube0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 70.108 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 6.45 W/kg; SAR(10 g) = 2.49 W/kg

Maximum value of SAR (measured) = 7.70 W/kg

dB
0

-4.74

-9.48

-14.23

-18.97

-23.11

0dB =7.70 W/kg = 8.86 dB W/kg

Fig.B.12.  Validation 3500MHz 100mW

©Copyright. All rights reserved by SAICT Page 291 of 412



|||II||||’
N
)

No.I23N00016-SAR

(

3900MHz

Date: 2023-1-9

Electronics: DAE4 Sn1527

Medium: Head 3900MHz

Medium parameters used: f = 3900 MHz; o = 3.359 S/m; ¢, = 36.825; p = 1000 kg/m®
Communication System: CW_TMC Frequency: 3900 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7621 ConvF (7.26, 7.26, 7.26)

System Validation/Area Scan (61x61x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 75.256 V/m; Power Drift = 0.08 dB

SAR(1 g) = 7.15 W/kg; SAR(10 g) = 2.47 W/kg

Maximum value of SAR (interpolated) = 8.37 W/kg

System Validation/Zoom Scan (7x7x7)/Cube0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 75.256 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 21.1 W/kg

SAR(1 g) = 7.30 W/kg; SAR(10 g) = 2.52 W/kg

Maximum value of SAR (measured) = 8.42 W/kg

dB
0

-4.74

-9.48

-14.23

-18.97

-23.11

0dB =8.42 W/kg = 9.25 dB W/kg

Fig.B.13.  Validation 3900MHz 100mW
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Date: 2023-1-12

Electronics: DAE4 Sn1331

Medium: Head 5250MHz

Medium parameters used: f = 5250 MHz; ¢ = 4.807 S/m; er = 35.401; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 5250 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7600 ConvF (5.66, 5.66, 5.66)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 18.9 W/kg

System Validation/Zoom Scan (8x8x21)/Cube 0: Measurement grid: dx=4mm, dy=4mm,
dz=1.4mm

Reference Value = 70.36 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.0 W/kg

SAR(1 g) = 7.81 W/kg; SAR(10 g) = 2.25 W/kg

Maximum value of SAR (measured) = 18.1 W/kg

dB
]

-h.39

-10.748

-16.18

-21.57

-

-26.96

0dB =18.1 W/kg = 12.58 dBW/kg

Fig.B.14.  Validation 5250MHz 100mW
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Date: 2023-1-12

Electronics: DAE4 Sn1331

Medium: Head 5600MHz

Medium parameters used: f = 5600 MHz; 0 = 5.165 S/m; er = 34.809; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 5600 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7600 ConvF (4.96, 4.96, 4.96)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 20.6 W/kg

System Validation/Zoom Scan (8x8x21)/Cube 0: Measurement grid: dx=4mm, dy=4mm,
dz=1.4mm

Reference Value = 67.50 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 35.6 W/kg

SAR(1 g) = 8.17 W/kg; SAR(10 g) = 2.37 W/kg

Maximum value of SAR (measured) = 19.7 W/kg

dB
]

-h.39

-10.748

-16.17

-21.h6

L

-26.95

0dB =19.7 W/kg = 12.94 dBW/kg

Fig.B.15.  Validation 5600MHz 100mW
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Date: 2023-1-12

Electronics: DAE4 Sn1331

Medium: Head 5750MHz

Medium parameters used: f = 5750 MHz; ¢ = 5.383 S/m; er = 34.462; p = 1000 kg/m3
Communication System: CW_TMC Frequency: 5750 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN7600 ConvF (5.13, 5.13, 5.13)

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 20.2 W/kg

System Validation/Zoom Scan (8x8x21)/Cube 0: Measurement grid: dx=4mm, dy=4mm,
dz=1.4mm

Reference Value = 65.52 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 36.1 W/kg

SAR(1 g) = 7.93 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.6 W/kg

dB
]

-h.36

-10.72

-16.07

-21.43

L

-26.79

0dB =19.6 W/kg = 12.92 dBW/kg

Fig.B.16.  Validation 5750MHz 100mW
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ANNEX C: SAR Measurement Setup

C.1. Measurement Set-up

DASY5 system for performing compliance tests is illustrated above graphically. This system
consists of the following items:

Picture C.1 SAR Lab Test Measurement Set-up

A standard high precision 6-axis robot (Staubli TX=RX family) with controller, teach pendant
and software. An arm extension for accommodating the data acquisition electronics (DAE).

An isotropic field probe optimized and calibrated for the targeted measurement.

A data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing,
AD-conversion, offset measurements, mechanical surface detection, collision detection, etc.
The unit is battery powered with standard or rechargeable batteries. The signal is optically
transmitted to the EOC.

The Electro-optical converter (EOC) performs the conversion from optical to electrical signals
for the digital communication to the DAE. To use optical surface detection, a special version of
the EOC is required. The EOC signal is transmitted to the measurement server.

