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SECTION 1

REPORT SUMMARY

Specific Absorption Rate Testing of the
Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) &
Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and
GPS
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The information contained in this report is intended to show verification of the Specific
Absorption Rate Testing of the SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band
UMTS (FDDI, FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth,
WLAN, SRD(FeliCa) and GPS to the requirements of KDB 447498 — D01 v05r02 General RF

Exposure Guidance.

Objective

Applicant

Manufacturer
Manufacturing Description
Serial/IMEI Number(s)

Number of Samples Tested
Hardware Version
Software Version

Battery Cell Manufacturer
Battery Model Number

Test Specification/Issue/Date

Start of Test
Finish of Test
Related Document(s)

Name of Engineer(s)

Document 75930192 Report 12 Issue 1

To perform Specific Absorption Rate Testing to determine
the Equipment Under Test's (EUT’s) compliance with the
requirements specified of KDB 447498 — D01 v05 General
RF Exposure Guidance, for the series of tests carried out.
Sharp Communication Compliance Ltd

Sharp Corporation

Mobile Handset

004401115362507 (SAR Test: GSM/WCDMA)
004401115362515 (SAR Test: GSM/WCDMA)
004401115362499 (SAR Test: LTE)
004401115362473 (SAR Test: WLAN)
004401115362432 (Conducted: GSM)
004401115362523 (Conducted: WCDMA)
004401115362440 (Conducted: LTE)
004401115362408 (Conducted: Bluetooth)
004401115362481 (Conducted: WLAN — 2.4GHz)

4

PP1

C4070 - GSM/WCDMA/LTE/WLAN

Sharp Corporation

SHF31UAA

KDB 447498 — D01 v05r02 General RF Exposure
Guidance

01 June 2015

04 June 2015

FCC 47CFR 2.1093: 2014
KDB 248227 — D01 v02r01
KDB 865664 — D01 v01r03
KDB 865664 — D02 v01r01
KDB 648474 — D04 v01r02
KDB 941225 — D01 v03
KDB 941225 — D06 v02
KDB 941225 — D05 v02r03
IEEE 1528-2013

Nigel Grigsby

Nicolas Barincou
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1.2 BRIEF SUMMARY OF RESULTS
The measurements shown in this report were made in accordance with the procedures
specified KDB 447498 — D01 v05r02.
The maximum 1g volume averaged SAR found during this Assessment
Max 1g SAR (W/kg) Head 0.39 (Measured) 0.48 (Scaled)
Max 1g SAR (W/kg) Body / Hotspot 0.96 (Measured) 1.18 (Scaled)
The maximum 1g volume averaged SAR level measured for all the tests performed did not exceed the limits for
General Population/Uncontrolled Exposure (W/kg) Partial Body of 1.6 W/kg.
The maximum 1g volume averaged Stand-alone Reported SAR found during this Assessment
for each supported mode, including highest simultaneous transmission results;
Max Reported Highest Simultaneous
Band Test Configuration Scaled SAR Transmission Scaled SAR
(W/kg) (W/kg)
Head 0.38
GSM/GPRS 850
Body/Hotspot 1.18
Head 0.45
PCS/GPRS 1900
Body/Hotspot 0.42
Head 0.48 1.24*
WCDMA FDD V
Body/Hotspot 1.04
LTE Band 26 Body/Hotspot 1.14
Head 0.10
WLAN 2.4GHz
Body/Hotspot 0.29
The maximum 1g volume averaged SAR level measured for all the tests performed (including simultaneous
transmission analysis results) did not exceed the limits for General Population/Uncontrolled Exposure (W/kg) Partial
Body of 1.6 W/kg.
* The highest simultaneous transmission has been calculated using the Bluetooth Body SAR estimation in section
1.3.4 of this report as no 2.4GHz WLAN measurement was taken for the position that yielded the highest stand alone
SAR
Document 75930192 Report 12 Issue 1 Page 5 of 94
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TEST RESULTS SUMMARY

System Performance / Validation Check Results

Product Service

Prior to formal testing being performed a System Check was performed in accordance with KDB
865664 and the results were compared against published data in Standard IEEE 1528-2003.

The following results were obtained: -

System performance / Validation results

Date Dipole Used z:l\l;leﬁzu)ency ('\\/,I\?/)I((;)% SAR Bﬁ;f 22tage
Reference

20/04/2015 | 835 835 10.33 -1.56%
22/04/2015 | 835 835 9.54 0.34%
23/04/2015 | 835 835 9.78 2.81%
24/04/2015 | 835 835 9.38 -1.38%
21/04/2015 1900 1900 40.46 6.70%
27/04/2015 1900 1900 39.86 -4.66%
30/04/2015 | 2450 2450 48.04 -6.39%
01/05/2015 | 2450 2450 51.89 -5.17%

*Normalised to a forward power of 1W
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Results Summary Tables

GSM 850MHz Head Specific Absorption Rate (Maximum SAR) 1g Results for the Sharp SHF32

Product Service

Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) & Dual-band LTE
(B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and GPS.

Measured

Test Position Channel | Frequency | Conducted I-Ii-:1ri]'[e Up | Measured | Scaled Area scan
Number | (MHz) Power 4B 19 SAR 19 SAR | (Figure number)
(dBm) (dBm) | (Wikg) (W/kg)
Left Cheek 251 848.80 32.16 32.90 0.23 0.27 Figure 6
Left 15° 251 848.80 32.16 32.90 0.09 0.11 Figure 7
Right Cheek 251 848.80 32.16 32.90 0.27 0.32 Figure 8
Right 15° 251 848.80 32.16 32.90 0.08 0.09 Figure 9

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is = 200MHz

GSM 850MHz GPRS Head Specific Absorption Rate (Maximum SAR) 1g Results for the Sharp
SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) & Dual-band

LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and GPS.

Measured

Test Position Channel | Frequency | Conducted I-Ii-rlrjmrile Up | Measured | Scaled Area scan
Number | (MHz) Power 4B 19 SAR 19 SAR | (Figure number)
(dBm) (dBm) | (Wikg) (Wikg)
Left Cheek 251 848.80 29.90 30.80 0.29 0.36 Figure 10
Left 15° 251 848.80 29.90 30.80 0.1 0.14 Figure 11
Right Cheek 251 848.80 29.90 30.80 0.31 0.38 Figure 12
Right 15° 251 848.80 29.90 30.80 0.1 0.14 Figure 13

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz
The time slot configuration with the highest source-based time-averaged maximum output power was used for
testing, this was 2x time slots.

Document 75930192 Report 12 Issue 1
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GSM 850MHz GPRS Body & Hotspot Configuration Specific Absorption Rate (Maximum SAR)
1g Results for the Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS
(FDDI, FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN,
SRD(FeliCa) and GPS.

Position M d
easure Tune Up | Measured Scaled Area scan
Channel | Frequency | Conducted | . . )
' o Number | (MHz) Power limit 1g SAR 1g SAR (Figure
Spacing | Position (dBm) (dBm) (W/kg) (W/kg) number)
Front .
10mm Faci 251 848.80 29.90 30.80 0.52 0.64 Figure 14
acing
Rear .
10mm Faci 251 848.80 29.90 30.80 0.75 0.92 Figure 15
acing
10mm E";; 251 848.80 29.90 30.80 0.40 0.49 Figure 16
Right .
10mm Edge 251 848.80 29.90 30.80 0.50 0.62 Figure 17
Top .
10mm Edge 251 848.80 29.90 30.80 0.04 0.05 Figure 18
Rear .
10mm Faci 189 836.40 29.90 30.80 0.96 1.18 Figure 19
acing
Rear .
10mm Faci 128 824.20 29.90 30.80 0.91 1.12 Figure 20
acing
Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz
Testing was carried out with a 10mm separation distance to meet the requirements of KDB 941225 D06
The time slot configuration with the highest source-based time-averaged maximum output power was used for
testing, this was 2x time slots.
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WCDMA FDDV Head Specific Absorption Rate (Maximum SAR) 1g Results for the Sharp
SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) & Dual-band
LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and GPS.

Measured Tune U

Test Position Channel | Frequency | Conducted | . P | Measured | Scaled Area scan

Number | (MHz) Power 4B 19 SAR 19 SAR | (Figure number)

(dBm) (dBm) | (Wikg) (Wikg)

Left Cheek 4132 826.40 23.30 24.20 0.39 0.48 Figure 21

Left 15° 4132 826.40 23.30 24.20 0.12 0.15 Figure 22

Right Cheek 4132 826.40 23.30 24.20 0.37 0.46 Figure 23

Right 15° 4132 826.40 23.30 24.20 0.12 0.15 Figure 24

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)

KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:

< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz
KDB 941225 D01 — Testing of the secondary mode was not required - When the maximum output power and
tune-up tolerance specified for production units in a secondary mode is < %4 dB higher than the primary mode or
when the highest reported SAR of the primary mode is scaled by the ratio of specified maximum output power
and tune-up tolerance of secondary to primary mode and the adjusted SAR is < 1.2 W/kg, SAR measurement is
not required for the secondary mode.

