COMMERCIAL-IN-CONFIDENCE

Product Service

WLAN 5180MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS —-2D

SYSTEM/ SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 19/11/2014-15:13:12 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.10°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 37.90% CONDUCTIVITY: 4575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.90°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 24.80mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: | -173.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 3.541
TEST FREQUENCY: 5180.0MHz SAR 1g: 0.12 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.170 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.186 W/kg
PROBE BATTERY LAST 19/11/2014 SAR DRIFT DURING SCAN: 9.200 %
CHANGED:
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Figure 60: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 19/11/2014-15:38:35 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.10°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 37.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.90°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 24.40mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: | -174.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 3.155

TEST FREQUENCY: 5180.0MHz SAR 1¢: 0.09 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.136 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.142 W/kg
PROBE BATTERY LAST 19/11/2014 SAR DRIFT DURING SCAN: 4.200 %
CHANGED:

Figure 61: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 19/11/2014-16:29:46 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.10°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 37.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.90°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 34.40mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: | -108.40mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 1.557

TEST FREQUENCY: 5180.0MHz SAR 1¢: 0.03 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.032 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.032 W/kg
PROBE BATTERY LAST 19/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 62: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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SYSTEM/ SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 19/11/2014-17:00:29 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.10°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 37.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.90°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: -3.60mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: -131.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 1.148
TEST FREQUENCY: 5180.0MHz SAR 1g: 0.06 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.057 Wikg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.057 Wikg
PROBE BATTERY LAST 19/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 63: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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WLAN 5180MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS - 2D

SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-06:44:05 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 48.74
RELATIVE HUMIDITY: 37.40% CONDUCTIVITY: 5.038
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: 30.90mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: 1.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.847
TEST FREQUENCY: 5180.0MHz SAR 1g: 0.04 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.052 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.052 W/kg
PROBE BATTERY LAST 21/11/2014 SAR DRIFT DURING SCAN: 0.300 %
CHANGED:
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Figure 64: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 21/11/2014-07:03:14 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 48.74
RELATIVE HUMIDITY: 37.40% CONDUCTIVITY: 5.038
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -28.80mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 1.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 8.111

TEST FREQUENCY: 5180.0MHz SAR 1g: 0.29 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.460 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.481 W/kg
PROBE BATTERY LAST 21/11/2014 SAR DRIFT DURING SCAN: 4.900 %
CHANGED:
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Figure 65: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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SYSTEM /| SOFTWARE: SARA-C/ v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 21/11/2014-07:56:52 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 48.74
RELATIVE HUMIDITY: 37.40% CONDUCTIVITY: 5.038
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 10.50mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: | 1.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 6.467

TEST FREQUENCY: 5180.0MHz SAR 1¢: 0.18 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.274 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.266 W/kg
PROBE BATTERY LAST 21/11/2014 SAR DRIFT DURING SCAN: -2.700 %
CHANGED:
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Figure 66: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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SYSTEM /| SOFTWARE: SARA-C/ v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 21/11/2014-08:17:19 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 48.74
RELATIVE HUMIDITY: 37.40% CONDUCTIVITY: 5.038
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 18.90mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: | 1.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.922

TEST FREQUENCY: 5180.0MHz SAR 1¢: 0.04 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.042 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.042 W/kg
PROBE BATTERY LAST 21/11/2014 SAR DRIFT DURING SCAN: -0.700 %
CHANGED:
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Figure 67: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5180.0MHz.
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WLAN 5260MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS - 2D

SYSTEM / SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 20/11/2014-08:02:47 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 23.40mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: -171.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 3.857
TEST FREQUENCY: 5260.0MHz SAR 1g: 0.12 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.228 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.245 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 7.300 %
CHANGED:
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Figure 68: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 20/11/2014-08:32:12 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 23.10mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: | -172.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.529

TEST FREQUENCY: 5260.0MHz SAR 1¢: 0.13 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.238 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.238 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 69: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 20/11/2014-06:40:07 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 40.10mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: | -108.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.685

TEST FREQUENCY: 5260.0MHz SAR 1¢: 0.05 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.071 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.071 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 7.000 %
CHANGED:
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Figure 70: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 20/11/2014-07:06:25 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | -1.80mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: | -133.30mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.626

TEST FREQUENCY: 5260.0MHz SAR 1¢: 0.07 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.068 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.068 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 71: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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WLAN 5260MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS - 2D

SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-11:56:29 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.30% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -51.40mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: 37.90mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.521
TEST FREQUENCY: 5260.0MHz SAR 1g: 0.02 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.038 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.038 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 72: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 21/11/2014-12:16:14 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.30% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -40.90mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: -27.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 8.716

TEST FREQUENCY: 5260.0MHz SAR 1g: 0.34 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.559 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.560 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.200 %
CHANGED:
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Figure 73: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-10:55:54 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.30% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | -42.80mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: | 9.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 6.796
TEST FREQUENCY: 5260.0MHz SAR 1g: 0.18 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.287 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.290 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 1.000 %
CHANGED:
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Figure 74: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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SYSTEM /| SOFTWARE: SARA-C/ v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 21/11/2014-11:14:02 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.92
RELATIVE HUMIDITY: 35.30% CONDUCTIVITY: 4.575
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 25.70mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: | 26.30mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.804

TEST FREQUENCY: 5260.0MHz SAR 1¢: 0.03 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.045 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.045 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 75: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5260.0MHz.
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WLAN 5640MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS - 2D

SYSTEM/ SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 20/11/2014-09:43:53 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.05
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.940
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 23.30mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: | -172.40mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.715
TEST FREQUENCY: 5640.0MHz SAR 1g: 0.18 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.146 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.146 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 76: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 20/11/2014-10:20:09 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.05
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.940
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 26.80mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: | -175.40mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.860

TEST FREQUENCY: 5640.0MHz SAR 1¢: 0.05 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.112 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.103 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: -8.500 %
CHANGED:

T
: Tk
e it AT
A
[T FERt
T
T Ti]
=100 O e
.
I il'l |
e |
200 SEEELYREE
"u.]"n.l\l'l.lliil.laii.lll H
AR
=250
200 r _*L""'"'""'T'-'; ................................ ;' .................. :
I I y
150 160 =0 [:} TEn =100 ~150
¥ Lmam)

Figure 77: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 20/11/2014-11:19:26 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.05
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.940
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 1.60mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: | -117.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.164

TEST FREQUENCY: 5640.0MHz SAR 1¢: 0.04 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.047 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.047 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 78: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.08 INPUT POWER DRIFT: 0dB

DATE / TIME: 20/11/2014-11:49:32 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Head
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 35.05
RELATIVE HUMIDITY: 35.90% CONDUCTIVITY: 4.940
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | -8.40mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: | -143.90mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.004

TEST FREQUENCY: 5640.0MHz SAR 1¢: 0.03 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A

MODN. DUTY CYCLE: 100% SAR START: 0.021 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.021 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 79: SAR Head Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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WLAN 5640MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS - 2D

¥ horizenTal Cem)

SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-13:08:51 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 47.74
RELATIVE HUMIDITY: 44.30% CONDUCTIVITY: 5.514
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -44.70mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: 39.30mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 2.818
TEST FREQUENCY: 5640.0MHz SAR 1g: 0.04 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.060 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.060 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 80: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-13:31:52 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 47.74
RELATIVE HUMIDITY: 44.30% CONDUCTIVITY: 5.514
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -47.40mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: -21.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 5.616
TEST FREQUENCY: 5640.0MHz SAR 1g: 0.13 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.238 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.247 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 3.500 %
CHANGED:
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Figure 81: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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SYSTEM /| SOFTWARE: SARA-C/ v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-14:09:45 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 47.74
RELATIVE HUMIDITY: 44.30% CONDUCTIVITY: 5.514
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | -38.40mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: | 7.30mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 5.496
TEST FREQUENCY: 5640.0MHz SAR 1¢: 0.13 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.213 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.213 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.400 %
CHANGED:
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Figure 82: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.
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SYSTEM /| SOFTWARE: SARA-C/ v6.09.08 INPUT POWER DRIFT: 0dB
DATE / TIME: 21/11/2014-14:28:34 DUT BATTERY MODEL/NO: Integral
AMBIENT TEMPERATURE: 22.90°C LIQUID SIMULANT: 5000Body
DEVICE UNDER TEST: SHV31 RELATIVE PERMITTIVITY: 47.74
RELATIVE HUMIDITY: 44.30% CONDUCTIVITY: 5.514
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 19.20mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: | 14.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 3.691
TEST FREQUENCY: 5640.0MHz SAR 1¢: 0.05 W/kg
TYPE OF MODULATION: WLAN (OFDM) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.086 W/kg
INPUT POWER LEVEL: 14.5dBm SAR END: 0.086 W/kg
PROBE BATTERY LAST 20/11/2014 SAR DRIFT DURING SCAN: 0.000 %
CHANGED:
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Figure 83: SAR Body Testing Results for the Sharp SHV31 Mobile Handset at 5640.0MHz.

Document 75928148 Report 21 Issue 2 Page 123 of 133

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

SECTION 3

TEST EQUIPMENT USED
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TEST EQUIPMENT USED
The following Test equipment used at TUV SUD Product Service:
Cal I
Instrument Description Manufacturer Model Type LE Period Calibration
umber Due Date
(months)
Signal Generator Hewlett Packard ESG4000A 38 12 21-May-2015
10MHz - 2.5GHz, 3W, Vectawave Technology VTL5400 51 - TU
Amplifier
Directional Coupler Krytar 1850 58 - TU
Power Sensor Rohde & Schwarz NRV-Z1 60 12 11-Jun-2015
Signal Generator Hewlett Packard ESG4000A 61 12 1-Jul-2015
Thermometer Digitron T208 64 12 29-Apr-2015
Thermocouple (Type K) TUV SUD Product TYPE K 65 12 29-Apr-2015
Service

Amplifier (5GHz) IndexSar Ltd 5GHz 157 - TU
Power Sensor Rohde & Schwarz NRV-Z1 178 12 20-May-2015
Communications Tester Rohde & Schwarz CMU 200 442 12 8-Dec-2014
Directional Coupler Hewlett Packard 11692D 452 - TU
Attenuator (20dB, 10W) Weinschel 37-20-34 482 12 22-Oct-2015
Attenuator (20dB, 20W) Narda 766F-20 483 12 4-Jun-2015
Dipole Positioner/Support | IndexSar Ltd IXH-020 1585 - TU
(plastic)
Bi-directional Coupler IndexSar Ltd 7401 (VDCO0830- 2414 - TU

20)
Validation Amplifier IndexSar Ltd VBM2500-3 2415 - TU
(10MHz - 2.5GHz)
Hygromer Rotronic 1-1000 2784 12 10-Apr-2015
Power Sensor Rohde & Schwarz NRV- Z5 2878 12 11-Jun-2015
Antenna Katherin Scala Division 0G-890/1990/DC | 2905 - TU
(Omnidirectional)
Antenna Katherin Scala Division 0G-890/1990/DC 2906 - TU
(Omnidirectional)
Power Meter Rohde & Schwarz NRVD 2979 12 20-May-2015
Hygrometer Rotronic 1-1000 3068 12 10-Apr-2015
Dual Channel Power Rohde & Schwarz NRVD 3259 12 12-Jun-2015
Meter
Signal Generator: 10MHz | Rohde & Schwarz SMR20 3475 12 10-Feb-2015
to 20GHz
Power Sensor Rohde & Schwarz NRV-Z1 3563 12 20-May-2015
Meter & T/C R.S Components Meter 615-8206 & | 3612 12 24-Sep-2015