The function of the measurement server is to perform the time critical tasks such as signal
filtering, control of the robot operation and fast movement interrupts.

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the
probe positioning.

A computer running WinXP and the DASY5 software.

Remote control and teach pendant as well as additional circuitry for robot safety such as
warning lamps, etc.

The phantom, the device holder and other accessories according to the targeted measurement.
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C.2. DASYS5 E-field Probe System

The SAR measurements were conducted with the dosimetric probe designed in the classical
triangular configuration and optimized for dosimetric evaluation. The probe is constructed using the
thick film technique; with printed resistive lines on ceramic substrates. The probe is equipped with
an optical multifiber line ending at the front of the probe tip. It is connected to the EOC box on the
robot arm and provides an automatic detection of the phantom surface. Half of the fibers are
connected to a pulsed infrared transmitter, the other half to a synchronized receiver. As the probe
approaches the surface, the reflection from the surface produces a coupling from the transmitting to
the receiving fibers. This reflection increases first during the approach, reaches maximum and then
decreases. If the probe is flatly touching the surface, the coupling is zero. The distance of the
coupling maximum to the surface is independent of the surface reflectivity and largely independent
of the surface to probe angle. The DASY5 software reads the reflection durning a software
approach and looks for the maximum using 2"%rd curve fitting. The approach is stopped at
reaching the maximum.

Probe Specifications:

Model: ES3DV3, EX3DV4
Frequency 10MHz — 6.0GHz(EX3DV4)
Range: 10MHz — 4GHz(ES3DV3)
Calibration: In head and body simulating tissue at
Frequencies from 835 up to 5800MHz
Linearity: *+ 0.2 dB(30 MHz to 6 GHz) for EX3DV4 Picture C.2 Near-field Probe

+ 0.2 dB(30 MHz to 4 GHz) for ES3DV3
Dynamic Range: 10 mW/kg — 100W/kg
Probe Length: 330 mm
Probe Tip
Length: 20 mm
Body Diameter: 12 mm
Tip Diameter: 2.5 mm (3.9 mm for ES3DV3)
Tip-Center: 1 mm (2.0mm for ES3DV3)
Application: SAR Dosimetry Testing
Compliance tests of mobile phones
Dosimetry in strong gradient fields

Picture C.3 E-field Probe
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C.3. E-field Probe Calibration

Each E-Probe/Probe Amplifier combination has unique calibration parameters. A TEM cell
calibration procedure is conducted to determine the proper amplifier settings to enter in the probe
parameters. The amplifier settings are determined for a given frequency by subjecting the probe to
a known E-field density (1 mW/cm?) using an RF Signal generator, TEM cell, and RF Power Meter.

The free space E-field from amplified probe outputs is determined in a test chamber. This
calibration can be performed in a TEM cell if the frequency is below 1 GHz and inn a waveguide or
other methodologies above 1 GHz for free space. For the free space calibration, the probe is placed
in the volumetric center of the cavity and at the proper orientation with the field. The probe is then
rotated 360 degrees until the three channels show the maximum reading. The power density
readings equates to 1 mW/ cm?.
E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate
simulated brain tissue. The E-field in the medium correlates with the temperature rise in the
dielectric medium. For temperature correlation calibration a RF transparent thermistor-based
temperature probe is used in conjunction with the E-field probe.
SAR =C £

At
Where:
At = Exposure time (30 seconds),
C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

2
sar=IFL-@

Yol
Where:
o = Simulated tissue conductivity,
p = Tissue density (kg/m®).
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C.4. Other Test Equipment

C.4.1. Data Acquisition Electronics (DAE)

The data acquisition electronics consist of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command
decoder with a control logic unit. Transmission to the measurement server is accomplished through
an optical downlink for data and status information, as well as an optical uplink for commands and
the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and
sideways probe contacts. They are used for mechanical surface detection and probe collision
detection.

The input impedance of the DAE is 200 MOhm; the inputs are symmetrical and floating. Common
mode rejection is above 80 dB.

PictureC.4: DAE

C.4.2. Robot

The SPEAG DASY system uses the high precision robots (DASY5: RX160L) type from Staubli SA
(France). For the 6-axis controller system, the robot controller version from Staubli is used. The
Staubli robot series have many features that are important for our application:

» High precision (repeatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

Low ELF interference (motor control fields shielded via the closed metallic construction shields)

V V V V

Picture C.5 DASY 5
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C.4.3. Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (DASY5: 400 MHz, Intel
Celeron), chipdisk (DASY5:128MB), RAM (DASY5:128MB). The necessary circuits for
communication with the DAE electronic box, as well as the 16 bit AD converter system for optical
detection and digital I/O interface are contained on the DASY 1/O broad, which is directly connected
to the PC/104 bus of the CPU broad.