Document 75930192 Report 12 Issue 1
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WCDMA FDDV Body & Hotspot Configuration Specific Absorption Rate (Maximum SAR) 1g
Results for the Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI,
FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN,
SRD(FeliCa) and GPS.

Position M d
easure Tune Up | Measured Scaled Area scan
Channel | Frequency | Conducted | . . )
' o Number | (MHz) Power limit 1g SAR 1g SAR (Figure
Spacing | Position (dBm) (dBm) (W/kg) (W/kg) number)
Front .
10mm Faci 4132 826.40 23.30 24.20 0.53 0.65 Figure 25
acing
Rear .
10mm Faci 4132 826.40 23.30 24.20 0.84 1.03 Figure 26
acing
10mm EL;JL 4132 826.40 23.30 24.20 0.43 0.53 Figure 27
Right .
10mm Edge 4132 826.40 23.30 24.20 0.52 0.64 Figure 28
10mm I;rdogpe 4132 826.40 23.30 24.20 0.04 0.05 Figure 29
Rear .
10mm Faci 4175 835.00 23.30 24.20 0.78 0.96 Figure 30
acing
Rear .
10mm Faci 4233 846.60 23.30 24.20 0.62 0.76 Figure 31
acing

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)

KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:

< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz

Testing was carried out with a 10mm separation distance to meet the requirements of KDB 941225 D06

KDB 941225 D01 — Testing of the secondary mode was not required - When the maximum output power and
tune-up tolerance specified for production units in a secondary mode is < %4 dB higher than the primary mode or
when the highest reported SAR of the primary mode is scaled by the ratio of specified maximum output power
and tune-up tolerance of secondary to primary mode and the adjusted SAR is < 1.2 W/kg, SAR measurement is
not required for the secondary mode.
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LTE Band 26 Body & Hotspot Configuration Specific Absorption Rate (Maximum SAR) 1g
Results for the Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI,
FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN,
SRD(FeliCa) and GPS.

15MHz Bandwidth, 1 Resource Block, High Offset.

Position M d
easure Tune Up | Measured Scaled Area scan
Channel | Frequency | Conducted limi 10 SAR 19 SAR Fi
: " Number | (MHz) Power imit 9 g (Figure
Spacing | Position (dBm) (dBm) (W/kg) (W/kg) number)
Front .
10mm Faci 26865 831.50 23.08 24.2 0.53 0.69 Figure 32
acing
Rear .
10mm Faci 26865 831.50 23.08 24.2 0.72 0.93 Figure 33
acing
10mm EL;g;te 26865 831.50 23.08 242 0.41 0.53 Figure 34
Right .
10mm Edge 26865 831.50 23.08 242 0.50 0.65 Figure 35
10mm E-Ejogpe 26865 831.50 23.08 242 0.04 0.05 Figure 36
Rear .
10mm Faci 26765 821.50 23.08 24.2 0.88 1.14 Figure 37
acing
Rear .
10mm Faci 26965 841.50 23.08 24.2 0.52 0.67 Figure 38
acing
Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is = 200MHz
Testing was carried out with a 10mm separation distance to meet the requirements of KDB 941225 D06
KDB 941225 D05 - Largest channel bandwidth standalone SAR test requirements — 4.2.1. The requirements to
test other resource block allocations and higher order modulations were not met.

Document 75930192 Report 12 Issue 1
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LTE Band 26 Body & Hotspot Configuration Specific Absorption Rate (Maximum SAR) 1g
Results for the Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI,
FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN,
SRD(FeliCa) and GPS.

15MHz Bandwidth, 36 Resource Blocks, Middle Offset.

Position Measured
u Tune Up | Measured Scaled Area scan
Channel | Frequency | Conducted | . . .
' o Number | (MHz) Power limit 1g SAR 1g SAR (Figure
Spacing | Position (dBm) (dBm) (W/kg) (W/kg) number)
Front .
10mm Faci 26865 821.50 22.25 23.20 0.39 0.48 Figure 39
acing
Rear .
10mm ) 26865 821.50 22.25 23.20 0.62 0.77 Figure 40
Facing
10mm ELi;:a 26865 821.50 22.25 23.20 0.31 0.39 Figure 41
Right .
10mm Edge 26865 821.50 22.25 23.20 0.38 0.47 Figure 42
10mm I;rdogpe 26865 821.50 22.25 23.20 0.03 0.04 Figure 43
Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is = 200MHz
Testing was carried out with a 10mm separation distance to meet the requirements of KDB 941225 D06
KDB 941225 D05 - Largest channel bandwidth standalone SAR test requirements — 4.2.2. The requirements to
test other resource block allocations and higher order modulations were not met.

PCS 1900MHz Head Specific Absorption Rate (Maximum SAR) 1g Results for the Sharp
SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) & Dual-band
LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and GPS.

Measured Tune U

Test Position Channel | Frequency | Conducted | . P | Measured | Scaled Area scan

Number | (MHz) Power 4B 19 SAR 19 SAR | (Figure number)

(dBm) (dBm) | (Wikg) (Wikg)

Left Cheek 661 1880 28.59 30.50 0.19 0.29 Figure 44

Left 15° 661 1880 28.59 30.50 0.09 0.14 Figure 45

Right Cheek 661 1880 28.59 30.50 0.25 0.39 Figure 46

Right 15° 661 1880 28.59 30.50 0.08 0.12 Figure 47

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz

Document 75930192 Report 12 Issue 1

COMMERCIAL-IN-CONFIDENCE

Page 12 of 94



COMMERCIAL-IN-CONFIDENCE

Product Service

PCS 1900MHz GPRS Head Specific Absorption Rate (Maximum SAR) 1g Results for the Sharp
SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) & Dual-band
LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and GPS.

Measured Tune U

Test Position Channel | Frequency | Conducted | . P | Measured | Scaled Area scan

Number | (MHz) Power 4B 19 SAR 19 SAR | (Figure number)

(dBm) (dBm) | (Wikg) (Wikg)

Left Cheek 661 1880 26.35 28.30 0.22 0.34 Figure 48

Left 15° 661 1880 26.35 28.30 0.09 0.14 Figure 49

Right Cheek 661 1880 26.35 28.30 0.29 0.45 Figure 50

Right 15° 661 1880 26.35 28.30 0.10 0.16 Figure 51

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz
The time slot configuration with the highest source-based time-averaged maximum output power was used for
testing, this was 2x time slots.

PCS 1900MHz GPRS Body & Hotspot Configuration Specific Absorption Rate (Maximum SAR)
1g Results for the Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS
(FDDI, FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN,
SRD(FeliCa) and GPS.

Position M d
easure Tune Up | Measured Scaled Area scan
Channel | Frequency | Conducted | . . .
_ B Number | (MHz) Power limit 1g SAR 1g SAR (Figure
Spacing | Position (dBm) (dBm) (W/kg) (W/kg) number)
10mm FF“’.”t 661 1880 26.35 28.30 0.16 0.25 Figure 52
acing
Rear .
10mm Faci 661 1880 26.35 28.30 0.27 0.42 Figure 53
acing
Right .
10mm Edge 661 1880 26.35 28.30 0.18 0.28 Figure 54
Top .
10mm Edge 661 1880 26.35 28.30 0.23 0.36 Figure 55

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)
KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not
required when the reported 1g SAR for mid-band or highest output power channel is:
< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is 2 200MHz
Testing was carried out with a 10mm separation distance to meet the requirements of KDB 941225 D06

The time slot configuration with the highest source-based time-averaged maximum output power was used for
testing, this was 2x time slots.
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WLAN 2412MHz Head Specific Absorption Rate (Maximum SAR) 1g Results for the Sharp
SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) & Dual-band
LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and GPS.

802.11b, 1 Mbps, DSSS

Measured Tune U Slgilted Area scan
o Channel | Frequency | Conducted | 4N€“P | Measured | Scaled y ;
Test Position limit 19 SAR 19 SAR Cycle (Figure
Number | (MHz) Power (dBm) g 9 19 SAR | number)
(dBm) (Wikg) Wikg) | 19 oA0
Right Cheek 1 2412.0 15.25 17.00 0.07 0.10 0.10 Figure 56

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)

KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not required
when the reported 1g SAR for mid-band or highest output power channel is:

< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is = 200MHz

KDB248227 D01 v02 - Testing was not required for OFDM in accordance with Section 5.3.2
KDB248227 D01 v02 - Only one position was tested in accordance with Section 5.3.1
KDB248227 D01 v02 — A duty factor scaling was applied to the scaled SAR in accordance with section 2.2

WLAN 2412MHz Body & Hotspot Configuration Specific Absorption Rate (Maximum SAR) 1g
Results for the Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI,
FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN,
SRD(FeliCa) and GPS.