Type KT/C
SAR 1800 MHz dipole Speag D1800V2 3855 36 19-Feb-2017
SAR 900 MHz dipole Speag D900V2 3856 36 19-Feb-2017
SAR 835 MHz dipole Speag D835V2 3857 36 19-Feb-2017
SAR 2450 MHz dipole Speag D2450V2 3875 36 19-Feb-2017
SAR 1900 MHz dipole Speag D1900V2 3876 36 19-Feb-2017
Head Phantom IndexSar Ltd IXB-040 Inverted 4075 - TU

SAM phantom
Part of SARAC System IndexSar Ltd Robot Controller 4076 - TU
Part of SARAC System IndexSar Ltd Cartesian Leg 4078 - TU

Extension
Cartesian 4-axis Robot IndexSar Ltd SARAC 4079 - TU
Part of SARAC System IndexSar Ltd White Benchtop 4080 - TU
Part of SARAC System IndexSar Ltd Wooden Bench 4081 - TU
Wideband Radio Rohde & Schwarz CMW 500 4144 12 7-Nov-2015
Communication Tester
Head Phantom IndexSar Ltd IXB-040 Inverted 4254 - TU

SAM phantom
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TE cal Calibration
Instrument Description Manufacturer Model Type Period
Number Due Date
(months)
Part of SARAC System IndexSar Ltd Wooden Bench 4266 - TU
Part of SARAC System IndexSar Ltd Robot Controller 4267 - TU
Cartesian 4-axis Robot IndexSar Ltd SARAC 4269 - TU
Part of SARAC System IndexSar Ltd White Benchtop 4270 - TU
SAR 5GHz Di-pole Speag D5GHzV2 4309 - TU
SAR Probe IndexSar Ltd IPX-020 4443 24 23-Apr-2015
SAR Probe IndexSar Ltd IPX-025 4444 24 21-Mar-2016
Immersible SAR Probe IndexSar Ltd IXP-025 4310 24 21-Mar-2016
Immersible SAR Probe IndexSar Ltd IXP-021 4311 24 21-Mar-2016
Immersible SAR Probe IndexSar Ltd IPX-050 4313 24 7-Mar-2015
Immersible SAR Probe IndexSar Ltd IPX-020 4317 24 24-Apr-2015
700MHz Head Fluid IndexSar Ltd Batch 20 N/A 1 06-Dec-2014
700MHz Body Fluid IndexSar Ltd Batch 13 N/A 1 06-Dec-2014
835MHz Head Fluid IndexSar Ltd Batch 20 N/A 1 06-Dec-2014
835MHz Body Fluid IndexSar Ltd Batch 13 N/A 1 06-Dec-2014
1900MHz Head Fluid IndexSar Ltd Batch 8 N/A 1 06-Dec-2014
1900MHz Body Fluid IndexSar Ltd Batch 4 N/A 1 06-Dec-2014
2450MHz Head Fluid IndexSar Ltd Batch 11 N/A 1 06-Dec-2014
2450MHz Body Fluid IndexSar Ltd Batch 7 N/A 1 06-Dec-2014
5000MHz Head Fluid IndexSar Ltd Batch 4 N/A 1 06-Dec-2014
5000MHz Body Fluid IndexSar Ltd Batch 3 N/A 1 06-Dec-2014
TU — Traceability Unscheduled
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3.2 TEST SOFTWARE

The following software was used to control the TUV SUD Product Service SARAC System.

Instrument Version Number Date
SARA-C system v.6.09.08 23 July 2014
IFA-10 Probe amplifier Version 2
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The fluid properties of the simulant fluids used during routine SAR evaluation meet the dielectric
properties required KDB 865665.

IEEE 1528 Recipes

Frequency | 300 450 835 900 1450 1800 1900 1950 | 2000 2100 2450 3000
(MHz)
Recipe# 1 1 | 3 1 1 | 2 | 3 1 1 | 2 | 2 | 3 1 2 4 1 1 2 2 3 2
Ingredients (% by weight)
1, 2-Pro- 64.81
panediol
Bactericide | 0.19 | 0.19 | 0.50 0.10 0.10 0.50 0.50
Diacetin 48.90 49.20 49.45
DGBE 45.4147.00| 13.84 | 44.92 44.94113.84|45.00|50.00|50.00(7.99 | 7.99 7.99
HEC 0.98 | 0.96 1.00 1.00
NaCl 595 | 395 | 1.70 1.45 1481079 | 1.10 | 0.67 | 0.36 | 0.35 | 0.18 | 0.64 | 0.18 | 0.35 0.16( 0.16 0.16
Sucrose | 55.32|56.32 57.00 56.50
I Triton X-100) 30.45 30.45 19.97| 19.97 19.97
Water [37.56|38.56|48.90| 40.45 40.92|34.40|49.20|53.80 | 52.64 | 55.36 | 54.90 | 49.43 [ 54.90 | 55.36 | 55.00 | 50.00 | 50.00 |71.88| 71.88 | 49.75 | 71.88
Measured dielectric parameters
€, 46.00 | 43.40 | 44.30 41.60 41.20|41.80|42.70| 40.9 | 39.3 | 41.00 |40.40 | 39.20 [ 39.90 | 41.00 | 40.10| 37.00 | 36.80 |41.1040.30| 39.20 |37.90
o (S/m) | 0.86 | 0.85 | 0.90 0.90 098 | 097 [ 0.99 | 1.21 | 1.39 | 1.38 | 1.40 | 1.40 | 1.42 [ 1.38 [ 1.41 | 1.40 | 1.51 | 1.55|1.88| 1.82 | 2.46
Temp (°C) | 22 22 20 22 22 22 20 22 22 21 22 20 21 21 20 22 22 | 20 | 20 20 20
Target dielectric parameters (Table 2)
€, 45.30 43.50 415 41.50 40.50 40.00 39.80 39.20 38.50
o (S/m) | 0.87 0.87 0.9 0.97 1.20 1.40 1.49 1.80 2.40
INOTE — Multiple columns for any single frequency are optional recipe #, reference: 1 (Kanda et al. [B185]), 2 (Vigneras [B143]), 3 (Peyman and Gabriel [B119]),
4 (Fukunaga et al [B50])

The dielectric properties of the tissue simulant liquids used for the SAR testing at TUV SUD
Product Service are as follows:-

Fluid Type and Relative Permittivity Relative Permittivity Conductivity Conductivity
Frequency eR (¢’) Target eR (¢’) Measured o Target o Measured
700 MHz Body 55.7 55.45 0.96 0.99
835MHz Head 41.5 43.43 0.90 0.92
835MHz Body 55.2 56.90 0.97 1.00
1900MHz Head 40.0 41.41 1.40 1.46
1900MHz Body 53.3 52.82 1.52 1.59
2450 MHz Head 39.2 37.88 1.80 1.78
2450MHz Body 52.7 50.73 1.95 1.99
5200MHz Head 36.0 35.92 4.66 4.58
5200MHz Body 49.0 48.74 5.30 5.04
5500MHz Head 35.6 35.05 4.96 4.94
5500MHz Body 48.6 47.74 5.65 5.51
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3.4 TEST CONDITIONS
3.4.1 Test Laboratory Conditions
Ambient temperature: Within +15°C to +35°C.
The actual temperature during the testing ranged from 22.7°C to 23.1°C.
The actual humidity during the testing ranged from 23.4% to 43.3% RH.
3.4.2 Test Fluid Temperature Range
Frequency Body / Head Fluid Min Temperature °C Max Temperature °C
700MHz Body 23.0 23.1
835MHz Head 23.1 23.1
835MHz Body 23.0 23.0
1900MHz Head 23.1 23.1
1900MHz Body 23.0 23.0
2450MHz Head 22.9 22.9
2450MHz Body 22.9 22.9
5200MHz Head 22.9 23.0
5200MHz Body 23.0 23.1
5500MHz Head 23.0 23.0
5500MHz Body 23.0 23.0

343 SAR Drift
The SAR Drift was within acceptable limits during scans. The maximum SAR Drift, drift due to
the handset electronics, was recorded as 9.2% (0.92 dB) for head and 8.5% (1.09 dB) for body.

The measurement uncertainty budget for this assessment includes the maximum SAR Drift
figures for Head and/or Body as applicable.
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35 MEASUREMENT UNCERTAINTY
Head SAR Measurements.
Source of Description Tolerance / Probability c Standard Vi
Uncertainty Uncertainty distribution | Div (1' ) Uncertainty or
+% 9 + % (1g) Vet
Measurement System
Probe calibration 7.21 8.73 N 1 1 8.73 0
Isotropy 7212 3.18 R 173 | 1 1.84 0
Probe angle >30deg additional 12.00 R 1.73 | 1 6.93 0
Boundary effect 7.21.5 0.49 R 1.73 | 1 0.28 0
Linearity 7213 1.00 R 1.73 | 1 0.58 ©
Detection limits 7214 0.00 R 1.73 | 1 0.00 ©
Readout electronics 7.21.6 0.30 N 1 1 0.30 L
Response time 7.21.7 0.00 R 1.73 | 1 0.00 0
Integration time w
(equiv.) 7218 138 R 173 | 1 0.80
RF ambient 7236 3.00 R 173 | 1 1.73 w
conditions
Probe positioner 7221 535 R 1.73 | 1 3.09 w
mech. restrictions
Probe positioning with
respect to phantom 7223 5.00 R 173 | 1 2.89 0
shell
Post-processing 724 7.00 R 1.73 | 1 4.04 0
Test sample related
Test sample 7.22.4 1,50 R 173 | 1 0.87 0
positioning
Device holder 72242 | 173 R 173 | 1 1.00 -
uncertainty
Drift of output power 7.2.3.4 9.2 R 1.73 | 1 5.54 L
Phantom and set-up
Phantom uncertainty
(shape and thickness 7222 2.01 R 1.73 | 1 1.16 L
tolerances)
Liquid conductivity 7233 5.00 R 173 | 064 | 185 o
(target)
Liquid conductivity 7233 5.00 N 1 064 | 3.20 w
(meas.)
Liquid permittivity 7.2.3.4 5.00 R 173 | 0.6 173 w
(target)
Liquid permittivity 7234 3.00 N 1 06 1.80 w
(meas.)
Combin.ed standard RSS 11.97
uncertainty
Expanded uncertainty _
(95% confidence interval) K=2 23.94
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Body SAR Measurements.
Source of Description Tolerance / Probability c Standard Vi
Uncertainty Uncertainty distribution | Div (1' ) Uncertainty or
+% 9 + % (1g) Vet

Measurement System

Probe calibration 7.21 8.73 N 1 1 8.73 0
Isotropy 7212 3.18 R 1.73 | 1 1.84 0
Boundary effect 7215 0.49 R 1.73 | 1 0.28 0
Linearity 7213 1.00 R 173 | 1 0.58 0
Detection limits 7214 0.00 R 1.73 | 1 0.00 ©
Readout electronics 7216 0.30 N 1 1 0.30 0
Response time 7217 0.00 R 1.73 | 1 0.00 0
Integration time -
(equiv.) 7218 138 R 173 | 1 0.80