The measurement server performs all real-time data evaluation of field measurements and surface
detection, controls robot movements and handles safety operation. The PC operating system
cannot interfere with these time critical processes. All connections are supervised by a watchdog,
and disconnection of any of the cables to the measurement server will automatically disarm the
robot and disable all program-controlled robot movements. Furthermore, the measurement server is
equipped with an expansion port which is reserved for future applications. Please note that this
expansion port does not have a standardized pinout, and therefore only devices provided by
SPEAG can be connected. Devices from any other supplier could seriously damage the
measurement server.

C.4.4. Device Holder for Phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance
between the source and the liquid surface. For a source at 5mm distance, a positioning uncertainty
of £0.5mm would produce a SAR uncertainty of £20%. Accurate device positioning is therefore
crucial for accurate and repeatable measurements. The positions in which the devices must be
measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in the standard. It has
two scales for device rotation (with respect to the body axis) and device inclination (with respect to
the line between the ear reference points). The rotation centers for both scales is the ear reference
point (ERP). Thus the device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss

POM material having the following dielectric

parameters: relative permittivity & =3 and loss tangent 0 =0.02. The amount of dielectric material

has been reduced in the closest vicinity of the device, since measurements have suggested that the
influence of the clamp on the test results could thus be lowered.

<Laptop Extension Kit>

The extension is lightweight and made of POM, acrylic glass and foam. It fits easily on the upper
part of the Mounting Device in place of the phone positioner. The extension is fully compatible with
the Twin-SAM and ELI phantoms.

©Copyright. All rights reserved by SAICT Page 300 of 412



No.I23N00016-SAR

(Illgll!

Picture C.7-1: Device Holder Picture C.7-2: Laptop Extension Kit

C.4.5. Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in a table. The shape of
the shell is based on data from an anatomical study designed to

Represent the 90" percentile of the population. The phantom enables the dissymmetric evaluation
of SAR for both left and right handed handset usage, as well as body-worn usage using the flat
phantom region. Reference markings on the Phantom allow the complete setup of all predefined
phantom positions and measurement grids by manually teaching three points in the robot. The shell
phantom has a 2mm shell thickness (except the ear region where shell thickness increases to 6

mm).

Shell Thickness: 2+ 0.2 mm

Filling Volume:  Approx. 25 liters

Dimensions: 810 x 1000 x 500 mm (H x L x W)
Available: Special

Picture C.8: SAM Twin Phantom
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ANNEX D: Position of the wireless device in relation to the phantom

D.1. General considerations
This standard specifies two handset test positions against the head phantom — the “cheek” position

and the “tilt” position.

Vertical Vertical
Center Line Center Line
w2, Horl | w2\ aw/2
a—" 011_zonta !l

! Line ! :
]

/I/Hﬁontal / \
/ Line A Acoustic
Output

Acoustic B Bottom of e
Output Handset B
Bottom of
/ Handset
1'1/5;2 W2
W2

w, Width of the handset at the level of the acoustic
w, Width of the bottom of the handset

A Midpoint of the width w, of the handset at the level of the acoustic output

B Midpoint of the width w, of the bottom of the handset

Picture D.1-b Typical “clam-shell” case handset

I s

Picture D.1-a Typical “fixed” case handset

B i

Picture D.2 Cheek position of the wireless device on the left side of SAM
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Picture D.3 Tilt position of the wireless device on the left side of SAM

D.2. Body-worn device

A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery
operated wireless device with the ability to transmit while mounted on a person’s body using a carry
accessory approved by the wireless device manufacturer.

Picture D.4 Test positions for body-worn devices

D.3. Desktop device

A typical example of a desktop device is a wireless enabled desktop computer placed on a table or
desk when used.

The DUT shall be positioned at the distance and in the orientation to the phantom that corresponds
to the intended use as specified by the manufacturer in the user instructions. For devices that
employ an external antenna with variable positions, tests shall be performed for all antenna
positions specified. Picture 8.5 show positions for desktop device SAR tests. If the intended use is
not specified, the device shall be tested directly against the flat phantom.
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Picture D.5 Test positions for desktop devices

D.4. DUT Setup Photos

No.I23N00016-SAR

Picture D.6
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The liquid used for the frequency range of 700-6000 MHz consisted of water, sugar, salt, preventol,
glycol monobutyl and Cellulose. The liquid has been previously proven to be suited for worst-case.
The Table E.1 shows the detail solution. It's satisfying the latest tissue dielectric parameters
requirements proposed by the IEEE 1528 and IEC 62209.