802.11b, 1 Mbps, DSSS

Position
Measured | r o Up | Measured | Scaled Scaled Area scan
Channel | Frequency | Conducted limit 10 SAR 10 SAR Dut Fi
. | Number | (MHz) Power imi 9 g Y (Figure
Spacing | Position 4B (dBm) (W/kg) (W/kg) Cycle number)
(dBm) 1g SAR
(W/kg)
10mm EL;éte 1 2412.0 15.25 17.00 0.20 0.30 0.30 Figure 57

Limit for General Population (Uncontrolled Exposure) 1.6 W/kg (1g)

KDB 447498 D01 - Testing of other required channels within the operation mode of a frequency band is not required when
the reported 1g SAR for mid-band or highest output power channel is:

< 0.8W/kg when the transmission band is < 100MHz
< 0.6W/kg when the transmission band is between 100MHz and 200MHz
< 0.4W/kg when the transmission band is = 200MHz

Testing was carried out with a 10mm separation distance to meet the requirements of KDB 941225 D06
KDB248227 D01 v02 - Testing was not required for OFDM in accordance with Section 5.3.2

KDB248227 D01 v02 - Only one position was tested in accordance with Section 5.3.1

KDB248227 D01 v02 — A duty factor scaling was applied to the scaled SAR in accordance with section 2.2
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WLAN DSSS SAR Test Requirements

802.11b, 1 Mbps, DSSS

" Channel | Frequency | Area 2D Scan
Test Position Number | (MHz) (Vim)
Left Cheek 1 2412.0 5.32
Left 15° 1 2412.0 3.00
Right Cheek 1 2412.0 5.62
Right 15° 1 2412.0 3.92

KDB 248227 D01 Section 5.3.1 - Testing of other positions is not required when the
measured SAR is < 0.4W/kg:

WLAN DSSS SAR Test Requirements

802.11b, 1 Mbps, DSSS

Position
Channel | Frequency | Area 2D Scan

Spacing Position Number | (MHz) (V/m)

10mm Front Face 1 2412.0 5.95

10mm Rear Face 1 2412.0 7.79

10mm Left Edge 1 2412.0 8.82

10mm Top Edge 1 2412.0 6.07
KDB 248227 D01 Section 5.3.1 - Testing of other positions is not required when the
measured SAR is < 0.4W/kg:

1.3.3 Simultaneous Transmission
Position GPRS 850MHz | WLAN 2.4GHz
19 SAR (W/kg) 1g SAR (W/kg) > 19 SAR (W/kg)
Head CH 251 CH1
(Scaled SAR values) | (Scaled SAR values)
Left Cheek 0.36 N/A* N/A
Left 15° 0.14 N/A* N/A
Right Cheek 0.38 0.10 0.48
Right 15° 0.14 N/A* N/A
Simultaneous Transmission KDB 447498 D01
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1KDB 248227 D01 Section 5.3.1

Product Service

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.
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Position GPRS 850MHz WLAN 2.4GHz

19 SAR (W/kg) 19 SAR (W/kg) ¥ 19 SAR (W/kg)
Body CH 251 CH1

(Scaled SAR values) | (Scaled SAR values)
Front Facing 0.64 N/A* N/A
Rear Facing 0.92 N/A* N/A
Left Edge 0.49 0.30 0.79
Right Edge 0.62 N/A* N/A
Top Edge 0.05 N/A* N/A
Bottom Edge 1.18 N/A* N/A
Bottom Edge 1.12 N/A* N/A

Simultaneous Transmission KDB 447498 D01
Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1

Product Service

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.

Position WCDMA FDDV WLAN 2.4GHz

1g SAR (W/kg) 1g SAR (W/kg) > 19 SAR (W/kg)
Head CH 4132 CH1

(Scaled SAR values) | (Scaled SAR values)
Left Cheek 0.48 N/A* N/A
Left 15° 0.15 N/A* N/A
Right Cheek 0.46 0.10 0.56
Right 15° 0.15 N/A* N/A
Simultaneous Transmission KDB 447498 D01
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.
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Position WCDMA FDDV | WLAN 2.4GHz

19 SAR (Wikg) | 19 SAR (Wikg) 5 1g SAR (Wikg)
Body CH 4132 CH 1

(Scaled SAR values) (Scaled SAR values)
Front Facing 0.65 N/A* N/A
Rear Facing 1.03 N/A* N/A
Left Edge 0.53 0.30 0.83
Right Edge 0.64 N/A* N/A
Top Edge 0.05 N/A* N/A
Rear Facing 0.96 N/A* N/A
Rear Facing 0.76 N/A* N/A

Simultaneous Transmission KDB 447498 D01
Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1

Product Service

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.

Position LTE Band 26, 1RB | WLAN 2.4GHz

19 SAR (W/kg) 19 SAR (W/kg) Y 19 SAR (W/kg)
Body CH 26865 CH 1

(Scaled SAR values) (Scaled SAR values)
Front Facing 0.69 N/A* N/A
Rear Facing 0.93 N/A* N/A
Left Edge 0.53 0.30 0.83
Right Edge 0.65 N/A* N/A
Top Edge 0.05 N/A* N/A
Rear Facing 1.14 N/A* N/A
Rear Facing 0.67 N/A* N/A

Simultaneous Transmission KDB 447498 D01

Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06

The configuration with 1RB yielded the highest SAR when measured and was
therefore used in the simultaneous transmission calculation
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.
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Position GPRS 1900MHz | WLAN 2.4GHz

19 SAR (W/kg) 1g SAR (W/kg) > 19 SAR (W/kg)
Head CH 661 CH1

(Scaled SAR values) | (Scaled SAR values
Left Cheek 0.34 N/A* N/A
Left 15° 0.14 N/A* N/A
Right Cheek 0.45 0.10 0.55
Right 15° 0.16 N/A* N/A
Simultaneous Transmission KDB 447498 D01
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1

Product Service

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.

Position GPRS 1900MHz | WLAN 2.4GHz
19 SAR (W/kg) 19 SAR (W/kg) ¥ 1g SAR (Wkg)
Body CH 661 CH1
(Scaled SAR values) | (Scaled SAR values
Front Facing 0.25 N/A* N/A
Rear Facing 0.42 N/A* N/A
Right Edge 0.28 N/A* N/A
Top Edge 0.36 N/A* N/A

Simultaneous Transmission KDB 447498 D01
Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06
* No SAR Measurement was required in this position in accordance with KDB
248227 D01 Section 5.3.1

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.

Position GPRS 850MHz ?Iugt;;;t?vi/.:(in
9 g
19 SAR (W/kg) > 19 SAR (W/kg)
Body CH 251 CH78
(Scaled SAR values | (Estimated SAR
values)
Front Facing 0.64 0.06 0.70
Rear Facing 0.92 0.06 0.98
Left Edge 0.49 0.06 0.55
Right Edge 0.62 0.06 0.68
Top Edge 0.05 0.06 0.11
Bottom Edge 1.18 0.06 1.24
Bottom Edge 1.12 0.06 1.18

Simultaneous Transmission KDB 447498 D01

Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.
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Position WCDMA FDDV Bluetooth 2.4GHz
1gsAR (Wikg) | 19 SARIVIG o sar wikg)
Body (CS|-(|::I(1328AR values) | (Estimated SAR
values)

Front Facing 0.65 0.06 0.71
Rear Facing 1.03 0.06 1.09
Left Edge 0.53 0.06 0.59
Right Edge 0.64 0.06 0.70
Top Edge 0.05 0.06 0.11
Rear Facing 0.96 0.06 1.02
Rear Facing 0.76 0.06 0.82

Simultaneous Transmission KDB 447498 D01

Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06

Product Service

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.