RF ambient 7.2.36 3.00 R 173 | 1 1.73 oo
conditions

Probe positioner 7.2.2.1 0.60 R 173 | 1 0.35 -
mech. restrictions

Probe positioning with

respect to phantom 7223 2.00 R 1.73 | 1 1.15 L
shell

Post-processing 724 7.00 R 1.73 | 1 4.04 L
Test sample related

Test sample 7224 1.50 R 173 | 1 0.87 w
positioning

Device holder 72242 173 R 173 | 1 1.00 -
uncertainty

Drift of output power 7.2.3.4 8.5 R 1.73 | 1 473 L

Phantom and set-up

Phantom uncertainty
(shape and thickness 7222 2.01 R 1.73 | 1 1.16 0
tolerances)

Liquid conductivity

7233 5.00 R 1.73 | 0.64 1.85 0
(target)
Liquid conductivity 79233 5.00 N 1 0.64 3.20 o
(meas.) o ’ ’ '
Liquid permittivity 7.23.4 5.00 R 173 | 06 173 w
(target) o ’ ’ ’ '
Liquid permittivity 79234 3.00 N 1 0.6 1.80 o
(meas.) e ’ ’ '
Combined standard RSS 11.59
uncertainty ’
Expanded uncertainty K=2 23.17

(95% confidence interval)
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SECTION 4

ACCREDITATION, DISCLAIMERS AND COPYRIGHT
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4.1 ACCREDITATION, DISCLAIMERS AND COPYRIGHT

6k

(+)

UKAS

TESTING
0a

This report relates only to the actual item/items tested.

Our UKAS Accreditation does not cover opinions and interpretations and any expressed are
outside the scope of our UKAS Accreditation.

Results of tests not covered by our UKAS Accreditation Schedule are marked NUA
(Not UKAS Accredited).

This report must not be reproduced, except in its entirety, without the written permission of
TOV SUD Product Service

© 2015 TUV SUD Product Service
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ANNEX A

PROBE CALIBRATION REPORT
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IMMERSIBLE SAR. PROBE

CALIBRATION REPORT

Part Number: IXP = 050

S/N 0204

April 2013

Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel: +44 (0) 1306 532 870
Fax: +44 (0) 1306 631 834

e-mail: enquiries@indexsar.com
Reprosduction of thes WPG“" L] Mltmﬂb)' InCecsar Lid P'I:ﬂ-’ﬁ"d e WPQ“ m reproduced n is 'Ul'f'lﬂ':l'
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Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate

Surroy RHS 5BG

Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834

e-mail: gnquiries@indexsar.com

Calibration Certificate 1304/0204
Date of Issue: 23rd April 2013
Immersible SAR Probe

[ Type: IXP-050 |
" Manufacturer: IndexSAR, UK |
[ Serial Number: 0204 |
 Place of Calibration: IndexSAR, UK |
| Date of Receipt of Probe: A |

Calibration Dates: 14% January — 7 March 2013

o ™

Customer: TUV Sud

| |

IndexSAR Ltd hereby declares that the IXP-050 Probe named above has been
calibrated for conformity to the current versions of IEEE 1528, IEC 62209-1, IEC 62209-
2, and FCC OETES standards using the methods described in this calibration
decument, Where applicable, the standards used in the calibration process are
traceable to the UK's Mational Physical Laboratory.

T
Calibrated by: A L viasa li' {J;_-,.L,H Technical Manager

& i
~.1 f |I i
Approved by: ra *:L .i'-ru”, Director
{
| *

FPlease keep this cerdificate with the calibration document, When the probe is
sent for a calibration check, please include the calibration document.

Page 2 of 23

Document 75925936 Report 21 Issue 2 Page A.3 of A.77
COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

INTRODUCTION

Straight probes can work on either SARA-C (to measure SAR values in flat
phantomns containing Body tissue simullant fluid) or on SARAZ (where they can
rmeasure either in a flat phantom with Body fluid, or in a SAM phantom
containing Head fluid).

Thie Report presenis measured calibration data for 2 particular Indexsar SAR
probe (S/MN 0204) for use on SARA-C only. The calibration factors do not
apply to, and will not give correct readings on, the IndexSAR SARAZ2
system:.

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations of IEC 62209-1 [Ref 1], IEEE 1528 [Ref 2], IEC
B62209-2 [Ref 3] and FCC OETES [Ref 4] standards. The procediires
incorporate technigues for probe linearisation, isotropy assessment and
determination of liquid factors (conversion factors). Calibrations are

determined by comparing probe readings with analytical computations in
camonical test geometries (waveguides) using normalised power inputs.

Each step of the calibration procedure and the equipment used is described in
the sections below.

CALIERATION PROCEDURE
1. Objectives
The calibration process comprises the following stages

1) Determination of the channel sensitivity factors which optimise the
probe’s overall axial isotropy in S00MHz brain fluid

2) Measure the incidental spherical isotropy using these derived
channel sensitivity factors.

3} Since isotropy and channel sensitivity factors are frequency
independent, these channel sensitivity factors can be applied to
model the exponential decay of 3AR in a waveguide fluid cell at

each frequency of intarest, and hance derive the liguid convarsion
factors at that frequency.

2. Probe output

The probe chanmel output signals are linearisad in the manner set out in Refs
[1]-[4]. The following equation is utilized for each channel:

Ui = Ugp + Ugp */DCP (1)

where U is the linearised signal, Uy is the raw output signal inmV and DCP
iz the diode compression potential, algo in my.
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DCR is determined from fitting equation (1) to measurements of U, versus
source feed power over the full dynamic range of the probe. The DCPis a
characteristic of the Schottky diodes used as the sensors. For the [XP-020
probes with CW signals the DCP values are typically 100mV,

For this value of DGP, the typical linearity response of XP-050 probes to CW
and to GSM modulation is shown in Figure 7, along with departures of this
same dataset from linearity.

In turn, measurements of E-field are determined using the following equation;
Ei’ (Wim) =  Usy * Air Factor,” Lig Factor,

+ Uy, © Air Factor,” Lig Factor,
+ Ll © Air Factor,” Lig Factor: (3)

Here, “Air Factor” represents each channel's sensitivity, while “Lig Factor”
represents the enhancement in signal level when the probe is immersed in
tissue-simulant liquids at each frequency of interest,

Within SARA-C, an L-probe's predominant mode of operation is with the tip
pointing directly towards the source of radiation. Consequently, optimising the
probe’s response to boresight signals: ("axial isotropy™) is far more im portant
thian optimising its spherical isotropy (where the direction, as well as the
polarisation angle, of the incoming radiation must be taken into account).

The setup for measuring the probe's axial isotropy is shown in Error!
Reference source not found.. Since isofropy is frequency-independent,
measurements are nermally made at a frequency of 200MHz as lower
frequencies are more tolerant of positional inaccuracies.

A S00MHz waveguide containing head-fluid simulant is selected. Like all
waveguides used during probe calibration, this particular waveguide contains
two distinct sections: an air-filled launcher section, and a liquid cell section,
separated by a dielectric matching window designed to minimise reflections at
the air-liquid interface.

The waveguide stands in an upright position and the liquid cell section is filled
wiith 900MHz brain fluid to within 10 mm of the open end.  The depth of liguid
ensures there is negligible radiation from the waveguide open top and that the
probe calibration is not influenced by reflections from nearby objects.

During the measurement, 8 TE:: mode is launched into the waveguide by
means of an N-type-to-waveguide adapter. The probe is then lowered
verically into the liquid until the tip is exactly 10mm above the centre of the
dielectric window. This particular separation ensures that the probe is
operating in a part of the waveguide where bounda ry corrections are not
necessary.

Care must also be taken that the probe tip is centred while rotating.
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The exact power applied to the input of the waveguide during this stage of the
probe: calibration is immaterial since only relative values are of interest while
the probe rotates. However, the power must be sufficiently above the noisa
ficor and free from drift.

The dedicated Indexsar calibration software rotates the probe in 10 degree
steps about its axis, and at each position, an Indexsar ‘Fast’ amplifier samples
the probe channels 300 times per second for 0.4 5. The raw U.s, data from
each sample are packed into 10 bytes and transmitted back to the PC
controller via an optical cable. U, Ussy and Uy, are derived from the raw
Uqp values and written to an Excel template.

Once data have been collected from a full probe rotation, the Air Factors are
adjusted using a special Excel Solver routine to equalise the output from each
ehannel and hence minimisa the axial isotropy. This automated approach to
optim isation removes the effect of human bias.

Figure 2 represents the output from each diode sensor as a function of probe
rotation angle.

4. Measurement of Spherical Isotropy

As mentioned earlier, in SARA-C a straight probe is always positioned so as
to be end-on to the incoming signal source. The probe’s axial isotropy
response is therefore far more important than its spherical isotropy, which is
included here for completeness only.

The setup for assessing the probe's spherical isotropy is shown in Figure 1.

A box phantom containing 900MHz head fiuid is irradiated by a tuned dipole,
mounted to the side of the phantom on the SARAZ robot's seventh axis.
Duuring calibration, the spherical response is generated by rotating the probe
about its axis in 15 degree steps and changing the dipole polarisation in 10
degre-e steps.

The relative channel sensitivities are fixed by the earlier measurement of, and
optimisation for, axial isotropy. The effect on spherical isotropy is shown in
Figure 3,

5. Determination of Conversion ("Liquid™) Faciors at each frequency of
intere st

A lookup table of conversion factors for a probe allows a SAR value to be
derived at the measured frequencies, and for either brain or body fluid-
simulant.

The method by which the canversion factors are assessad is based on the
comparison between measured and analytical rates of decay of SAR with
height above a dielectric window. This way, not only can the conversion
factors for that frequency/fluid combination be determimed, but an allowance
can also be made for the scale and range of boundary layer effects.

The theoretical relationship between the SAR at the cross-sectional centre of
the lossy waveguide as a function of the longitudinal distance (z) from the
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dielectric separator is given by Equation

4{‘?’ -E‘}Iﬁ 108

SAR(z)= pabd

(4)

Here, the density @ is conventionally assumed to be 1000 kg/m®, ab is the
cross-sectional area of the waveguide, and Prand P, are the forward and
reflected power inside the lossless section of the waveguide, respectively.
The penetration depth & {which is the reciprocal of the waveguide-mode
attenuation coefficient) is a property of the lossy liquid and is given by
Equation (3).

5= [Ru{.‘f{}r fa) + jau_ (o + jae.g,) H | ()

where ois the conductivity of the tissue-simulant liquid in S/m, & is its relative
permittivity, and w is the radial frequency (rad/s). Values for g and & are
abtained prior to each waveguide test using an Indexsar DiLine measurement
kit, which uses the TEM method as recommendad in [2]. & and & are both
temperature- and fluid-dependent, so are best measured using a sample of
the tissue-simulant fluid immediately prior to the actual calibration,

Wherever possible, all DiLine and calibration measurements should be made
in the open laboratory at 22 + 2.0°C; if this is not possible, the values of oand
£ should reflect the actual temperature. Values employed for calibration are
listed in the tables below.