Table E.1: Composition of the Tissue Equivalent Matter

Frequency
835 1750 1900 2450 2600 5200 5800
(MHz)
Water 4145 | 55242 | 55242 | 58.79 58.79 6553 | 66.10
Sugar 56.0 / / / / / /
Salt 145 0.306 | 0.306 0.06 0.06
Preventol 0.1 / / / / 1724 | 16.95
Cellulose 10 / / / / 1724 | 16.95
Glycol Monobuty! / 44452 | 44452 | 4115 4115 / /
Diethylenglycol
iethyienglyco / / / / / / /
monohexylether
Triton X-100 / / / / / / /
Pz::';‘it"('frs =415 | €=40.08 | €=40.0 | £=39.20 | £=39.01 | £=35.99 | €=35.30
0=0.90 | 0=1.37 | 0=1.40 | 0=1.80 | 0=1.96 | 0=4.66 | 0=527
Target Value

Note: There is a little adjustment respectively for 750, 5300 and 5600, based on the recipe of

closest frequency in table E.1
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ANNEX F: System Validation

The SAR system must be validated against its performance specifications before it is deployed.
When SAR probes, system components or software are changed, upgraded or recalibrated, these
must be validated with the SAR system(s) that operates with such components.

Table F.1: System Validation

Modulation Signal Validation
Probe | Liquid name Validation Frequency CwW
SN. (MHz) date point Validation Modulation Duty PAR

Type Factor
7621 Head 750 2022-05-09 750MHz Pass N/A N/A N/A
7621 Head 835 2022-05-09 835MHz Pass GMSK Pass N/A
7621 Head 1750 2022-05-09 1750MHz Pass N/A N/A N/A
7621 Head 1900 2022-05-09 1900MHz Pass GMSK Pass N/A
7621 Head 2450 2022-05-08 2450MHz Pass OFDM/TDD Pass Pass
7621 Head 2550 2022-05-08 2550MHz Pass TDD Pass N/A
7621 Head 3500 2022-05-10 3500MHz Pass TDD Pass N/A
7621 Head 3700 2022-05-10 3700MHz Pass TDD Pass N/A
7621 Head 3900 2022-05-10 3900MHz Pass TDD Pass N/A
7621 Head 5250 2022-05-08 5250MHz Pass OFDM N/A Pass
7621 Head 5600 2022-05-08 5600MHz Pass OFDM N/A Pass
7621 Head 5750 2022-05-08 5750MHz Pass OFDM N/A Pass
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Enginearing AG
Zeughaissirasse 43, B304 Zurlch, Switzariand

Asradited by the Swiss Accreditation Ssiviee (5A5)
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Glossary

No.123N00016-SAR

Schwalzerlscher Kalibrierdisnat
Service suless d'dalonnage
Servizio svizzeno di taratura
Swiss Calibration Service

nowm

Accreditation Ne.: SCS 0108

DAE

data acquisition electronics

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

coordinate systemn.

Methods Applied and Interpretation of Parameters
* DC Voltage Measurement: Calibration Factor assessed for use in DASY sysiem 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.

* Cennector angle. The angle of the connector Is assessed measuring the angle mechanically
by a tool inserted. Unacertainty is not required,

= The following parameters as documented in the Appendix contain technical information as a
result from the performance test and reguire no uncertainty,

DC Voltage Measurement Linearity: Vlerlfication of the Lineanty at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measuremen,

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 o zero input voltage

Input Offset Measurement: Qutput voltage and statistical results over a large numbar of
zero voltage measurements,

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

Input resistance; Typlcal value far information: DAE input resistance at the connector,
during internal auto-zeroing and during measurament,

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.

Carificata No: DAE4-1627 Jun22 Page 2ol B
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DC Volitage Measurement
AD - Converter Rasolution nominal

High Range: 1L5B = RITA full ramge = <100...4300 mV
Low Range 1LSB = BinV full Fange = -1, +3mV
DASY measurement parameters: Auto 2ero Time: 3 sec: Measuring tima: 3 seo
Calibration Factors X ’ Y z
High Range 403.865 = 0.02% (k=2) | 403.585 + 0.02% (k=2) | 403,805 = 0,02% (k=2)
Low Range 3.05808 + 1.50% (k=2) | 3.88039 = 1.50% (k=2) | 3.86763 £ 1.50% (k=2)

Connector Angle

Connector Angle o be usad in DASY system 61.0%+1°

Carfificata No: DAE4-1527_Jun22 Page 3 of §

©Copyright. All rights reserved by SAICT Page 309 of 412



.
w777
— 5 No.I23N00016-SAR

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

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200047.58 1.88 0.00
Channel X + Input 2000761 134 0.
Channel X - Input -20004.08 1.79 -0.01
Channel ¥ + nput 200037 45 1.53 .00
Channel ¥ + Input 20002 68 3,42 -0.02
Channel ¥ - Input -20007.47 -1.14 0.0
Channel Z + Input 20003773 217 0.00
Channel Z + Input 20006.72 034 <000
Channel 2 - Input -20006.63 .48 0.00
LLow Range Reading (uV) Difference (pV) Error (%)
Channel X + Input 2007.28 D15 0,01
Channel X + input 201.70 016 0.08
Channel X - Input -198.10 0.4 -0.24
Channel ¥ + Input 2001 .44 0.uF 0.00
Channel Y + Input 201.07 0.21 011
Channel ¥ = Input -19%.66 -0.88 0.50
Channel Z + Input 200152 021 Q.01
Channel 2 + Input 200,81 041 020
Channel Z = Input -198.00 015 0.07
2. Common mode sensitivity
DAY measuremant parameters: Aule Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 -3.95 5.3
- 200 5.86 407
Channel ¥ 200 -16.18 -16.25
- 200 Tt 14.34
Channel Z 200 30 2.86
- 200 383 413