Position LTE Band 26, 1RB Bluetooth 2.4GHz

1g SAR (W/kg) 19 SAR (W/kg) 5 1g SAR
Body (CSI—::;ggegAR values) &it?r:ated SAR wia)

values)

Front Facing 0.69 0.06 0.75
Rear Facing 0.93 0.06 0.99
Left Edge 0.53 0.06 0.59
Right Edge 0.65 0.06 0.71
Top Edge 0.05 0.06 0.11
Rear Facing 1.14 0.06 1.20
Rear Facing 0.67 0.06 0.73

Simultaneous Transmission KDB 447498 D01
Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06
The configuration with 1RB yielded the highest SAR when measured and was
therefore used in the simultaneous transmission calculation

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg
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Position GPRS 1900MHz ?Iugfgthvi/.:GHz

19 SAR (Wkg) g SR (Wika) 5 19 SAR (Wrkg)
Body CH 661 (CEHti7r§ ted SAR

(Scaled SAR values) stimate

values)

Front Facing 0.25 0.06 0.31
Rear Facing 0.42 0.06 0.48
Right Edge 0.28 0.06 0.34
Top Edge 0.36 0.06 0.42

Simultaneous Transmission KDB 447498 D01

Testing was carried out with a 10mm separation distance to meet the
requirements of KDB 941225 D06

Product Service

Simultaneous SAR measurements were not required as the sum of the 1g SAR measurements
did not exceed 1.6 W/kg.

Standalone SAR Estimation

When the standalone SAR test exclusion of section 4.3.1 is applied to an antenna that transmits
simultaneously with other antennas, the standalone SAR must be estimated according to the
following to determine simultaneous transmission SAR test exclusion. The estimated SAR is
only used to determine simultaneous transmission SAR test exclusion; When SAR is estimated,
it must be applied to determine the sum of 1-g SAR test exclusion. When SAR to peak location
separation ratio test exclusion is applied, the highest reported SAR for simultaneous
transmission can be an estimated standalone SAR if the estimated SAR is the highest among
the simultaneously transmitting antennas (see KDB 690783).

(max. power of channel, including tune-up tolerance, mW)/(min. test separation distance,
mm)]-[Vf(GHz)/7.5] W/kg for test separation distances < 50 mm;

where x = 7.5 for 1-g SAR, and x = 18.75 for 10-g SAR

when the minimum test separation distance is <5mm, a distance of 5mm is applied.

Bluetooth Head SAR Estimation

Frequency (MHz)

Maximum Power
(mW)

Distance (mm)

Estimated SAR
(W/kg)

2480

2.94

5

0.122

Bluetooth Body SAR Estimation

Frequency (MHz)

Maximum Power
(mW)

Distance (mm)

Estimated SAR
(W/kg)

2480

2.94

10

0.06
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Product Service

PRODUCT INFORMATION

Technical Description

The equipment under test (EUT) was a Sharp SHF32 Quad-band GSM (850/900/1800/1900) &
Dual-band UMTS (FDDI, FDDV) & Dual-band LTE (B1, B26) multi mode cellular phone with
Bluetooth, WLAN, SRD(FeliCa) and GPS. A full technical description can be found in the
manufacturer’'s documentation.

Test Configuration and Modes of Operation

The testing was performed with standard batteries supplied and manufactured by Sharp
Corporation.

For head SAR assessment, testing was performed with the device in the declared normal
position of operation for GSM 850MHz, PCS 1900MHz, WCDMA FDDV and WLAN 2.4GHz
frequency bands at maximum power. The device was placed against a Specific
Anthropomorphic Mannequin (SAM) phantom. The phantom was filled with simulant liquid
appropriate to the frequency band. The dielectric properties were measured and found to be in
accordance with the requirements for the dielectric properties specified in KDB 865665. Testing
was performed at both the left and right ear of the phantom at both handset positions stated in
the applied specification.

For body SAR assessment, testing was performed for GSM 850MHz, PCS 1900MHz, WCDMA
FDDV, LTE Band 26, and WLAN 2.4GHz frequency bands at maximum power. The device was
placed at a distance of 10 mm from the bottom of the flat phantom for all body testing. The Flat
Phantom dimensions were 245mm x 195mm x 200mm with a sidewall thickness of 2.00mm.
The phantom was filled to a minimum depth of 150mm with the appropriate Body simulant
liquid. The dielectric properties were in accordance with the requirements specified in KDB
865665. As the device is capable of hotspot configuration a 10mm separation distance was
used to meet the requirements of KDB 941225 D06 Hotspot.

Testing was performed in each position at the frequency that gave the highest output power for
each band. For all bands all scaled SAR levels were found to be <0.80 W/kg (KDB 447498 D01)
therefore no additional testing was required at the relevant frequencies / channels of the bands.
WLAN testing was achieved using the devices internal software, customer supplied software
and settings supplied by the customer. SAR was measured for WLAN using the configuration
with the largest channel bandwidth, lowest order modulation and lowest data rate KDB 248227
D01 v02 Section 5.1. This was 802.11b DSSS 1Mbps. SAR was not required for OFDM as the
SAR Test Exclusion criteria for OFDM in KDB 248227 D01 v02 Section 5.3.2 were met.

Included in this report are descriptions of the test method; the equipment used and an analysis
of the test uncertainties applicable and diagrams indicating the locations of maximum SAR for
each test position along with photographs indicating the positioning of the handset against the
body as appropriate.
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15 FCC POWER MEASUREMENTS

151 Method

Conducted power measurements were made using a power meter.

15.2 Conducted Power Measurements

GSM 850
Modulation Frequency Conducted Carrier Power (dBm)
(MHz) Average
824.20 31.91
GMSK - Voice 836.40 31.89
848.80 32.16
824.20 29.81
GMSK - GPRS 836.40 29.57
848.80 29.90
PCS 1900
Modulation Frequency Conducted Carrier Power (dBm)
(MHz) Average
1850.20 28.51
GMSK - Voice 1880.00 28.59
1909.80 28.58
1850.20 26.05
GMSK - GPRS 1880.00 26.35
1909.80 26.25
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Product Service
WCDMA FDD V
] Frequency Conducted Carrier Power (dBm)

Modulation MH
(MHz) Average
826.4 23.30

WCDMA - 12.2kbps

RMC 835.0 23.27
846.6 23.24
826.4 23.28

WCDMA - 12.2kbps

AMR with 3.4kbps 835.0 23.29

SRB*
846.6 23.26
826.4 22.35

WCDMA - HSDPA

(Subtest #1) 835.0 22.29
846.6 22.33
826.4 21.32

WCDMA - HSDPA

(Subtest #2) 835.0 21.29
846.6 21.32
826.4 21.15

WCDMA - HSDPA

(Subtest #3) 835.0 21.15
846.6 21.08
826.4 21.24

WCDMA - HSDPA

(Subtest #4) 835.0 21.25
846.6 21.25
826.4 22.08

WCDMA - HSUPA

(Subtest #1) 835.0 22.06
846.6 22.01
826.4 21.72

WCDMA - HSUPA

(Subtest #2) 835.0 21.64
846.6 21.63
826.4 21.92

WCDMA - 12.2kbps

RMC WCDMA - 835.0 21.91

HSUPA (Subtest #3)
846.6 21.91
826.4 22.37

WCDMA - HSUPA

(Subtest #4) 835.0 22.36
846.6 22.41
826.4 21.97

WCDMA - HSUPA

(Subtest #5) 835.0 22.01
846.6 22.03

* The measured Conducted power for 12.2kbps AMR is <0.25dB higher

than 12.2kbps RMC, therefore, testing was carried out using 12.2kbps

RMC.
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WLAN
Modulation Frequency Conducted Carrier Power (dBm)
(MHz) Average
802.11(b) - 2.4 GHz — 2412 15.25
1Mbps 2437 15.09
DSSS 2462 15.21
802.11(g) - 2.4 GHz - 2412 9.88
6Mbps 2437 9.73
OFDM 2462 9.89
802.11 (n) - 2.4 GHz — 2412 8.89
MCSO0 2437 8.92
OFDM 2462 8.95
LTE Band 26
Measured Average Output Power (dBm)
CB:Zig\r/‘vieéth Modulation ggsciurce Resource Low Test . High Test
(MHz) Allocation | Block Offset Channel M'do(”;s:e;twl%hza)””e' Channel (841.5
(821.5MHz) : MHz)
1 Low 22.99 23.05 2276
1 Mid 23.02 22.93 22.86
1 High 22.97 23.08 22.83
QPSK 36 Low 22.22 22.09 21.89
36 Mid 22.25 22.03 21.91
36 High 222 22.00 21.93
75 N/A 22.24 22.18 21.89
1 1 Low 22.16 22.32 21.99
1 Mid 22.18 22.21 22.01
1 High 22.14 22.36 22.08
16 QAM 36 Low 21.32 21.15 20.91
36 Mid 21.22 21.09 20.93
36 High 21.23 21.13 20.96
75 N/A 21.30 21.24 21.12
Document 75930192 Report 12 Issue 1 Page 24 of 94

COMMERCIAL-IN-CONFIDENCE




153

COMMERCIAL-IN-CONFIDENCE

Bluetooth
. Frequency Conducted Carrier Power (dBm)
Modulation MH
(MHz) Average
2402 4.44
GFSK/DH5 2441 4.48
2480 4.69

Standalone SAR Test Exclusion Considerations (KDB 447498 D01)

Product Service

The 1g SAR Test exclusion thresholds for 100 MHz to 6 GHz test separation distances < 50 mm
are determined by:

[(max power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)]
[Nf (12)] < 3.0, where

o f(gH) is the RF channel transmit frequency in GHz.
e Power and distance are rounded to the nearest mW and mm before calculation.

e The result is rounded to one decimal place for comparison.

o When the maximum test separation distance is < 5 mm, a distance of 5 mm is applied.