By ensuring the liquid height in the waveguide is at least three penetration
depths, reflections at the upper surface of the liquid are negligible. The power
absorbed in the liquid is therefore determined solely from the waveguide
forward and raflected power.

Different waveguides are used for TOOMHz, 833/800MHz, 1430MHz,

18001 200MHzZ, 21 00/2450/2600MHz and S200/5800MHz measurements,
Tahle A1 of [1] can be used for designing calibration waveguides with a
return loss greater than 20 dB at the most important frequencies used for
persanal wireless communications, and better tham 15dB for frequencies
greater than 5GHz. Values for the penetration depth for these specific fictures
and tissue-simulating mixtures are also listed in Table A.1.

According to [1], this calibration technigue provides excellent accuracy, with
standard uncertainty of less than 3.6% depending on the frequency and
medium. The calibration itself is reduced to power measuremants traceable
to a standard calibration procedure. The practical limitation to the frequency
band of 800 to SE00 MHz because of the waveguide size is not severe in the
context of compliance testing.

During calibration, the probe is lowered carefully until it is just touching the

cross-seckional centre of the dielectric window. 200 samples are then taken
and written to an Excel template file before moving the probe vertically
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upwards. This cycle is repeated 150 times. The vertical separation between
readings is determined from practical considerations of the expected SAR
decay rate, and range from 0.2mm steps at low frequency, through 0.1mm at
2450MHz, down to 0.05mm at SGHz,

Once the data collection is complete, a Salver routing is run which optimises
thie measu red-thearetical fit by varying the conversion factor, and the
boundary correction size and range.

For calibrations at 450MHz, where waveguide calibrations become unfeasible,
a full 3D SAR scan over a tuned dipole is performed, and the conversion
factor adjusted to make the measured 19 and 10g volume-averaged SAR
values agree with published targets.

CALIERATION FACTORS MEASURED FOR PROBE S/N 0204

The probe was calibrated at 450, 835, 800, 1800, 2100, 2450 and 2600MHz
in liquid samples representing brain and body liquid at these frequencies.

The calibration was for CW signals only, and the axis of the probe was parallel
te the direction of propagation of the incident field i.e. end-on to the incident
radiation. The axial isotropy of the probe was measured by rotating the probe
about its axis in 10 degree steps through 360 degrees in this orientation.

The reference point for the calibration is in the centre of the probe’s cross-
section at a distance of 2.7 mm from the probe tip in the direction of the probe
amplifier. A value of 2.7 mm should be used for the tip to sensor offset
distance in the sofiware. The distance of 2.7mm for assembled probes has
been confirmed by taking X-ray images of the probe tips (see Figure 8).

It is important that the diode compressien point and air factors used in the
software are the same as those quoted in the results tables, as these are
used to convert the diode output voltages to a SAR value,

CALIBRATION EQUIPMENT

The table on page 20 indicates the calibration status of all test equipment
used during probe calibration,
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A eomphete medsurement unceriinty analysis lor the SARA.-C measurement system has been publshed in Reference [B]. Table 17 from
inat document is re-created belkow, and lists the uncerainty faciors asscciated just with the calibration of probes.

Stanclard

Source of umcertainty Umry :::b" ml Divisor [ lll-'llﬂll'lTl‘j ui 1::
Ferward powar 252 L 1.0 1 362 -
Reflecied pover 403 H 100 1 L1 "

L i eanductivity 1.30:3 L 1.00 1 1.3 -
L ety 1271 M 1.0 1 1.7 -
Fiatd hamgona-ty ET) [ 1.73 i 1.73 -
Prrabe podlnning 02 R 1.1 1 013 -
Fialkd proks linaarity 0.2 R 1.73 1 012 -
ot tano oy e v -

Al Ihe O5% zonfidenca evel, thersions, the supandsd uncerisinty ks £12 4%
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SUMMARY OF CAL FACTORS FOR PROBE IXP-020 S/N 0204

x Y
Air Factors 91.78 66.90

DCPs 100 100

Relative Channel Sensitivities
(to optimise Axial Isotropy)

r
81.32

100

(Vim)3imy
mw

Measured Isotropy

(+/-)
dB

Axial |sotropy

0.02

Spherical Isotropy

0.66

Additional Information

Sensor offset (mm)

2.7

Elbow - Tip dimension (mm)

0.0
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PROBE SPECIFICATIONS
Indexsar probe 0204, along with its calibration, is compared with BSEN
62209-1 and IEEE standards recommendations (Refs [1] and [2]) in the
Tables below. A listing of relevant specifications is contained in the tables
brelowe:

Dimensions SN 0204 BSENM [1] IEEE [2]
Cwverall length {mmi) 90
Tip length {mm} 10
Body diameter {mm) 12
Tip diameter (mm) 9.2 B8 =]
Distance frem probe tip to dipole 2.7
centers (mm)

Typical Dynamic range SiN 0204 BSEM [1] IEEE [2]
Minimum {Wikg} 0.01 =0.02 0.01
Maximum (Wikg) =100 =100 100
M.E. only measured to = 100 Wikg
on representative probes

Isotropy (measured at S00MHz) SiN 0204 BSENM [1] IEEE [2]
Axial rotation with probe normal to 0.02 0.5 0.25
source (+/- dB)

Spherical isotropy covering all 0.66 MNiA A

orientations to source (+/- dB)

ME |sotropy is frequency independent

Construction Each probe contains three orthogonal

dipole sensors arranged on a triangular
prism core, protected against static
charges by built-in shielding, and
covered at the tip by PEEK cylindrical
enclosure material. Mo adhesives are
used in the immersed section. Outer
case materials are PEEK and heat-
shrink sleeving.

Chemical resistance Tested to be resistant to TWEENZD
and sugar/'salt-based simulant liguids
but probes should be removed, cleaned
and dried when not in use.

NOT recommended for use with glycol
or soluble oil-based liquids.
Fage 11 of 23
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REFERENCES
References are either specific (identified by date of publication, edition
number, version number, etc.) or non-specific.

For a specific reference, subsequent revisions do not apply.
For a non-specific reference, the latest version applies.

[1] |EC 62209-1.
Human exposure to radio frequency fields from hand-held and hody-
mounted wireless communication devices — Human models,
instrumentation, and procedures — Part 1; Procedure to determine the

specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)

[2] |IEEE 1528
Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues

[3] IEC 622082
Human expoasure to radio frequency fields from hand-held and body-
maunted wireless communication devices — Human meadels,
Instrumentation, and procedures — Part 2; Procedure to determine the
specifiic absorption rate (SAR) for wireless communication devices usad
in close proximity to the human body (frequency range of 30 MHz to &
GHz)

[4] FCC QETES
Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electromagnetic Fields

[5] Indexsar Report 1X5-0300, October 2007,
Measurement uncertainties for the SARAZ system assessed against the
recommendations of BS EN §2209-1,2006

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011.
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Figure 1, Spherical isofropy fig showing probe, dipoke and box fifked viith
simulated brain liguid (see Ref (2], Section A4.5.2.1)
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835 - 800 MHz [WG4) Head liquid 300 MHz
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Figure 2. The axal isotropy of probe S/N 0204 obtained by rotating the probe
in & liguid-fied wave guide at 900 MHz. (NB Axial Isotropy is frequency
independent)

Figure 3 Spherical isotropy diagram after oplimisation of relative channe/l
sensitivities for axial isofropy
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Fraure 4. Geomelny used for waveguide calibrabion (after Ref [2]. Seclion
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B35 - 500 M Hz (W 64) Head liquid 835 MHz 835 - 500 MHz (W G4) Body iquid B35 MHz

SAR (Whg)
SAR [Wikg)
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e AN AL MeSUTOMNLS e ANy 1A e MR SUTEMENLS
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T (mm]) z{mmj}
[ Analybcal —— Measurements | | ——Analytical —— Measurements
_FIEum 3. The measured ﬁdaﬂymnaﬁan mngmecunﬂuﬁnrormﬂ WG4
waveguide with conversion factors adjusted (o fit to the theoretical function for
the particular dimension. frequency. power and liguid properties employed.
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2000 - 2500 (WGES) Head liquid 2100 MHz 2000 - 7500 (WGS) Bady liquid 2100 MHz
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2000 - 2500 (WE2] Head Biquid 2600 MHz 2000 - 2500 (WGE) Body liquid 2600 MHz

SAR (Wkg)
SAR (Whg)

0 10 20 o 10 o
2imm) timm)
Figure 6. The measured SAR decay funciion along the centreline of the R22
waveguide with conversion factors adjusted (o fit to the theoretical function for
the particular dimension, frequency, poweys and liguid properties empioyed.
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Spot SAR as & function of Dipole Feed Pow er

] 5 10 15 20 25 30 35
Dipole Feed Power (dBm)

Deviation from Linearity (dB)

Denviation from Linear (dB)

Spot SAR (dBmkg)

Figure 7 : The typical linearity response of |.XP-050 probes to both CW (blue)
and GSM (pink) modulation in close proximity to a source dipole. The top
diagram shows the SAR reading as a function of dipale feed power, with GSM
modulation being approx a factor of 8 {ie 5dB) lower than CW. The lower
diagram shows the departure from linearity of the same iwo datasets.
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Figure B : X-ray positive image of Smim probes
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Table indicating the dielectric parameters of the liquids used for calibrations at each frequency
RS D ] Relative | Comductieity || Relative | conductivity || Retative Plelative
{MHz) | Typs Paniiviy i) Py ) Perenitivity | COMEUEIVIEY || oy | ConEuetvity
450 4433 0535 435 (5 1.9 40 Pass Pass
835 4225 0.900 45 080 1.8 0o Pass Pass
900 $1.45 0.962 415 087 0.1 05 Pass Pass
AH00 Head =092 1205 400 140 02 04 Paid Pardd
1800 3067 1,400 40.0 1.80 08 0.0 Pass Pass
2100 o) B 1500 Ji.B .48 18 or Faem Famz
2850 35,51 1821 382 180 1.6 1.2 Pass, Pazs
2600 3.0 1871 380 1595 03 06 Pans Paga
450 5753 0.902 567 0.54 1.5 A7 Pass Pass
B3E 55,14 0858 (=] ({1 0.1 13 Fas Fams
900 5453 1023 55 105 03 25 Pass Pass
i Body ST 1581 Sdd 158 24 B Fans Pasid
15400 52.85 1533 53.3 152 05 0.9 Pass Pass
2100 5382 1568 532 152 1.4 Az Pass Pass
2850 52.80 1957 52.7 155 04 04 Pass Pazs
2600 5247 2132 525 216 0.1 =13 Pass Parss
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Indexsar Limitec
Oakfield House
Cudworth Lane
New
Surrey RH5 5BG
Tel +44 (0) 1306 632 870
Fax. +d44 (0) 1306 637 834
e-mail: enquines@indexsar. com

Calibration Certificate 1304/L0008
Date of Issue: 24 April 2013
Immersible SAR Probe

[(Fope: XF-020 |
[ Manufacturer: IndexSAR, UK |
| Serial Number: L0008 |
[Place of Calibration: indexSAR, UK |
| Date of Receipt of Probe: NA |
| Calibration Dates: 18 March — 23 Aprl 2013 |
[ Customer: TUV Sud |

Index5AR Lid hereby declares that the IXP-050 Probe named above has been
calibrated for conformity to the current versions of 1EEE 1528, IEC 822091, |[EC 62209-
2, and FCC QETES standards using the methods described in this calibration
document. Where applicable, the standards used in the calibration process are
traceabie to the UK's National Physical Laboratory.