3. Channel separation
DASY measuremant paramatens: Auto Zero Time: 3 sec: Measuring time: 3 sec

Input Valtage (mV)

Channel X {pV)

Channel ¥ (uV)

Channel Z (uV)

Channel X 200 . .68 -2.76

Channel ¥ 200 543 - 1.3

Channel Z 200 10.73 329 .
Cerificate Mo: DAE4-1527_Jun22 Paged of 5
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4. AD-Converter Values with inputs shorted
DASY measurameant parameters: Auto Zer Time: 3 sed Measuting lime: 3 seo

High Range (LSB) Low Range (LSB)
Channel X 16062 17078
Channel ¥ 15965 16219
Channei Z 15858 13556

5. Input Offset Measurement
DASY measureman! paameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

Inpuat 10MLY

Average(uV) | min. Offset (V) | max. Offset(uv) | o ?:;,")"“""
Channel X 1.40 .30 228 035
Channel Y -0.62 -1.30 .47 0.33
Channe! Z 018 -0.90 0.60 0.31

6. Input Offset Current
Naminal Input sireuitry offset current on all channels: <254

7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel 2 200 200
8.

Low Battery Alarm Voltage (Typical values for intormation)
Typical values

Supply (+ Vec)

Alarm Level (VDC)

+7.8
Supply (- Vee) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off {mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vee) -0 B -
Certificate Mo! DAEL-1527 _Junz2 Fagesol 5
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CALIBRATION CERTIFICATE
Object DAE4 - SN: 1331
Calibration Procedure(s) FF-Z11-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date:

pages and are part of the certificate.

humidity<70%:

September 15, 2022

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

All calibrations have been conducled In the closed laboratory facllity: environment temperature22:3)°C and

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 14-Jun-22 (CTTL, No.J22X04180) Jun-23

Name Function Signature
Coforand y: Yu Zongying SAR Test Engineer é_-‘-@
Reviewed by: Lin Hao SAR Test Engineer ﬂ:}' ,;%-:-;_-_-f-
Approved by: Qi Dianyuan SAR Project Leader 0 i

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

Issued: September 16, 2022

Cernificate Noi Z22-60394
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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.

« Conneclor 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: Z222-60394 Page 2 of 3
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Add: No.2 HuaYuanBei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-A2W4633-2117
F-muil: cmficaiet.ae.cn hERDy W galictag.cn

DC Voltage Measurement
AD - Converter Resolution nominal

High Range: 1LSB = B.uV, full range = -100...+300 mV
Low Range: LS8 = GinV , full range = Aevrn A3MV
DASY measurement parametors: Auto Zerd Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 405.329 + 0,15% (k=2) | 405.405 + 0.15% (k=2) | 405171 £ 0.15% (k=2)
Low Range 306458 + 0.7% (k=2) | 4.00778 + 0.7% (k=2) | 4.00815 £ 0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 95°t+1°
Centificate No: Z22-60394 Page 1 of 3
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CALIBRATION LABCRATORY

Add: Wo.52 HusYuanBei Read. Haidian District, Betjing. 100191, China i
Tel: +86-10-62304633-2117 ks
E-mail: etthachinatl.com httpr wwwcaict ac.cn

Ciient r‘_SAICT Certificate No: Z22-60124
CALIBRATION CERTIFICATE |

Object EX30V4 - 8N : 7621

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

Calibration Procedures for Dosimetric E-field Probes

‘ Calibration date: May 06, 2022

| 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 cerfificate.
All calibrations have been conducted in the closed laboratory faciity. environment temperature(22+3yt and
humidity<70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards ID# Cal Date(Ca_Iibrated_bgj_(_?e_f_ﬁﬁcate MNo.) Scheg:_t_l._l_lgd Calibration
Power Meter NRP2 101919 15-Jun-21{CTTL, No.J21X04466) Jun-22
Power sensar NRP-Z91 101547 15-Jun-21{CTTL, No.J21XD4468) Jun-22
Power sensor NRP-Z91 101548 15-Jun-2 1{CTTL, No.J21X04466) Jun-22
Reference 10dBAttenuator | 18NBOW-10dB  20-Jan-ZH{CTTL, No.J21X00486) Jan-23
Reference 20dBAfttenuator | 1BNSOW-20dB 20-Jan-21(CTTL, No.J21X00485) Jan-23
Reference Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG, No.EX3-T464_Jan22) Jan-23 |
DAE4 SN 1558 20-Aug-21(SPEAG, No DAE4-1555_Aug21/2)  Aug-22 :
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 16-Jun-2 1{CTTL, No.J21X04467) Jun-22
Network Analyzer ES5071C MY48110673 14-Jan-22{CTTL, No.J22XD0406) Jan-23
Name Function Srgnatire
s Yu Zongying SAR Test Enginser S g
Reviewed by: Lin Hao SAR TestEnginesr I gk ool
Approved by: Hi Gian . S s
PET SAR Project Leader C';;%"-S\l/

| Issued: May 23, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z222-60124 Page 1 of 9
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Add; bo.52 HuaYuanitel Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2117
E-mail: citbachinatil.com it . caict acen
Glossary:
TSL tissue simulating liquid
NORMx v,z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y.z
DCpP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Paolarization ¢ & rotafion arcund probe axis