Max Power ;
Band Frequency TesF_ Distance Threshold Test _
(MHz) (dBm) (mW) Position (mm) Exclusion

GSM 850MHz 848.8 32.9 1949.84 | Head <5 359.3 No
GPRS 850MHz 848.8 30.8 1202.26 | Head <5 2215 No
GPRS 850MHz 848.8 30.8 1202.26 | Body 10 110.8 No

Head <5 47.8 No
WCDMA FDD V 826.4 242 263.03

Body 10 23.9 No
LTE Band 26 831.5 24.2 263.03 Body 10 24.0 No
LTE Band 26 821.5 24.2 263.03 Body 10 23.8 No
GSM 1900MHz 1880.0 30.5 1122.02 Head <5 307.7 No
GPRS 1900MHz | 1880.0 28.3 676.08 Head <5 185.4 No
GPRS 1900MHz | 1800.0 28.3 676.08 Body 10 92.7 No

Head <5 15.6 No
‘E’)Vé‘é‘g 24GHz 1 24120 17.0 50.12

Body 10 7.8 No

Head <5 2.0 Yes
Bluetooth 2480.0 8.0 6.31

Body 10 1.0 Yes
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SECTION 2

TEST DETAILS

Specific Absorption Rate Testing of the
Sharp SHF32 Quad-band GSM (850/900/1800/1900) & Dual-band UMTS (FDDI, FDDV) &
Dual-band LTE (B1, B26) multi mode cellular phone with Bluetooth, WLAN, SRD(FeliCa) and
GPS
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2.1 SARA-C SAR MEASUREMENT SYSTEM

2.1.1 Robot System Specification

The SAR measurement system being used is the IndexSAR SARA-C system, which consists of
a cartestian 6-axis robot jig, a dedicated robot controller, a straight IndexSAR probe, an L-
shaped Indexsar probe, a fast amplifier, and two phantoms: an upside-down SAM phantom, and
a rectangular box phantom,

Figure 1. The L-probe is used in connection with measurements on DUTs held against the SAM
phantom, while the straight probe is used exclusively in the box phantom. The robot is used to
articulate the probe to programmed positions inside the phantom head to obtain SAR readings
from the DUT.

DATA AQUISITION CABLE
CPU
PROBE
ol AMPLIFIER
MOHITOR MOVEMENT
GEAR
=1
= PROBE
W0BOT STAND
eacu |1 BE
PAD INTERFACE
CABLE
ROBOT -
CONTROLLER

Figure 1 Schematic diagram of the SARA-C measurement
system showing the L-probe and upside-down SAM phantom

The system is controlled remotely from a PC, which contains the software to drive the robot and
data acquisition equipment. The software also displays the data obtained from test scans.

The position and digitised shape of the phantom heads are made available to the software for
accurate positioning of the probe and reduction of set-up time. The SAM phantom heads are
individually digitised using a Mitutoyo CMM machine to a precision of 0.001mm. The data is
then converted into a shape format for the software, providing an accurate description of the
phantom shell. Even with this accuracy, registration errors and deformation of the phantom
when filled with 7 litres of fluid, can lead to probe placement errors of 1Tmm or more. For this
reason, the L-probes house a 2-axis strain gauge unit, which allow the actual phantom wall
position to be sensed to an accuracy of 0.3mm during probe movements.

In operation, the system first does an area (2D) scan within the liquid following the curve of the

phantom wall at a fixed distance. When the maximum SAR point has been found, the system
will then carry out a 3D scan centred at that point to determine volume averaged SAR level.
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2.1.2 Probe and Amplifier Specification

IndexSAR isotropic immersible straight SAR probes

Straight probes are constructed using three orthogonal dipole sensors arranged on an

interlocking, triangular prism core. The probes have built-in shielding against static charges and

are contained within a PEEK cylindrical enclosure material at the tip. The tips come in either

5mm (typically for use up to 3GHz) or 2.5mm (above 3GHz) versions, model types IXP-050 and

IXP-025 respectively.

Straight probes are calibrated by NPL in the UK.

Straight probes are used exclusively in the box phantom, to measure SAR from DUTs placed

against the phantom base. In SARAZ2, straight probes were also used in the SAM phantom, but

this is forbidden in SARA-C, where L-probes are demanded. NB the reverse is not true: L-

probes can be used in the box phantom.

IndexSAR L-probes

The L-shaped probe is so designed to ensure the probe tip can remain perpendicular to the

SAM phantom wall during scans. To allow for greater probe articulation freedom, the SAM

phantom head has been turned upside down and the probe is inserted through the throat

aperture, rather than through a small hole at the top of the head in the old SARA2 SAR

measurement system.

Like the straight probes, L-probes also come in the same two tip sizes: IXP-020 (5mm) and IXP-

021 (2.5mm).

L-probes are calibrated to national standards in-house by IndexSAR.

L-probes can be used either in the SAM head, or against the side wall of the box phantom.
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IFA-020 Fast Amplifier

A block diagram of the fast probe amplifier electronics is shown below.

IXA-020 FAST PROBE AMPLIFIER BLOCK DIAGRAM
I ™ " Circular P_Cl?ﬁ_a;wt_wml aaReES;neFicaly_ o
| Arranged in Star Formation |
| [ Synchronous
| Readings
| Every
| EM Probe _ 12 Bit ADC I 2ms
Connector High Input / Gains x1 to x64
| Impedance
| X Amplifier
_ | Serial Comms. | To PC

| | :"J]EI*LLZF::}E 12 Bit ADC - Microcontroller p| Interface To —
| Y_ | Arr?pliﬂer Gains %1 to x64 | - (Nu Aueraging] ot Optlcal Fibre —
| Connectors

z High Input |
| Impedance .
| Amplifier 12 Bit ADC 500 Reading

\ Gains x1 to x64 Sets / Second
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Figure 2 Schematic diagram of the fast amplifier

This amplifier has a time constant of approx. 50us, which is much faster than the SAR probe
response time. The overall system time constant is therefore that of the probe (<1ms) and a
reading containing data for all three channels is returned to the PC every 2ms. The conversion
period is approx. 1 ps at the start of each 2ms period. This enables the probe to follow pulse
modulated signals of periods >>2ms. The PC software applies the linearisation procedure
separately to each reading, so no linearisation corrections for the averaging of modulated
signals are needed in this case.

The fast amplifier sampling rate can be adjusted via the SARA-C user interface from 1.7ms to
2.3ms. When not measuring CW signals, it is important to ensure that this probe reading rate
and the modulated signal’s pulse repetition rate are not unintentionally synchronised since this
can lead to aliasing and a gross reduction in accuracy. For GSM signals, the default amplifier
sampling rate of 2ms is entirely satisfactory, whereas changing it to 2.3ms (almost exactly half
the GSM frame rate) could mean GSM bursts are always missed.

When aggregating 2ms samples to reduce the stochastic noise, it is equally important to match
the number of samples with the longer-term timing structure of the modulation scheme. Taking
GSM as an example again, since 120ms is the precise length of a GSM traffic channel
multiframe, best practice would dictate that aggregated samples should cover exact multiples of
this timescale. In this case, setting the number of samples to be aggregated to 120 (2
multiframes), or 240 samples (4 multiframes) should be ideal. Other signalling protocols would
require changing these numbers as appropriate.
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Phantoms

The Flat phantom used is a rectangular Perspex Box IndexSAR item IXB-2HF, dimensions 240
x 190 x 195mm (w x d x h). The base and one side wall are made of FR4 material which has
specific dielectric properties and a tightly-controlled thickness. The base is used in tandem with
straight probes, measuring either a DUT or a validation dipole, while the side wall is for
performing validations with the L-probe. It is also feasible to perform measurements on body-
worn devices with the L-probe against the side window, but only if the L-probe is suitably
calibrated (ie if the measurement standard demands body and head fluids have the same
dielectric properties).

The Specific Anthropomorphic Mannequin (SAM) Upright Phantom is fabricated using moulds
generated from the CAD files as specified by CENELEC EN 62209-1: 2006.