Calibrated by: A 1 :,m k{&w Techmical Manager
=
</
Approved by: ﬁiﬁ;'{lh(ﬂ, Director
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INTRODUCTION

L-shapead probes are designed solely far use on the SARA-C SAR-measuring
system. They are not designed to work on SARAZ.

This Report presents measured calibration data for a particular Indexsar SAR
probe (S/N LO00E) only and describes the procedures usad for
characterisation and calibration.

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations of IEC 62208-1 [Ref 1], IEEE 1525 [Ref 2], IEC
62209-2 [Ref 3] and FCC QETES [Ref 4] standards. The procedures
ingorporate technigues for proke linearisation, isctropy assessment and
determimation of liquid factors (conwersion factors). Calibrations are
determimed by comparing probe readings with amalytical computations in
canonical test geometries (waveguides) using normalised power inputs.

Each step of the calibration procedure and the equipment used is described in
the sections below.

CALIBRATION PROCEDURE
1. Objectives
The calibration process comprises the following stages:-

1) Determination of the relative channel sensitivity factors which
optimise the probe's overall axial isotropy in 900MHZ brain fluid.

2) Measure the incidental spherical isotropy using these derived
channel sensitivity factors.

3} Since isotropy and chanmel sensitivity factors are frequency
independent, these channel sansitivity factars can be applied to
model the exponential decay of 3AR in a waveguide fluid cell at
each frequency of interest, and hence derive the liguid conversion
factors af that frequency,

2. Probe output

The probe channel output signals are linearised in the manner set out in Refs
[1]- [4]. The following equaticn is utilized for each channel:

Ui = Ugp + Usy 2/ DCP (1)

where U, is the linsarised signal, Uy, is the raw cutput signal in mV and DCP
is the diode compression potential, also in m\V.

DCP is determined fram fitting equation (1) to measurements of U, versus
source feed power over the full dynamic range of the probe. The DCPisa
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characteristic of the Schottky diodes used as the sensors. For the [XP-020
probes with CW signals the DCP values are typically 100mV.

For this value of DCP, the typical linearity response of [XP-050 probes ta CW
and to GSM modulation is shown in Figure 7, along with de partures of this
same dataset from linearity.

In turn, measurements of E-fizld are determined using the following equation:

Esq® (Vim) = Uy, * Air Factor,” Lig Factor,
+ Loy * Air Factor,” Lig Factor,
+ Ujz  Air Factor,” Lig Factor, (3)

Here, “Air Factor” represents each channel's sensitivity, while "Liq Factor”
represents the enhancement in signal level when the probe is immersed in
tissue-simulant liquids at each frequency of interest.

3. Selecting channel sensitivity factors to optimise isotropic response

Within SARA-C, an L-probe’s predominant mode of operation is with the tip
paointing directly toward=s the source of radiation. Consequently, optimising the
probe’s raspoanse to boresight signals ("axial isotrapy”) is far more important
than optimising its spherical isotropy (where the direction, as well as the
polarisation amgle, of the incoming radiation must be taken into account).

The setup for measuring the probe's axial isotropy is shown in Figure 1, and
this allows spherical isotropy to be measured at the same fime. Moreover,
since isotropy is frequency-independent, measurements are normally made at
a frequency of 900MHz as lower frequencies are more tolerant of positional
Inaccuracies.

A box phantom containing 200MHz head fluid is irradiated by a tuned dipole,
mounted at the side of the phantom on the SARAZ robot's seventh axis.
Mote: although the probe is used on SARA-C, it is actually calibrated on
SARAZ The dipole is connected to a signal generator and amplifier via a
directional coupler and power meter. The absolute power level is not
important as long as it is stable, with stability being monitored using the
coupler and power meter,

During calibration, the spherical isotropy response is measured by changing
the orientation of the probe sensors with respact to the dipole, while keeping
the leng shaft of the probe wertical and the probe sensors at precisely the
same position in space. Cormrectly aligning the probe sensors in this way is
essential to an accurate measurement of isotropy.

Initially, the short shaft of the probe is positioned parallel to the phantom wall
with its sensors at the same vertical height as the centre of the source dipole
and the line joining sensors to dipole perpendicular to the phantom wall (see
Figure 1). In this position, the probe is said to be at a position angle of -90
degrees. During the scan, the probe is rotated from -90 to +90 degreesin 10
degree steps, and at each position angle, the dipole polarisation changes

Page 4 of 21
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Here, the density p is conventionally assumed to be 1000 kg/m®, ab is the
cross-sectional area of the waveguide, and Py and P, are the forward and
reflected power inside the lossless saction of the waveguide, respectively.
The penetration depth & (which is the reciprocal of the waveguide-mode
attenuation coefficient) is a property of the lossy liquid and is given by
Equation (5).

d= [R:“{n / aj’ + ja, (o + joe, €, jﬂl (3)

where & is the conductivity of the tissue-simulant liquid in Sim, £ is its relative
permittivity, and w is the radial frequency (radis). Values for o and & are
obtained prior to each waveguide test using an Indexsar DiLing measurement
kit, which uses the TEM method as recommended in [2]. oand & are both
temperature- and fluid-dependent, so are best measured using a sample of
the tissue-simulant fluid immediately prior to the actual calibration.

VWherever possible, all DiLine and calibration measuraments should be made
in the open laboratory at 22 + 2 0°C; if this is not possible, the values of e and
& should reflect the actual temperature, Values employed for calibration are
listed in the tables below.

Dedicated waveguides have been designed to accommodate the geometry of
an L-shaped probe as it traces out the decay profile. Traditional straight
probes measure the decay rate of a vertical-travelling signal above a
hotizontal dielectric window: for the L-shaped probes, the geometry has had
to be changed, and the waveguide now lies horizontally and instead of being
open at the end, is capped with a metal plate (see Figure 2). A slot is cut in
the top (L") face through which tissue simulant fluid can be poured, and
through which the probe can enter the guide and be offered up to the now
vertical waveguide window.

Dwring calibration, the probe tip is moved care fully towards the dielectric
window until the flak face of the tip is just touching the exact cenfire of the face.
200 samples are then taken and writhen to an Excel template file before
moving the probe into the liquid away from the waveguide window. This cycle
is repeated 130 times at each separation. The spatial separation befween
readimgs is determined from practical considerations of the expected SAR
decay rate, and range from 0.2mm steps at low frequency, through 0. 1mm at
2450MHz, down to 0.05mm at SGHz.

Once the data collection is complete, a Solver routine is run which optimises
the measured-theoretical fit by varying the conversion factor, and the
boundary correction size and range.

By ensuring the waveguide cap is at least three peneftration depths, reflections

are negligible. The power absorbed in the liquid is therefore determined
solely from the waveguide forward and reflecied power.

Page & of 21
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Different waveguides are used for TO0OMHz, 835/900MHz, 1450MHz,
1800/1200MHz, 2100/2450/2600MHz and 5200758 00M Hz measurements.
Table A.1 of [1] can be used for designing calibration waveguide s with a
return loss greater than 20 dB at the most important frequencies used for
personal wirele ss commuunications, and better than 15dB for frequencies
greater than 5GHz. Values for the penetration depth for these specific fitures
and tissue-simulating mixtures are also listed in Table A.1.
According to [1], this calibration technique provides excellent accuracy, with
standard uncertainty of less than 3.6% depending on the frequency and
medium. The calibration itself is reduced to power measure ments traceable
te a standard calibration procedure. The practical limitation to the frequency
band of 800 to 5800 MHz because of the waveguide size is not severe in the
context of compliance testing.
For calibrations at 450MHz, where waveguide calibrations become unfeasible,
a full 3D SAR scan over a tuned dipole is performed, and the conversion
factor adjusted to make the measured 1g and 10g velume-averaged SAR
values agree with published targets.
CALIBRATION FACTORS MEASURED FOR PROBE S/N L000OS
The probe was calibrated at 450, 835, 900, 1800, 1900, 2100, 2450 and 2600
MHz in liquid samples representing brain liguid at these fregquencies.
The calibration was for CW signals only, and the horizontal axis of the probe
was parallel to the direction of propagation of the incident field i.e. end-on to
the incident radiation,
The reference peint for the calibration is in the centre of the probe's cross-
section at a distance of 2.7 mm from the probe tip in the direction of the probe
amplifier. A value of 2.7 mm should be used for the tip to sensor offset
distance in the software. The distance of 2. 7mm for assembled probeés has
been confirmed by taking X-ray images of the probe tips (see Figure 9).
It is important that the diede compression point and air factors used in the
software are the same as those quoted in the results tables, as these are
used to convert the diede output voltages to a SAR value,
CALIBRATION EQUIPMENT
The Table on page 21 indicates the calibration status of all test equipment
used during probe calibration.
Page 7 of 21
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MEASUREMENT UNCERTAINITIES

A complete measu remant unceramty analysts for the SARA-C measuremant system has been putdshed In Reference [3]. Table 17
from that documend is re-created below, and lists the uncarainty facters assocated ust with the calibration of probes

% i Stancand
Uit eilainlsy Piobability A | af
IS-I}IJN:E ol unceriainty Al + % ehistribeution DEvisar o unpﬁt:nly Uik Vo
Forwand posss e by i 9.0 1 352 -
Reflected povear 208 K 1.00 ] .08 -
ik genducity 1308 i] T i 131 -
Cicguid perrmitiivity 1271 ;] 10 i 1.7 =
Fiedd e regily 30 R 173 1 1.73 -
Frobe postioning .23 R .73 i [RE] -
Field o Grmaniy 0.2 R 1.73 1 .12 )
|Gomiined standard uncertainty R&S 630
Al the 05% canfdence level thedafare, the ﬂpam:led unu.-.rla'n::,- i 12 4%
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SUMMARY OF CAL FACTORS FOR PROBE IXP-020 S/N LO00G6
Relative Channel Sensitivities
(to optimise Axial Isotropy)
= X ¥ &
Air Factors 72.81 80.02 77.16 (Vim)imV
CW DCPs 100 100 100 mi’
Measured Isotropy | Probe orientation range (+/-) dB
at 200MHz relative to dipole
Axial Isotropy 0°{end-on to dipole) 0.0
+20° 0.17
+30° 0.28
Spherical Isotropy 607 558
a0 0.63
SAR Conversion Factors/ Boundary Corrections
(Head Fluid)
Boundary | Boundary
Frei?':l';:;_‘]cr SA'F':;:P‘F Correction | Correction | Notfes
f{0) d{mm)
450 0.258 0.0 1.0 &
835 0.304 0.8 15 LT
900 0.305 1.0 1.4 12
1800 0.373 0.9 1.5 12
1800 0.382 05 2.3 1.2
2100 0.396 08 20 12
2450 0.423 0.8 1.5 1.2
2600 0.427 11 1.4 1.2
MNotes S
1) Calibrations done at 22°C +/-2°C
q- Wi uide calibration
3 By validation et
Thie valic TRROQUBNCY of SARG-L prooe calonbons ore & TO0MHE (F <3 DIMHZ] and & J00MHZ [F > S00MHZ)
Physical Information |
Sensor offset (mm) T
tbow — Tip dimerision (mmy|  84.55
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PROBE SPECIFICATIONS
Indexsar probe LOO0E, along with its calibration, is compared with BSEN
62209-1 and |EEE standards recommendations (Refs [1] and [2]) in the
Tables below. A listing of relevant specifications is contained in the tables
Below:

Dimensions SIN LO00E BSEN [1] IEEE [2]
Vertical shaft (mm) 510
Horizontal shaft (mm) ad
Tip length {mm) 10
Body diameter {mm) 12
Tip diameter {(mm) 5.2 8 8
Distance from probe tip to dipole 2.7
centers {mm)

Dynamic range S/M LO0OS BSEM [1] IEEE [2]
Minimum (Wikg) 0.01 =002 0.01
Maximum (Wikg) =100 =100 100
MN.E. only measured fo = 100 W/kg
on representative probes

Isotropy (measured at 900MHz) | S/M L0006 | BSEN (1] | IEEE [2]
Axial Frobe at 0° 0.01 0.5 0.25
Probe at £20° 017
) Prohe at £30° 0.28
Spherical Brobe af 260° 0 Ea MiA MN/A
Probe at £90° 0.683
Construction Each probe contains three orthogonal
dipole sensors arranged on a triangular
prism core, protected against static
charges by built-in shielding, and
covered at the tip by PEEK cylindrical
enclosure material, Quter case
materials are PEEK and heat-shrink
sleeving.

Chemical resistance Tested to be resistant to TWEEM and
sugar/salt-based simulant liquids but
probes should be removed, cleaned
and dried when not in use,

MOT recommended for Use with glycol
ar soluble cil-based liquids.
Page A.32 of A.77
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REFERENCES
References are either specific (identified by date of publication, edition
number, version number, etc.) or non-specific.

For a specific reference, subsequent revisions do not apply.
For a non-specific reference, the latest version applies.

[1]1 IEC 62209-1,
Human exposure to radio frequency fields from hand-held and body-
moumted wireless communication devices — Human mode|s,
instrumentation, and procedures — Part 1. Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)

[2] IEEE 1528
Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques

[3]IEC 62209-2
Human exposure to radio fraquancy fields from hand-held and body-
mounted wireless communication devices — Human models,
Instrumentation, and procedures — Part 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 &
GHz)

[4] FCC QETES
Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electromagnetic Fields

[5] Indexsar Report [X5-0300, October 2007,
Meazurement uncertainties for the SARAZ system asseszed against the
recommendations of BS EN 62209-1:2008

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011,
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Active dipole

Figure 1 Isatropy jig showing probe, dipole and box filed with simulated brain Kuid (see Ref
2] Sechon A521)
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Figure 3 The anal soivopy of probe SAV [ 0006 obfainad by rofsling & S00MHZ dipole with
proba hip algned with chpole boresighd (NB Axial isalrony 1s frequency incdapendant)
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Figure 4 Residual Surface Psolropy al 900 MHz after aptimisation for axial isclrapy
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B35 - 9000 MHz (WG4) Head liguid 835 MHz
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#{mm)
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835 - 900 MHz (W G4) Head liguid 900 MHz
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Figira 5 The measured SAR
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function along the centraine of (e Wis4 waveguide with
convarsion faclors adiusied to At to tha f
frequancy. power and liguid propetias employed
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1800 - 1900 (WEE) Head liquid 1899 MKz
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1800 - 1900 (WGB) Head liguid 1900 MHz
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2000 - 2500 (WG] Head liquid 2100 MMz

zimm)

|—.hp*ﬂn°|—ﬁ-1-_lﬂl|

‘Page 16of 21

Document 75925936 Report 21 Issue 2 Page A.38 of A.77

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

SAR (W)

1]
I {mm)

AR (Wikg)
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Figure 8 The measured SAR decay function aiong the cantrelne of the

122 weavegoids with
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Spol SAR as a function of Dipele Feed Power

o 5 1 15 20 5 1] k-]
Bipcle Foad Paw e {dBm)

Dewiation from Linearity {dB}

=2 (=]
a2 afe
- Do O b

Deviatian frem Linear {dB)

=3 o o
2250 &

Spot SAR [dBm &g)

Figurg T The lypical hnsanty response of Smm grobes o both CW (bike) and GSAT (pirk)
meoditalion in close proimily fo 8 source dipole. The fop diagram show's the SAR reading as
& function of dipoks feed power, with GEM moduialion being a factor of of 8 {le SdB)

lower than CW. The lower diagram shows the deparfurs from of the same fwo
dataseds
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Figirre 8 X-ray posfive image of Smm probes
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Table iﬁﬂkﬂlhﬂ the die lectrc parameltls of the qu]l ds used for calibrations at each I'raqu-em:.l
2 Elllﬂ'llf Target % mc!

| iy isim) Permittivdty | (Sim) peamittity | SOOI 1] oy | SonduCthvity

1650 44142 0545 a5 0&7 15 28 Pars. Pass

B35 =114 0901 a5 (= 15 [X] Pats. Pans

) £1.13 0851 415 (xR 08 =08 Pasa Pass

woe | [ =0 1.428 40.0 1.40 07 2.0 Pass P

1900 0,744 1,306 400 1.40 06 03 Partes. P

2100 40541 1.463 0E 1.40 19 A% Ptz P

450 30268 1815 Wr 150 [ 0.8 Pata. Pass

2600 | ME 1475 B 158 a7 (1] Pass Pasa
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IMMERSIELE SAR PRCEE

CALIBRATION REPORT

Part Number: IXP-021

S/N LG0018

March 2014

Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate
Surray RHS 5BG
Tel: +44 (0) 1306 €32 870
Fax: +44 (0) 1306 631 834
e-mail: enguiries@indexsar.com

Reprodudion of this report is asthorized by Indscsar Lid provided the repod is regroduced in its entinety
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Indexsar LimJited

Oakfield House

Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel +44 (0) 1306 632 870

Fax: +44 (0) 1.306 631 834
e-mail> enguiriesi@indexsar.com

Calibration Certificate 1403/LG0018
Date of lssue: 24th March 2014
Immersible SAR Probe

[ Type: IXP-021 |

[ Manufacturer: IndexSAR, UK |

[ Serial Number: LGO018 |

[Place of Calibration: IndexSAR, UK |

|DIHHH|¢|HHPMH: 30 January 2014 I

| Calibration Dates: 11-21 March 2014 |

[ Customer; TUY Sud |

IndexSAR Ltd hereby declares that the IXP-025 Probe named above has been
calibrated for conformity to the current versions of IEEE 1528, IEC 82209-1, IEC 62209-
2, and FCC OETES standards using the methods described in this calibration
document. Where applicable, the standards used in the calibration process are
traceable to the UK's National Physical Laboratory.

Calibrated by: A I.sz'vw k'_{-[&.r ij Technical Manager

T

!

/ | f
Approved by: K& 'J,_L_} Director
I

Please keep this cerfificate with the calibration document. When the probe is
sent for a calibration check, please include the calibration document,
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INTRODUCTION

This Report presents measured calibralion gata for a particular Indexsar SAR
probe (3/M LGE0018) only and describes the procedures usad for
characterisation and calibraticn,

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations cf IEC 622091 [Ref 1], IEEE 1528 [Ref2], IEC
62209-2 [Ref 3] and FCC OETGS [Ref £] standards. The procedures
incorporate tecniques for prcbe linearisation, isctropy asszssment and
determination of liquid factors (conversion factors). Calibrations are
determined by comparing probe readings with analytical compusations in
canonical lest geometries (waveguides) using normalised power inputs.

Each stepof the calibration piocecure and the ecuipment used is described in
the sections below.

CALIBRATION PROCEDURE
. Objectives
The calibration process comprises the following stages

1} Dete'mination of the channel sensitivity factors which optimise he
probe’s overall axial isolropy

2} Use of these crhannel sensitivity factors to compare the SAR decay
curve in a waveguide fluid cell with an anahtical curve at each

frequency of interest, and hence derive the liquid conversion factors
at that frequency,

2. Probe output

The probe channel outplt signals are linearised in the marner set out in Refs
[1]and [2] The following equation is utilized for each channel:

Uip = Ugp + Ugs °/DCP N

where U, is the linearised signal, Uay is the raw cutput signal in mV and DCP
i5 the diode compression potential also in my.

DCP is determined from fitting equation (1) to measurements of Uy, versus

source feed powver over the full dynamic range of the probe. The DCPisa

characteristic of the Schottky diodes usad as the sensors. For the [XP-021

probes with CV/ signals the DCP values are typically 100mV.

In turn, measurements of E-field are determined using the ‘ollowing equation:
Epy (Mim) = Uy * Air Factor,* Lig Faclor,

Page Sof 1&
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+ Uy * Air Factor,® Lig Factor,
+ Uz * Air Factor,” Lig Factor; (3)

Here “Air Facter” represents each channel's sensitivity, while “Lig Factoer”
represents the enhancement in signal level when the probe is immersed in
tissue-simulant liquids at each frequency of interest.

selecti annel sensitivi ors to optimise i icre 2

Within SARA-C, a probe’s predominant mode of operation is with the tip
pointing directly towards the source of radiation. Conseguently, optimising the
probe's response to boresight signals (“axial isotropy™) is far more important
than optimising its spherical isotropy (where the direction, as well as the
polarisation angle, of the incoming radiation must be taken into account).

A 5-8GHz waveguide containing head-fluid simulant is selected. Like all
waveguides uised during probe calibration, this particular waveguide econtains
twio distinct sections: an air-filled launcher section, and a liquid cell section,
separated by a dielectric matehing window designed to minimise reflections at
the air-liquid interface,

The waveguide stands in an upright position on a tumtable and the liquid cell
section is filled with 5-6GHz brain fluid to within 1 mm of the open end. The
depth of liquid ensures there is negligible radiation from the waveguide open
top and that the probe calibration is not influenced by reflections from nearby
objects,

During the measurement, & TE. mode is l[aunched into the waveguide by
means of an N-type-to-waveguide adapter, The probe is held by the robot in
a dedicated jig with the probe's long shaft horizontal and the short shaft
pointing vertically down over the centre of the waveguide cpening, Figure 1.
In this position, the short shaft lies directly along the waveguide's main axis in
the direction of signal travel. The probe is then lowered along the waveguide
axis directly into the liquid until the tip is exactly Smm above the centre of the
dielectric window. This particular separation ensures that the probe is
operating in a part of the waveguide where boundary corrections are not
necessary.