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

8=0 is normatl to probe axis

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for 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 §2208-2, "Procedure to determine the Specific Absorption Rata (SAR) for wireless communication
devices used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

»  NORMXx y,z: Assessed for E-field pelarization 8=0 (fs900MHz in TEM-cell: == 1800MHz: waveguide).
NORMyx,y,z are only intermediate values, i.e., the uncertainties of NORMx.y,z does not effect the
E* Hield uncertainty inside TSL (see below ConvF),

»  NORM(flx. ).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.

* DCPx yz: DCP are numerical linearization parameters assessed based on the data of power sweep
{no uncertainty required). DCP does not depend on frequency nor media,

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

e Axyz Bx.yz CxyzVRx.yzAB,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 f<800MHz) 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 fo the boundary.
The sensitivity in TSL corresponds to NORMx.y,z* ConvE whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

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

e Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required),
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:7621

Basic Calibration Parameters

- |SenserX  [SensorY  |[Sensorz [ Unc (k=2)
Norm(uV/(Vim)?)* o7 0.71 ~ |oss | £10.0%
DCP{mV) [ 1117 111.8 115.7 | T
Modulation Calibration Parameters
uip Communication | _Th 8 c D | VR [UncE

System Name ‘ | dB dB.pV | dB | mV (k=2)

0 cw [x Joo |00 10 |000 2108 [3.5%
Y oo (00 |10 2186
L - E To.o |00 1.0 | 190.8

The reported uncertainty of measurement is stated as the standard uncertainty of

Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds fo a coverage probability of approximately 95%.

# The uncertainties of Norm X, ¥, Z do not affect the E=-field uncertainty inside TSL (see Page 4).
& Mumerical 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.
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7621

Calibration Parameter Determined in Head Tissue Simulating Media

| M Pe:ii::'l:i:y*' C""”:;f::‘;f’ ConvF X | ConvE Y | ConvF Z ! Alpha® Tﬂ‘ﬁf :::;
| 750 | a8 | os 142 | 1142 | 142 | 048 | 144 | +121% |
| s0 | 415 0.97 10.68 10.68 1068 | 0414 | 144 | +121% |
| 1450 | 405 1.20 9.65 965 | 965 | 021 | 0981 | +121%
| 1750 | 404 137 9.22 922 | 922 031 | 080 | +121%
| 1900 40.0 1.40 8.90 8.90 8.90 035 | 084 | +121%
| 2100 398 1.49 8.95 8.95 895 | 023 | 113 | +121%
2300 39.5 167 5.60 8.60 8.60 044 | 078 | £121%
2450 39.2 1.80 8.17 8.17 847 | 049 | 078 | +124% |
2600 39.0 1.96 7.93 793 | 7.93 | 051 | 075 | +121%
3300 38.2 2.71 7.74 774 | 174 | 045 | 092 | £13.3%
3500 37.9 2.91 7.56 766 | 756 | 044 | 1.00 | £13.3%
| 3700 37.7 3.12 7.18 748 | 748 | 038 | 106 | +13.3%
3900 37.5 3.32 7.26 7.26 726 | 035 | 135 | £13.3%
| 4100 372 3.53 721 | 721 | 721 | 025 | 130 | +13.3%
4400 | 369 | 3.4 7.01 701 | 7.0 025 | 185 | £13.3%
| 4800 36.7 4.04 6.90 6.90 | 690 | 030 | 1.72 | +13.3%
| 4800 36.4 4.25 679 | 679 679 | 030 | 185 | +13.3%
4950 36.3 4,40 644 | 644 | 644 | 030 | 1.80 | +13.3%
5250 35.9 ar 5.98 598 @ 598 035 | 183 | +13.3%
5600 35.5 5.07 5.47 547 | 547 | 040 | 1.55 | £13.3%
5750 364 5.22 540 540 | 540 | 040 | 155 | £13.3%

& Frequency validity above 300 MHz of +100MHz oniy 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, 84, 128,
150 and 220 MHz respectively, Above 5 GHz frequency validity can be extended to = 110 MHz.

" At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to £10% if liguid comperisation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue paramsters.