2.1.3 SAR Measurement Procedure

Detailed measurement procedures for SARA-C are set out in a separate IndexSAR technical
document (“SARA-C Operational Procedures”

A test set and dipole antenna control the handset via an air link and a low-mass phone holder
can position the phone at either ear. Graduated scales are provided to set the phone in the 15
degree position. The upright phantom head holds approx. 7 litres of simulant liquid. The
phantom is filled and emptied through the 110mm diameter penetration hole in the neck.

An area scan is performed inside the head at a fixed distance of 5mm from the curved surface
on the source side. An algorithm presents the user with the location of any local hotspots and
allows one to be selected for a follow-up 3D scan, looking at how the signal absorption varies
with depth. A comparison between the start and end readings at a fixed distance from the DUT
also enables the power drift during measurement to be assessed.

SARA-C Interpolation and Extrapolation schemes

SARA-C software contains support for both 2D cubic B-spline interpolation as well as 3D cubic
B-spline interpolation. In addition, for extrapolation purposes, a proprietary curve-fitting routine
is implemented as a weighted average of 3 different polynomial fits. The polynomial fitting
procedures have been extensively tested by comparing the fitting coefficients generated by the
SARA-C procedures with those obtained using the polynomial fit functions of Microsoft Excel
when applied to the same test input data.

Interpolation of 2D area scan

The 2D cubic B-spline interpolation is used after the initial area scan at fixed distance from the
phantom shell wall. The initial scan data are collected with approx. 115mm spatial resolution
and spline interpolation is used to find the location of the local maximum to within a 1mm
resolution for positioning the subsequent 3D scanning.

Extrapolation of 3D scan

For the 3D scan, data are collected on a spatially regular, but conformal, 3D grid having (by
default) 6.4 mm steps in the lateral dimensions and 3.5 mm steps in the depth direction (away
from the source). SARA-C enables full control over the selection of alternative step sizes in all
directions.
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The overall accuracy of the 1g and 10g SAR volume average depends largely on the accuracy
with which the probe can be re-positioned in the head. Although the digitised shape of the
head is available to the SARA-C software, a better positioning solution is to use strain gauges
attached to the L-probe to feel for the actual surface and to base all movements relative to this
positive detection. An even more precise, but time-consuming, method is to place the probe tip
in positive contact against the phantom wall, then step backwards 0.01mm at a time while
monitoring the recorded SAR reading. At the exact moment that the probe detaches from
contact, the SAR reading will suddenly fall.

After the data collection, the data are extrapolated up to the shell wall in the depth direction to
assign values to points in the 3D array which cannot be measured in practice because of the
finite size of the sensor tip. For automated measurements inside the head, the distance of the
closest plane from the wall cannot be less than 2.7mm (for 5mm probes) and 1.39mm (for
2.5mm probes), this being the distance of the probe sensors behind the front edge of the probe

tip.

Interpolation of 3D scan and volume averaging

The procedure used in SARA-C for defining the volumes used in SAR averaging follow the
method of adapting the surface of the ‘cube’ to conform with the curved inner surface of the
phantom (see Appendix C.2.2.1 in EN 62209-1: 2006). This is called, here, the conformal
scheme.

For each row of data in the depth direction, the data are extrapolated to the phantom wall, and
interpolated to less than 1mm spacing and average values are calculated from the phantom
surface for the row of data over distances corresponding to the requisite depth for 10g and 1g
cubes. This results in two 2D arrays of data, one for 1g and the other for 10g masses, which
are then cubic B-spline interpolated to sub mm lateral resolution. A search routine then moves
an averaging square around through the 2D array and records the maximum value of the
corresponding 1g and 10g volume averages.

The default step size is 3.5mm, but this is under user-control. The compromise is with time of
scan, so it is not practical to make it much smaller or scan times become long and power-drop
influences become larger.

The robot positioning system specification for the repeatability of the positioning (dss in EN
62209-1: 2006) is +/- 0.04mm.
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214 Head Test Positions
This recommended practice specifies exactly two test positions for the handset against the head
phantom, the “Cheek” position and the “tilted” position. The handset should be tested in both
positions on the left and right sides of the SAM phantom. In each test position the centre of the
earpiece of the device is placed directly at the entrance of the auditory canal. The angles
mentioned in the test positions used are referenced to the line connecting both auditory canal
openings. The plane this line is on is known as the reference plane. Testing is performed on the
right and left-hand sides of the generic phantom head.

Figure 3 Side view of mobile next to head showing alignment
The Cheek Position
The Cheek Position is where the mobile is in the reference plane and the line between the
mobile and the line connecting both auditory canal openings is reduced until any part of the
mobile touches any part of the generic twin phantom head.
The 15° Position
The 15° Position is where the mobile is in the reference Cheek position and the phone is kept in
contact with the auditory canal at the earpiece; the bottom of the phone is then tilted away from
the phantom mouth by 15°.
Right Right
Ear Ear

Figure 4 Cheek position Figure 5 152 Tilt Position
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SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-09:57:08 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 84.40mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: | 51.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 17.235
TEST FREQUENCY: 848.8MHz SAR 1g: 0.232 W/kg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.262 W/kg
INPUT POWER LEVEL: 32.9dBm SAR END: 0.255 W/kg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: -2.500 %
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Figure 6: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-10:23:00 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 49.40mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: | -116.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 9.378
TEST FREQUENCY: 848.8MHz SAR 1¢: 0.094 W/kg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.084 W/kg
INPUT POWER LEVEL: 32.9dBm SAR END: 0.082 W/kg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: -2.300 %
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Figure 7: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-11:31:32 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 84.30mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: -122.40mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 17.079
TEST FREQUENCY: 848.8MHz SAR 1g: 0.273 Wikg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.294 Wikg
INPUT POWER LEVEL: 32.9dBm SAR END: 0.304 Wikg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: 3.400 %
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Figure 8: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-12:22:13 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 62.20mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: -129.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 10.309
TEST FREQUENCY: 848.8MHz SAR 1g: 0.082 Wikg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.094 Wikg
INPUT POWER LEVEL: 32.9dBm SAR END: 0.095 Wikg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: 0.200 %
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Figure 9: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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2.3 GSM 850MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS - 2D
SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-14:08:55 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 79.80mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: | -91.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 17.519
TEST FREQUENCY: 848.8MHz SAR 1g: 0.292 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.279 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.299 W/kg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: 7.000 %
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Figure 10: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-14:37:28 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 49.20mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: -118.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 9.957
TEST FREQUENCY: 848.8MHz SAR 1g: 0.106 Wikg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.090 Wikg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.096 Wikg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: 6.600 %
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Figure 11: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-12:54:14 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 84.40mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: -119.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 19.233
TEST FREQUENCY: 848.8MHz SAR 1g: 0.310 Wikg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.372 Wikg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.353 Wikg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: -5.200 %
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Figure 12: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-13:21:10 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 60.60mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: -129.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 10.827
TEST FREQUENCY: 848.8MHz SAR 1g: 0.113 Wikg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.108 Wikg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.112 Wikg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: 3.600 %
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Figure 13: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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GSM 850MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS - 2D

X horizontal (mm}

SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-15:17:09 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -4.60mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: -1.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 24,787
TEST FREQUENCY: 848.8MHz SAR 1g: 0.521 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.505 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.532 W/kg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: 5.500 %
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Figure 14: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-15:47:55 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -14.90mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 2.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 27.328
TEST FREQUENCY: 848.8MHz SAR 1g: 0.745 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.743 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.808 W/kg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: 8.800 %
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Figure 15: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-16:13:52 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -6.20mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: 3.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 20.146
TEST FREQUENCY: 848.8MHz SAR 1g: 0.400 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.386 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.385 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -0.400 %
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Figure 16: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-16:31:07 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: 9.40mm
DUT POSITION: 10mm-Right Edge MAX SAR Y-AXIS LOCATION: 3.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 22.178
TEST FREQUENCY: 848.8MHz SAR 1g: 0.497 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.500 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.498 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -0.400 %
CHANGED:
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Figure 17: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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Product Service
SYSTEM /| SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-16:50:26 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 4.30mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: | 11.90mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 8.316
TEST FREQUENCY: 848.8MHz SAR 1g: 0.044 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.081 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.078 W/kg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -2.600 %
CHANGED:
3
2
£
= 1
E
c
]
T
24
o