The exact power applied to the input of the waveguide during this stage of the
probe calibration is imraterial since only relative values are of interest during
the assessment of axial isotropy. However, the power must be sufficiently
abowe the noise floor and free from drift,

With the probe's short shaft lying directly along the waveguide axis, the
probe's axial isotropy can be measured by changing their relative position
angle. This can be done by either spinning the probe while the waveguide
remains stationery (usual procedure for straight probes) or, as is the case for
L-probes, the waveguide is turned by hand while the probe does nat move.
The dedicated Indexsar calibration software requests that the user rotates the
waveguide in 10 degree steps about its axis, and at each position, an

Indexsar ‘Fast amplifier samples the probe channels S00 times per second for

Page 4 of 15
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.45 Theraw U, data from each sample are packed into 10 bytes and
transmitted back to the PC controller via an cptical cakle. Uinx, Winy @nd Ujnz
are derived from the raw U, values and writien to an Excel template,

Once data have been collected from a full probe rotation, the Air Faclors are
adjusied using a special Excel Soler routine to equalise the output from each
chanrel ard hence minimise the axial isotropy. This autormated approach to
optimisation removes the effect of human bias.

Figure 3 represants the outpul from each dipde sensor as a function of probe
ratation angle,

4 Determination of Conversion (‘Liguid™) Factors at each frequency of

interest

A lookup table of conversion factors for a probe allows a SAR value to be
derived at the measured Trequencies, and for either brain or body fluid-
simulant.

The method by which the conversion factors are sssessed is based aon the
comparison between measured and anzlytical rates of decay of SAR with
perpendicular distance from a dielectric windaw, This way, not only can the
conversion factors for that frequency/fluid combination be determinec, but an
dllowance can also be made for the scale and range of boundary layer effects.

The theoretical relationship between the SAR at the cross-sectional centre of
the lossy waveguide as a function of the longitudinal distance (2 from the
dielectric separator is given by Equation 4:

r. i| - %] 3
SAR(z) = Mt 18 -
frabd

Here, the densiy 2 is corventonaly assumed to be 1000 I:-cga'rn!'. ab is the
cross-sectional area of the waveguide, and Prand Py are the forward and
rzflected power insice the lossless section of the waveguide, respectively.
The penetratior depth & (which is the reciprozal of the waveguidz-mode
attenuation coefficient) is a property of the lossy liquid and i given by
Equation (3).

& =[R.:{J{;r a) + ;mw__{a+_."me:.€.]l” | (5)

where ¢ isthe conductivity of the tssue-simulant liquid in S/m, & is ils relative
permitivity, and w is the radial frequency (rad/s). Values for o and g are
obtaired prior to each waveguide test using an Indexszar DiLine measurement
kit, which uses the TEM method as recommendsd in [2]. o and & are both
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temperaturz- and fluid-dependent, 5o are best measured using a sample of
the tissue-simulant fluid immediately prior to the astual calibration.

Viherever possible, all DiLine and calibration measurements should be made
in the open labcratory at 22 + 2.0%: if this is not possible, the values of gand
& should reflect the actual temperature. Values emplayed for calibration are
listed in the tablzs below.

There are two ways of accommodating the gzometry of an L-shaped probz as
it traces out the decay profile. Akove 3GHz, as here, the waveguide's fluid
czll is shor enough that the probe’s short shaft can be lowered vertically down
into the waveguide without the long shaft fouling on the waveguide edge,
Figure 1, 3y contrast, at lower frequencies, the measurement geometry has
to be changed, and the waveguide now lies horizontally and the fluid cell has
to be capped with a metal plate at least three penetration depths away from
the dielectric window (see Figure 2). A slot is cutin the top ("b") face threugh
which tissue sirwlant fluid can be poured, and through which the probe can
enter the guide and be oflered up to the now vertical waveguide window.

Curing high frequency calibration, the probe is lowered carefully until the fiat
face of the tip is just louching the cross-sectional centre of the diglectric
window. 200 samples are then taken and wrtten o an Excel template file
before moving the prabe away from the waveguide window. This cyce is
repealed 120 times, with a diffarent separaticn each time, in steps of 3.35mm.

Once the data collection is completz, a Solver routine is run which opimises
the measured-theoretical fit by varying the conversion factor, and the
baundary correction size and range.

Cifferent waveguides are used for £35/800MHz, 180071 200MHz,
2100/2450:2600MHz and S200/5800MHz measurements, Table A.1 of [1]
can be used for designing calibraticn waveguides with a return loss greater
than 20 dB at the maost important frequencies used for personal wireless
communications, and betlar than 1548 for frequencies greater tran S5Hz,
Values for the penetratior depth for these specific fixtures and tissue-
smulating mixtures are also listed in Table A1,

For 420 MHz calibralions, a slightly different techrique mus! be used — the
ejuatorial respcnse of the probe-under-iest is compared with the equivalent
response of a probe whose 450MHz characteristics have already been
determined by HPL. The conversion factor of the probz-under-test can then
b2 deduced.

According 1o [1], this calibration tecnigue provides excellent acouracy, with
standard uncertainty of less than 3.6% depending on the frequency and
medium. The ealibrztion tselfis reduced to power measurements traceable
to a standard calibration procedure. The practical limitation to the frequency
band of 800 to 5800 MHz because of the waveguide size is not severz in the
context of compliance testing.
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CALIBRATION FACTORS MEASURED FOR PROBE S/N LG0018

The probe was calibrated at 5200, 5500 and 5800 MEz in liquid samples
representing brain tissue at these flrequencies.

The calibration was for CW signals only, and the horizontal axis of the probe
was parallel to the direction of propagation of the incident field i.e. end-on to
the incident radation,

The reference point for the calibration is in the zentre of the probe’s cross-
saction at a distance of 1.32 mm from the probe tip in the direction of the
probe amplifier. A value of 1.39 mm should be used for the tip fo sensor
offset distance in the software. The distance of 1.39 mm for assembled
probes has been confirmed by taking X-ray images of the probe tips (see
Figure 9).

It is important that the diode compression point and air factors usad in the
software are the same as those quoted in the results tables, as these are
used to convert the diode output voltages to a SAR value.

CALIBRATION EQUIPMENT

The Table on page 18 indicates the calibration status of all test eguipment
used during probe calibration.
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MEASUREMENT UNCERTAINTIES

A complete neasuement uncerainty analysis for the SARA-C messurement system has beer pubdished in Reference [3]. Table 17
fram thal decumen! s re-created below and lisks the uncartainly faclors associabnd justwith the calibation of probss.

Standard
Uncertsinty | Probability ; wor
Source of Lncerainly value & % distribution Do =1 unotrl:rh' ui & Yo
g 7] 1.00 1 3.5 -
408 ] 1.00 1 1.00 -
1308 ] 1.00 1 ] .
[E5] ] 1.00 [ .27 =
3.0 R 1.73 1 73 -
0,33 B 1.7 1 313 -
0. 3 1.73 1 .1 -
RES :
AL the §5°% confidence level, theefone, he expanded unceriainty & £1.2.4%
SUMMARY OF CAL FACTORS FOR PROBE XP-021 5/N LGOE
SAR Calibration Factors / Boundary Sorrections”
Alr Factor | Alr Factor | AirFacto Fotational o B 1 B "
1::211 T‘:“:: i If! w1 | i T]fmu: i zlr""'ﬁ" h:mg] 5-‘:.!““ ﬁunﬂclh.n o) | Comeckon dmm)
5200 D.766 055 11
5500 Head 2.0 3227 3483 0.10 0.B0D 0.50 15
5600 | | | 0800 0.66 1.0
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PROBE SPECIFICATIONS
Indexsar probe LGGOO1E, along with its calibration, is compared with BSEN
62209-1 and |IEEE standards recommendations (Refs [1] and [2]) in the
Tables below. A listing of relevant specifications is contaimed in the tables
below:
Dimensions SN BSEMN [1] IEEE [2]
LGOO18
Vertical shaft (mm} 510
Horizontal shaft (mm}) 84,12
Tip length (mm}) 10
| Body diameter (mm) 12
Tip diameter (mmy) 2.55 8 8
Distance from probe tip to dipole 1.39
centers {mmj)
Dynamic range SN BSEN [1] IEEE [2]
LGOO18
Minimum (Wikg) 0.0 =0.02 0.0
Maximum (Wikg) =100 =100 100
M.B. only measured to > 100 Wikg
on representative probes
Rotational Isotropy (at 5.2GHz) SN BSEN [1] IEEE [2]
LGOO18
Axial rotation with probe nomal to
source (+/- dB) 0.10 0.5 0.25
Construction Each probe contains three orthogonal
dipole sensors arranged on a triangubar
prism core, protected against static
charges by built-in shielding, and
coverad at the tip by PEEK cylindrical
enclosure material. Quter case
materials are PEEK and heat-shrink
sleaving.

Chemical resistance Tested to be resistant to TWEEN and
sugar/salt-based simulant liquids but
probes should be removed, cleaned
and dried when not in use.

MOT recommended for use with glycol
or soluble oil-based liquids.
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REFERENCES
References are either specific (identified by date of publication, edition
number, version number, etc.) or non-specific.

For a specific reference, subsequent revisions do mot apply.
For a non-specific reference, the latest version applies.

[1] IEC 622081,
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models,
instrumentation, and procedures — Part 1; Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)

[2] IEEE 1528
Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wirelass
Communications Devices: Measurement Technigues

[3] IEC 62209-2
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices = Human models,
Instrumentation, and procedures - Part 2! Procedure to determine the
specific absorption rate (SAR) far wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6
EHz)

[4) FCC CETES
Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electremagnetic Fields

[3] Indexsar Report IX5-0300, October 2007,
Measurement uncertaimties for the SARAZ system assessad against the
recommendations of B3 EN 62209-1:2006

[B] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. Cetobar 2011.

Page 11 of 18

Document 75925936 Report 21 Issue 2 Page A.52 of A.77

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

r r ‘ & I E‘-I:lr'-l:'ﬁ_
Figure [ Test geomelry used jor isolropy defermination above 3GHz
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Figure 2. Schemaitic showing the fnnovative design of slor in the waveguicle
lermingtion
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5.0 - 6.0 GHz (WGE13) Hwad liguld 5200 MHz

o
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Figure iRotational isotropy measurements inside a WG 13 wavegnide.
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Spot SAR as afunction of Dipole Feed Pow er

o 5 10 15 20 25 30 k)
Dipole Feed Pow er (dBm)

Deviation from Linearity (dB)

Sme

a15

Dirvistion from Linesr (48}
=3 e _
Ba R 2

Spot SAR (dBm kqg)

Figure 4 The typical linearity response of IXP-021 probes to both CW (blue)
and GSM (pink) modulation in close proximity to a source dipole. The top
diagram shows the SAR reading as a function of dipole feed power, with GSM
modulation being approx a factor of 8
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Figure 5X-ray positive image of Smm probes (2 5mm probes are similar)
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Tabie indicating the dieleciric parameters of the liquids wsed Bor calibratiens at each frequency
Weasaied Targel e DEvnlion
Frequency | Fiuid
Relative | Conductivity Relative | Corsductivity Relative Relatiae