“ Alpha/Depth are determingd 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 3-8 GHz at any distance larger than haif 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: £7.4% (k=2)
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)

Certificate No:Z22-60124 Page 6 of &

©Copyright. All rights reserved by SAICT Page 320 of 412



No.I23N00016-SAR

" g Clisbarstion with
=777 s p e ag CAICT

Add: M52 HuaYuanBei Foad. Haidian Districe, Beijing. 10198, China
Tek +86-10-62304633-2117
E-meail: cttlaehingtti.com hittpewwowseaiet se.en

Dynamic Range f(SARnead)
(TEM cell, f =900 MHz)
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Uncertainty of Linearity Assessment: 0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: +3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7621

_ Other Probe Parameters

; Sensor Arrangement Triangular
| Connector Angle (°) 95.4
: Mechanical Surfac:Detection Mode N enabled
:. Optical S_urface Detection_a-ﬁode disable
::robe Overall Length ) 337Tmm
Probe Body Diaméter 10mm
| Tip Length B - 9mm
Tip Diameter . 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point _ imm
i Probe Tip to Sensor Z Calibration Poh; . 1mm
| Recommended Me.;sureme-nt Distance from Surface 1.4mm

Certificate No:Z22-60124 Page 4 of &

©Copyright. All rights reserved by SAICT

Page 323 of 412



S No.I23N00016-SAR
" In Collaboration with
e,

777s b e a g . o~ i CAICT
i i CNAS
Tel: ;az-'m-s;;omsz-z'lf;‘d' _— 0 i i m CNAS LMI%N
E-mail: emfl@caict.ac.cn http://www.caict.ac.cn
Client CTTL Certificate No:  Z22-60492

Object EX3DV4-SN:7600

Calibration Procedure(s) FE-Z11-00402

Calibration date: December 10,2022

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(2243)°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 14-Jun-22(CTTL, No.J22X04181) Jun-23
Power sensor NRP-Z91 101547 14-Jun-22(CTTL, No.J22X04181) Jun-23
Power sensor NRP-Z91 101548 14-Jun-22(CTTL, No.J22X04181) Jun-23
Reference 10dBAttenuator | 18BN50W-10dB  20-Jan-21(CTTL, No.J21X00486) Jan-23
Reference 20dBAttenuator | 18N50W-20dB 20-Jan-21(CTTL, No.J21X00485) Jan-23
Reference Probe EX3DV4 | SN 3846 20-May-22(SPEAG, No.EX3-3846_May22) May-23
DAE4 SN 771 20-Jan-22(SPEAG, No.DAE4-771_Jan22) Jan-23
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605  14-Jun-22(CTTL, No.J22X04182)

Network Analyzer E5071C | MY46110673  14-Jan-22(CTTL, No.J22X00406)

Name
Calibrated by: Yu Zongying
Reviewed by: Lin Hao
Approved by: Qi Dianyuan

Issued: December 15, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ® @ rotation around probe axis

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

6=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the 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
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

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

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

Methods Applied and Interpretation of Parameters:

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

NORMXx,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.

e Ax\yz Bx,yz Cxyz;VRxyz:AB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<B00MHz) 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.

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

« Connector Angle: The angle is assessed using the information gained by determining the NORMXx
(no uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 7600

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uVi(Vim)*)A 0.68 0.65 0.67 +10.0%
DCP(mV)? 108.3 108.6 106.4

Calibration Results for Modulation Response

uiD Communication System Name A B [ D VR Max Max
dB | dBVuVv dB mV Dev. | UncE
(k=2)
[1] cw X 0.0 0.0 1.0 0.00 [ 2220 | +2.3% | +4.7%
Y 0.0 0.0 1.0 205.6
z 0.0 0.0 1.0 214.3
10352-AAA | Pulse Waveform (200Hz, 10%) X 172 | 61.18 | 6.53 60 +2.5% | $9.6%
Y 2.00 | 6200 | 7.00 | 1000 | 60
F 4 156 | 60.54 | 6.13 60
10353-AAA | Pulse Waveform (200Hz, 20%) X 0.890 | 60.00 | 454 80 +25% | 18.6%
Y 8.00 | 72.00 | 9.00 | 6.99 80
z 0.80 | 60.00 | 467 80
10354-AAA | Pulse Waveform (200Hz, 40%) X 0.01 | 126.756 | 1.31 95 +2.5% | +9.6%
Y 0.06 | 131.27 | 083 | 398 95
Z 042 | 15144 | 020 95
10355-AAA | Pulse Waveform (200Hz, 60%) X 0.00 | 156.99 | 37.01 120 | $1.4% | +9.6%
Y 17.38 | 130.82 | 12.32 | 222 120
Z 0.38 | 15740 | 17.73 120
10387-AAA | QPSK Waveform, 1 MHz X 047 | 6032 | 9.42 150 | #4.1% | £9.6%
Y 042 | 6155 | 1068 | 1.00 150
£ 055 | 63.14 | 11.19 150
10388-AAA | QPSK Waveform, 10 MHz X 1.18 | 63.27 | 12.03 150 | +1.4% | 19.6%
i A 1.14 | 64.75 | 1247 | 0.00 150
z 1.34 | 65.50 [ 13.32 150
10396-AAA | 64-QAM Waveform, 100 kHz X 1.76 | 64.72 | 16.38 150 | £1.0% | 19.6%
¥ 1.79 | 6561 | 16.95 | 3.01 150
Zz 1.76 65.10 16.84 150
10414-AAA | WLAN CCDF, 64-QAM, 40MHz X 303 | 66.14 | 15.11 150 | +4.3% | 19.6%
Y 367 | 66.34 | 15.09 | 0.00 150
z 387 | 66.06 | 15.156 150