Figure 18: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 848.8MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-13:12:31 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -13.70mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 2.40mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 31.104
TEST FREQUENCY: 836.4MHz SAR 1g: 0.961 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.947 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 0.880 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -7.100 %
CHANGED:
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Figure 19: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 836.4MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-13:31:17 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 47.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -16.70mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 3.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 30.329
TEST FREQUENCY: 824.2MHz SAR 1g: 0.914 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.923 W/kg
INPUT POWER LEVEL: 30.8dBm SAR END: 1.001 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: 8.500 %
CHANGED:
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Figure 20: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 824.2MHz.
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25 WCDMA FDDV HEAD SAR TEST RESULTS AND COURSE AREA SCANS — 2D
SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-16:24:32 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 83.10mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: | -87.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 20.902
TEST FREQUENCY: 826.4MHz SAR 1g: 0.393 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.390 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.384 W/kg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: -1.600 %
CHANGED:
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Figure 21: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-09:52:36 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.50°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 51.90mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: | -113.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 11.191
TEST FREQUENCY: 826.4MHz SAR 1¢: 0.118 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.118 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.117 W/kg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: -0.300 %
CHANGED:
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Figure 22: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-10:39:57 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.20°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 30.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.90°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 85.90mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: -118.90mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 20.187
TEST FREQUENCY: 826.4MHz SAR 1g: 0.374 Wikg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.420 Wikg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.427 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: 1.800 %
CHANGED:
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Figure 23: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM / SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-11:04:22 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.20°C LIQUID SIMULANT: 850 Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 41.84
RELATIVE HUMIDITY: 30.40% CONDUCTIVITY: 0.893
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.90°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 68.10mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: -128.30mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 11.788
TEST FREQUENCY: 826.4MHz SAR 1g: 0.119 Wikg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.125 Wikg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.124 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -0.400 %
CHANGED:
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Figure 24: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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Product Service

2.6 WCDMA FDDV BODY SAR TEST RESULTS AND COURSE AREA SCANS —-2D

X horizontal (mm}

40

SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-09:06:28 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -8.20mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: -3.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 23.275
TEST FREQUENCY: 826.4MHz SAR 1g: 0.527 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.535 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.519 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -2.900 %
CHANGED:
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Figure 25: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-09:26:46 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -14.80mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 3.30mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 29.234
TEST FREQUENCY: 826.4MHz SAR 1g: 0.844 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.835 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.826 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -1.100 %
CHANGED:
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Figure 26: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-10:16:10 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -6.90mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: 4.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 20.642
TEST FREQUENCY: 826.4MHz SAR 1g: 0.429 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.427 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.424 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.700 %
CHANGED:
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Figure 27: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-10:37:25 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -4.20mm
DUT POSITION: 10mm-Right Edge MAX SAR Y-AXIS LOCATION: 2.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 22.643
TEST FREQUENCY: 826.4MHz SAR 1g: 0.516 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.523 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.529 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: 1.300 %
CHANGED:
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Figure 28: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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Product Service
SYSTEM /| SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-10:57:48 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 6.10mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: | 10.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 5.981
TEST FREQUENCY: 826.4MHz SAR 1g: 0.040 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.040 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.039 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.100 %
CHANGED:
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Figure 29: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 826.4MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-11:26:57 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -11.20mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 3.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 28.101
TEST FREQUENCY: 835.0MHz SAR 1g: 0.781 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.790 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.788 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.200 %
CHANGED:
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Figure 30: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 835.0MHz.
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Product Service
SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-11:50:51 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.30°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 35.80% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -11.00mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 1.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 24.631
TEST FREQUENCY: 846.6MHz SAR 1g: 0.624 W/kg
TYPE OF MODULATION: QPSK (RMC Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.628 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.612 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -2.600 %
CHANGED:
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Figure 31: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 846.6MHz.
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LTE BAND 26 850MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS —-2D

SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-14:22:56 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -7.20mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: -2.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 23.189
TEST FREQUENCY: 831.5MHz SAR 1g: 0.525 Wikg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.529 Wikg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.510 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -3.600 %
CHANGED:
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Figure 32: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 831.5MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-14:39:54 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -12.90mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 2.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 27.260
TEST FREQUENCY: 831.5MHz SAR 1g: 0.723 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.732 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.715 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -2.400 %
CHANGED:
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Figure 33: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 831.5MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-15:04:49 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -5.00mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: 2.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 20.051
TEST FREQUENCY: 831.5MHz SAR 1g: 0.406 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.403 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.401 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.400 %
CHANGED:
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Figure 34: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 831.5MHz.
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Product Service
SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-15:23:29 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: 3.80mm
DUT POSITION: 10mm-Right Edge MAX SAR Y-AXIS LOCATION: 2.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 22.028
TEST FREQUENCY: 831.5MHz SAR 1g: 0.497 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.497 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.497 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.100 %
CHANGED:
3
2z.
* z0.
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E S 12,
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Figure 35: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 831.5MHz.
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Product Service
SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-15:41:04 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: 8.20mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: 9.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 6.212
TEST FREQUENCY: 831.5MHz SAR 1g: 0.043 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.043 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.043 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.800 %
CHANGED:
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Figure 36: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 831.5MHz.
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Product Service
SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-16:06:39 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -11.50mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 1.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 29.729
TEST FREQUENCY: 821.5MHz SAR 1g: 0.878 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.885 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.806 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -9.000 %
CHANGED:
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Figure 37: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 821.5MHz.
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Product Service
SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-16:24:45 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 30.30% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -12.00mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: -1.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 22.770
TEST FREQUENCY: 841.5MHz SAR 1g: 0.522 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.524 W/kg
INPUT POWER LEVEL: 24.2dBm SAR END: 0.519 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -0.900 %
CHANGED:
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Figure 38: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 841.5MHz.
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Product Service

LTE BAND 26 850MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS —-2D

X horizontal (mm}

SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 04/06/2015-10:43:31 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 39.50% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -8.20mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: -3.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 19.830
TEST FREQUENCY: 821.5MHz SAR 1g: 0.385 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.384 W/kg
INPUT POWER LEVEL: 23.2dBm SAR END: 0.372 W/kg
PROBE BATTERY LAST 04/06/2015 SAR DRIFT DURING SCAN: -3.300 %
CHANGED:
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Figure 39: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 821.5MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 04/06/2015-11:02:01 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 39.50% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -13.90mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 5.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 25.099
TEST FREQUENCY: 821.5MHz SAR 1g: 0.624 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.643 W/kg
INPUT POWER LEVEL: 23.2dBm SAR END: 0.618 W/kg
PROBE BATTERY LAST 04/06/2015 SAR DRIFT DURING SCAN: -3.900 %
CHANGED:
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Figure 40: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 821.5MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 04/06/2015-09:45:02 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 39.50% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -7.00mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: 4.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 17.457
TEST FREQUENCY: 821.5MHz SAR 1g: 0.309 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.312 W/kg
INPUT POWER LEVEL: 23.2dBm SAR END: 0.308 Wikg
PROBE BATTERY LAST 04/06/2015 SAR DRIFT DURING SCAN: -1.500 %
CHANGED:
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Figure 41: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 821.5MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 04/06/2015-10:03:44 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 39.50% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -7.20mm
DUT POSITION: 10mm-Right Edge MAX SAR Y-AXIS LOCATION: 1.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 19.452
TEST FREQUENCY: 821.5MHz SAR 1g: 0.376 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.380 W/kg
INPUT POWER LEVEL: 23.2dBm SAR END: 0.380 Wikg
PROBE BATTERY LAST 04/06/2015 SAR DRIFT DURING SCAN: 0.000 %
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Figure 42: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 821.5MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 04/06/2015-10:21:06 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 850 Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.90
RELATIVE HUMIDITY: 39.50% CONDUCTIVITY: 0.945
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: 3.60mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: 12.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 5.158
TEST FREQUENCY: 821.5MHz SAR 1g: 0.028 W/kg
TYPE OF MODULATION: QPSK (LTE) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.028 W/kg
INPUT POWER LEVEL: 23.2dBm SAR END: 0.028 Wikg
PROBE BATTERY LAST 04/06/2015 SAR DRIFT DURING SCAN: 0.800 %
CHANGED:
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Figure 43: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 821.5MHz.
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2.9 GSM 1900MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS - 2D
SYSTEM/ SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-14:10:41 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 28.90% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.80°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 80.10mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: -94.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 10.658
TEST FREQUENCY: 1880MHz SAR 1g: 0.189 Wikg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.218 Wikg
INPUT POWER LEVEL: 30.5dBm SAR END: 0.208 W/kg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -4.500 %
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Figure 44: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-15:05:12 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 28.90% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.80°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 26.60mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: -149.10mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 6.999
TEST FREQUENCY: 1880MHz SAR 1g: 0.093 Wikg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.085 Wikg
INPUT POWER LEVEL: 30.5dBm SAR END: 0.083 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -2.300 %
CHANGED:
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Figure 45: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM / SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-15:36:21 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 28.90% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.80°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 91.10mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: -110.90mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 11.064
TEST FREQUENCY: 1880MHz SAR 1g: 0.245 Wikg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.210 Wikg
INPUT POWER LEVEL: 30.5dBm SAR END: 0.221 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: 4.800 %
CHANGED:
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Figure 46: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM / SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-16:33:02 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.00°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 28.90% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.80°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 21.90mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: -141.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 7.518
TEST FREQUENCY: 1880MHz SAR 1g: 0.079 Wikg
TYPE OF MODULATION: GMSK (Voice Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 12.5% SAR START: 0.102 Wikg
INPUT POWER LEVEL: 30.5dBm SAR END: 0.096 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: -5.200 %
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Figure 47: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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Product Service