D ] T | ety | (i) Permittivity | isim} Peminivity | SO || iy | Sonductiaty

5300 Ef) 41 350 45668 EL] i3 Pass Parss

5500 | Head 3535 512 35,7 497 20 3z Pass Past

Aol 3551 540 353 821 L] iz P P
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Table of test equipment calibration status as at time of probe calibration
Last
Instrument Supplier / . Calibration
description Manufacturer Madel Serial Na, ﬂII:;::iun due date
Rahde &
Pawer sensor Schwarz MEP-Z2S 100063 CEMB2012 | 082014
[absalute) —
h ) DiLine checked
Dielectric . .
propety Indexsar | (SeTEOT lenginS NIA Lgfgﬂ.g NIA
massurament and ﬁhmm} reference
liqquids
Vector network
analyser Anrital MEEAZIE 003102 290152014 20172015
SMA
autocalibration Anritsu 3658 1KKFM OOHS02 | 210162014 | 210172015
madule
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IMMERSIBLE SAR PROBE
CALIBRATION REPORT

Part Number: |1XP =025

S/N G0006

March 2014

Indexsar Limited
Dakfield House
Cudworth Lane

Newdigate
Surrey RH5 5BG
Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834

e-mail: enguiries@indexsar.com

Resproduction of this repor & authorized by Indexsar Lid provided the repon & reproduced in i entirety
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Indexsar Limited

Oakfield House

Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel +44 (0) 1306 632 870

Fax: +44 (0) 1306 6371 834
e-mail: enquiries@indexsar. com

Callbration Certificate 1403/G0006
Date of Issue: 24 March 2014
Immersible SAR Probe

[Type: IXP-025 |
[ Manufacturer: IndexSAR, UK |
[ Serial Number: G000s |
[ Place of Calibration: IndexSAR, UK |
| Date of Receipt of Probe: 30 January 2014 |
| Calibration Dates: 11-21 March 2014 |
| Custorner; TUV Sud |

IndexSAR Ltd hereby declares that the IXP-025 Probe named above has been
calibrated for conformity to the current versions of IEEE 1528, IEC 62208-1, IEC 62209-
2, and FCC OETSS standands using the methods described in this calibration
document. Where applicable, the standards used in the calibration process are
traceable to the UK's National Physical Laboratory.

)
Calibrated by: A Yvann k‘{_,bw Technical Manager
Ty
Approved by: -‘{}_, "{"ﬂl . Director
nt : a calibrati inc il ati n
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INTRODUCTION

Straight probes work on aither SARA-C (o measure SAR values in flat
phantoms containing Body tissue simulant fluid), or on SARAZ (where they,
too, can measure in a flat phantom with Body fluid, or in 2 SAM phantom
containing Head fluid).

This Report presents measured calibration data for a particular Indexsar SAR
probe (S/M G0008) for use on SARA-C only. The calibration factors do not

apply to, amd will not give correct readings on, the IndexSAR SARA2
system.

Indexsar probes are characterised using proced ures that, where applicable,
follow the recommendations of IEC 62202-1 [Ref 1], IEEE 1528 [Ref 2], IEC
62209-2 [Ref 3] and FCC OETES [Ref 4] standards. The procedures
incorporate technigues for probe linearisation, isotropy assessment and
determination of liquid factors (conversion factors). Calibrations are
determined by comparing probe readings with a nalytical computations in
canonical test geometries (waveguides) using normalised power inputs.

Each step of the calibration procedure and the equipment used is described in
the sections below.

CALIBRATION PROCEDURE

1. Objectives
The calibration process comprises the following stages

1) Determination of the channel sensitivity factors which optimise the
probe’s overall axial isotropy

2) Use of these channel sensitivity factors to compare the SAR decay
curve in a waveguide fluid cell with an analytical curve at each
frequency of interest, and hence derive the liquid conve rsion factors
at that frequency.

2. Probe output

The probe channel output signals are linearised in the manner set out in Refs
[1]-[4]. The following equation is utilized for each channel:

Uin = Usp + Ugp 2/ DCP n

where Uy, is the linearised slgnal, U, 15 the raw output signal in mV and DCP
is the diode compression potential, also in mYy.

DCP is determined from fitting equation (1) to measurements of Uy, versus
source feed power over the full dynamic range of the probe. The DCFisa
characteristic of the Schottky diodes used as the sensors. For the [XP-020
probes with CVW signals the DCP value s are typically 100mV.
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Faor this walue of DCP, the typical linearty response of IXP-025 probes to CWV
and to GSM modulation is shown in Figure 3, along with departures of this
same dataset from linearity.

In turn, measurements of E-field are determined using the following equation:
Esg” (Vim) = Ujne * Air Factor,® Lig Factor,
+ Uy, * Air Factor,” Liq Factor,

+ Ujne * Air Factor,” Lig Factor, (3

Here, “Air Factor” represents each channel's sensitivity, while “Liq Factor”
reprasents the enhancement in signal level when the prob=e is immersed in
tizsue-simulant liquids at each frequency of interest.

3. Selecting channel sensitivity factors to optimise isotropic response

Within SARA-C, a probe's predominant mode of operation is with the tip
painting directly towards the source of radiation. Censequently, optimising the
probe’s respanse to boresight signals ("axial isotropy”) is far more important
than oplimising its spherical isotropy (where Ehe direction, as well as the
polarisation angle, of the incoming radiation must be taken inte account).

A 3-6GHz waveguide containing head-fluid simulant is selected. Like all
waveguides used during probe calibration, this particular waveguide contains
two distinct sections: an air-filled launcher sectiom, and a liquid cell section,
separated by a dielectric matching window designed to minimise reflections at
the air-ligquid interface.

The waveguide stands in an upright position and the liquid cell section is filled
with $-6GHz brain fluid te within 1 mm of the open end., The depth of liquid
ensures thera is negligible radiation from the waveguide open top and that the
probe calibration is not influenced by reflections from nearby objects,

During the measurement, a TE.. mode is launched into the waveguide by
means of an N-type-to-waweguide adapter. The probe is then lowered
vertically into the liquid until the tip is exactly Smm above the centre of the
dielectric window. This particular separation ensures that the probe is
operating in a part of the waveguide where boundary comrections are not
necessary.

Care must also be taken that the probe tip is centred while rotating.

The exact power applied to the input of the waveguide during this stage of the
probe calibration is immatarial since only relative values are of interest while
the probe rotates. However, the power must be sufficiently above the noise
floor and free from drift.

The dedicated Indexsar calibration software rotates the probe in 10 degree
steps about its axis, and at each position, an Indexsar ‘Fast’ amplifier samples

the probe channels 500 times per second for 0.4 5. The raw U,y data from
each sample are packed into 10 bytes and transmitted back to the PC
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conftroller via an oplical cable. Uy, Uiy and Uy are derived from the raw
Uss values and writtem to an Excel template.

Once data have been collected from a full probe retation, the Air Factors are
adjusted using a special Excel Solver routine to equalise the output from each
channel and hence minimise the axial isotropy. This automated approach to
optimisation removes the effect of human bias.

Figure 1 represents the output from each diode sensor as a function of probe
rotation angle.

4. Delermination of Conversion ("Liquid™) Faetors at each fragquency of

interest

A lookup table of conversion factors for a probe allows a SAR value to be
derived at the measured frequencies, and for either birain or body fluid-
simulant.

The method by which the conversion factors are assessed is based on the
comparison between measured and analylical rates of decay of SAR with
height above a dielectric window. This way, not only can the conversion
factors for that frequency/MNuid combination be determined, but an allowance
can also be made for the scale and range of boundary layer effects.

The theoretical relationship between the SAR at the cross-seclional centre of
the lossy waweguide as a function of the longitudinal distance (z) from the
dielectric separator is given by Equation 4;

’ - 4{'.”" -F:] Eril
SAR(Z) = WL (4)

Here, the density p is conventionally assumed to be 1000 Itgfm:", ab is the
cross-sectional area of the waveguide, and Prand Py are the forward and
reflected power inside the lossless section of the waveguide, respectively.
The penetration depth & (which is the reciprocal of the waveguide-mode
attenuation coefficient) is a property of the lossy liquid and is given by
Equation (5).

J= [Rc{.j{.’r ﬂ'}l2 + foogi (F+ jmE, £, ]}] | (S)

where o is the conductivity of the tissue-simulant liquid in S/im, & is its relative
permittivity, and w is the radial frequency (rad/s). Values for & and & are
obtained prior to each waveguide test using an Indexsar DiLine measurement
kit, which uses the TEM method as recommended in [2]. o and £ are bolh
temperature- and fluid-dependent, so are best measured using a sample of
the tissue-simulant fluid immediately prior to the actual calibration.
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WWherever possible, all DiLine and calibration measurements should be made
in the open laboratory at 22 + 2.0°C; if this is not possible, the values of oand
&g should reflect the actual temperature. Values employed for calibration are
listed in the tables below.

By ensuring the ligquid height in the waveguide is at least three penetration
depths, reflections. at the upper surface of the liquid are negligible. The power
abzorbed in the liquid is therefore determined solely from the waveguide
forward and reflected power.

Different waveguides are used for TOOMHz, &35/900MHz, 1450MHz,
1800/1900MHz, 2100/2450/2600MHz and S200/5800MHz measurements.
Table A1 of [1] can be used for designing calibration wave guides with a
return loss greater than 20 dB at the most important frequencies used for
personal wireless communications, and belter than 15dB for frequencies
greater than SGHz. Values for the penetration depth for these specific fixtures
and tissue-simulating mixtures are also listed in Table A1,

According to [1], this calibration technigue provides excelle nt accuracy, with
standard uncertainty of less tham 3.6% depending on the frequency and
medium. The calibration itself is reduced to power measurements traceable
to a standard calibration procedure. The practical limitation to the frequency
band of 800 to 5800 MHz because of the waveguide size is not severe in the
context of compliance testing.

During calibration, the probe is lowered carefully until it is just touching the
cross-sectional centre of the dielectric window. 200 samples are then taken
and written to an Excel template file before moving the probe vertically
upwards., This cycle is repeated 150 times. The vertical separation behween
readings is determined from practical considerations of the expacted SAR
decay rate, and range from 0.2mm steps at low frequency, through 0.1mm at
2450MHz, down to 0.05mm at SGHz.

Onee the data collection is complete, a Solver routine is run which optimises
the measured-theoretical fit by warying the conversion factor, and the
boundary correction size and range.

For calibrations at 450MHz, where waveguide calibrations become unfeasible,
a full 30 SAR scan over a tuned dipole is performed, and the eonversion

factor adjusted to make the measured 1g and 10g velume-averaged SAR
values agree with published targets.

CALIBERATION FACTORS MEASURED FOR PROEE S/N G006

The probe was calibrated at 5.2, 5.5 and 5.8GHz in liguid samples
representing brain and body liquid at these freque ncies.

The calibration was far CW signals anly, and the axis of the probe was parallel
to the direction of propagation of the incident field i.e. end-on to the incident
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radiation. The axial isotropy of the probe was measured by rotating the probe
about its axis in 10 degree steps through 360 degrees in this orientation.

The reference peint for the calibration is in the centre of the probe’s cross-
section at a distance of 1.38 mm from the probe tip in the direction of the
probe amplifier. A value of 1.38 mm should be used for the tip to senszor
offset distance in the software. The distance of 1.3%mm for assembled probes
has been confirmed by taking X-ray images of the probe tips (see Figure 4).

It is important that the diode compression peint and air factors used in the
software are the same as those quoted in the results tables, as these are
used to convert the diode cutput voltages to a SAR value.

CALIBRATION EQUIPMENT

The table on page 20 indicates the calibration status of all test equipment
used during probe calibration.
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