Note: For details on UID parameters see Appendix

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

A The uncertainties of Norm X, Y, Z do not affect the E>-field uncertainty inside TSL (see Page 5).

8 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.
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 7600

Sensor Model Parameters

c1 c2 a T T2 T3 T4 T5 T6
fF fF v ms.V? | ms.V! ms V2 v
X 10.42 | 74.86 32.79 1.01 0.00 4.90 0.32 0.00 1.01
Y 7.54 54.24 32.96 0.97 0.00 4.90 0.34 0.00 1.01
z 10.07 72.74 33.22 2.19 0.00 4.90 0.00 0.04 1.01
Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (°) 43.4
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
Certificate No:Z22-60492 Page 4 of 22
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:7600

Calibration Parameter Determined in Head Tissue Simulating Media

f MHz)° Pe::li:::\‘:;y" c°"°::’°r:')’?y ConvF X | ConvF Y | ConvF Z | Alpha® D(::’::‘)G :":2:
750 419 0.89 1099 | 1098 | 10989 | 046 | 147 | +12.7%
900 45 0.97 1045 | 1046 | 1046 | 016 | 130 | £12.7%
1450 405 1.20 9.30 9.30 930 | 042 | 112 | £12.7%
1760 401 1.37 9.00 9.00 900 | 024 | 106 | £12.7%
1900 400 1.40 8.70 8.70 870 | 021 | 109 | +12.7%
2000 400 1.40 8.58 8.58 858 | 020 | 114 | +12.7%
2300 396 167 8.23 8.23 823 | 034 | 090 | +12.7%
2450 39.2 1.80 7.96 7.96 796 | 048 | 072 | +12.7%
2600 39.0 1.96 7.78 7.78 778 | 042 | 089 | +12.7%
3300 38.2 2.71 7.62 752 | 752 | 039 | 089 | +13.9%
3500 37.9 2.91 7.30 730 | 730 | 035 | 1.01 | +13.9%
3700 377 312 7.09 708 | 7.09 | 033 | 105 | +13.9%
3900 37.5 3.32 6.90 6.90 890 | 030 | 150 | £13.9%
4100 37.2 3.53 6.84 6.84 684 | 030 | 1.40 | £13.9%
4200 37.1 363 6.76 6.76 676 | 030 | 150 | £13.9%
4400 36.9 3.84 6.65 6.65 665 | 030 | 1.50 | £13.9%
4600 367 4.04 6.65 6.55 6.55 | 040 | 1.30 | +13.9%
4800 36.4 4.25 6.50 6.50 6.50 | 040 | 1.33 | £13.9%
4950 36.3 4.40 6.25 6.26 6256 | 040 | 135 | £13.9%
5250 36.9 471 5.66 5.66 566 | 040 | 150 | £13.9%
5600 355 5.07 4.96 4.96 496 | 040 | 165 | +13.9%
5760 354 5.22 513 5.13 513 | 040 | 160 | +13.9%

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

1.5

1.4
13
12

1.1~ Fmre

Frequency response(nor malized)

—
0.9
0.8
0.7
0.6
0.5 '

500 1000 1500 2000 2500 3000

f[MHz]
* TEM *R22

Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22

Tot ~X ~Y =z Tot —=X —Y -1z
1.0 T
o.s
................... 1 | s
§ -8 E|s g | fFe—e—8 g =
= | -~ -t =
E 99 !‘fﬂ S e—3pa PP, R e S e
(Y] | | "
-o.s
~A 6 L
-1s0 -100 -50 o s0 100 150
Roli[=]
-~ 100MHz - 600MHz - 1800MHz ~ 2500MH=z
Uncertainty of Axial [sotropy Assessment: +£1.2% (k=2)
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Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)

Input Signal[uV]

i h

10° 10’

13“
SAR[mW/cm?]
—8 ot P |

10° 10

o 10'
SAR[mW/em’]

—&— not com| —&— com|

Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)

304

in

~
o

SAR[WG/KG /W
in
—
SAR[WG/KG /W
-
&
=
- 4

-
o
=

|
/
/

-1.0 -0.80 -0.60 -040 -0.20 0.0 020 040 060 080 10

Uncertainty of Spherical Isotropy Assessment: 13.2% (k=2)
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