GSM 1900MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS —-2D

SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-10:59:04 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 31.00% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: | 82.20mm
DUT POSITION: Left-Cheek MAX SAR Z-AXIS LOCATION: | -92.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 11.688
TEST FREQUENCY: 1880MHz SAR 1g: 0.218 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.282 W/kg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.263 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -6.500 %
CHANGED:
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Figure 48: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM /| SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-11:37:31 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 31.00% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 26.60mm
DUT POSITION: Left-15° MAX SAR Z-AXIS LOCATION: -149.70mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 7.506
TEST FREQUENCY: 1880MHz SAR 1g: 0.094 Wikg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.097 Wikg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.092 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -5.000 %
CHANGED:
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Figure 49: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM / SOFTWARE: SARA-C / v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-08:55:58 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 31.00% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 89.10mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: -120.20mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 11.135
TEST FREQUENCY: 1880MHz SAR 1g: 0.285 Wikg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.183 Wikg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.187 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: 1.800 %
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Figure 50: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.

Document 75930192 Report 12 Issue 1 Page 77 of 94

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service
SYSTEM / SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-10:23:53 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 1900Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 40.75
RELATIVE HUMIDITY: 31.00% CONDUCTIVITY: 1.448
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 23.10°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 21.60mm
DUT POSITION: Right-15° MAX SAR Z-AXIS LOCATION: -143.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 7.964
TEST FREQUENCY: 1880MHz SAR 1g: 0.099 Wikg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.104 Wikg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.107 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: 2.800 %
CHANGED:
o
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~100H 7
§ s
ra —1504-+ =
~200 |
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Figure 51: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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GSM 1900MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS - 2D

X horizontal (mm}

SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-14:21:41 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.20°C LIQUID SIMULANT: 1900Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 54.48
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 1.576
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -35.60mm
DUT POSITION: 10mm-Front Facing MAX SAR Y-AXIS LOCATION: -9.90mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 10.397
TEST FREQUENCY: 1880MHz SAR 1g: 0.163 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.170 W/kg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.168 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -1.200 %
CHANGED:
2

£ 1of

5 = 7

rE ~1iH l'

= | |

—2iH
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Figure 52: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-14:42:25 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.20°C LIQUID SIMULANT: 1900Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 54.48
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 1.576
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -36.90mm
DUT POSITION: 10mm-Rear Facing MAX SAR Y-AXIS LOCATION: 17.80mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 12.902
TEST FREQUENCY: 1880MHz SAR 1g: 0.268 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.282 W/kg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.273 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -3.200 %
CHANGED:
3
14
2 1

3 c

c =y

i =

T

24

-

Figure 53: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM/ SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-15:17:07 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.20°C LIQUID SIMULANT: 1900Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 54.48
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 1.576
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -35.80mm
DUT POSITION: 10mm-Right Edge MAX SAR Y-AXIS LOCATION: -4.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 10.065
TEST FREQUENCY: 1880MHz SAR 1g: 0.179 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.202 W/kg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.189 Wikg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: -6.400 %
CHANGED:
3
1
2 1
i
- 1
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c e
ri =
T
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¥ horizontal (mm}

Figure 54: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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SYSTEM /| SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 03/06/2015-16:02:36 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.20°C LIQUID SIMULANT: 1900Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 54 .48
RELATIVE HUMIDITY: 31.60% CONDUCTIVITY: 1.576
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.00°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: | 4.30mm
DUT POSITION: 10mm-Top Edge MAX SAR Y-AXIS LOCATION: | -3.00mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 11.798
TEST FREQUENCY: 1880MHz SAR 1¢: 0.231 W/kg
TYPE OF MODULATION: GMSK (GPRS Mode) SAR 10g: N/A
MODN. DUTY CYCLE: 25% SAR START: 0.246 W/kg
INPUT POWER LEVEL: 28.3dBm SAR END: 0.258 W/kg
PROBE BATTERY LAST 03/06/2015 SAR DRIFT DURING SCAN: 4.800 %
CHANGED:
3
14
2 12
£, 1
3 2
c e
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T
24
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Figure 55: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 1880.0MHz.
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WLAN 2450MHz HEAD SAR TEST RESULTS AND COURSE AREA SCANS —-2D

SYSTEM /| SOFTWARE: SARA-C /v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 01/06/2015-14:51:02 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 2450Head
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 39.74
RELATIVE HUMIDITY: 29.80% CONDUCTIVITY: 1.849
PHANTOM S/NO: IXB-040 LIQUID TEMPERATURE: 22.80°C
PHANTOM ROTATION: N/A MAX SAR Y-AXIS LOCATION: 84.60mm
DUT POSITION: Right-Cheek MAX SAR Z-AXIS LOCATION: -98.60mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 5.594
TEST FREQUENCY: 2412.0MHz SAR 1g: 0.066 Wikg
TYPE OF MODULATION: WLAN (DSSS) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.070 Wikg
INPUT POWER LEVEL: 17dBm SAR END: 0.073 Wikg
PROBE BATTERY LAST 01/06/2015 SAR DRIFT DURING SCAN: 4.300 %
CHANGED:
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Figure 56: SAR Head Testing Results for the Sharp SHF32 Mobile Handset at 2412.0MHz.
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WLAN 2450MHz BODY SAR TEST RESULTS AND COURSE AREA SCANS - 2D

SYSTEM / SOFTWARE: SARA-C/ v6.09.15 INPUT POWER DRIFT: 0dB
DATE / TIME: 02/06/2015-13:21:29 DUT BATTERY MODEL/NO: SHF31UAA
AMBIENT TEMPERATURE: 23.40°C LIQUID SIMULANT: 2450Body
DEVICE UNDER TEST: SHF32 RELATIVE PERMITTIVITY: 52.12
RELATIVE HUMIDITY: 49.10% CONDUCTIVITY: 1.986
PHANTOM S/NO: IXB-2HF LIQUID TEMPERATURE: 23.20°C
PHANTOM ROTATION: N/A MAX SAR X-AXIS LOCATION: -26.60mm
DUT POSITION: 10mm-Left Edge MAX SAR Y-AXIS LOCATION: 5.50mm
ANTENNA CONFIGURATION: | N/A MAX E FIELD: 8.920
TEST FREQUENCY: 2412.0MHz SAR 1g: 0.195 Wikg
TYPE OF MODULATION: WLAN (DSSS) SAR 10g: N/A
MODN. DUTY CYCLE: 100% SAR START: 0.209 W/kg
INPUT POWER LEVEL: 17dBm SAR END: 0.210 Wikg
PROBE BATTERY LAST 02/06/2015 SAR DRIFT DURING SCAN: 0.700 %
CHANGED:
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Figure 57: SAR Body Testing Results for the Sharp SHF32 Mobile Handset at 2412.0MHz.
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SECTION 3

TEST EQUIPMENT USED
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TEST EQUIPMENT USED
The following Test equipment used at TUV SUD Product Service:
Instrument Description Manufacturer Model Type Lﬁmber (?:Lstig?d gigbg’:,lgn
Signal Generator Hewlett Packard | ESG4000A 38 12 26-May-2016
10MHz - 2.5GHz, 3W, Vectawave VTL5400 51 - TU
Amplifier Technology
Directional Coupler Krytar 1850 58 - TU
Power Sensor Rohde & NRV-Z1 60 12 11-Jun-2015
Schwarz
Signal Generator Hewlett Packard | ESG4000A 61 12 1-Jul-2015
Thermometer Digitron T208 64 12 7-May-2016
Power Sensor Rohde & NRV-Z1 178 12 19-May-2016
Schwarz
Radio Communications Rohde & CMU 200 442 12 13-Jan-2016
Test Set Schwarz
Attenuator (20dB, Narda 766F-20 483 12 3-Jun-2016
20W)
AC Voltage Regulator Unknown EM4H520X230X1893 842 - TU
Ear Positioner with IndexSar Ltd IXH-050 1578 - TU
Support
Dipole IndexSar Ltd IXH-020 1585 - TU
Positioner/Support
(plastic)
Bi-directional Coupler IndexSar Ltd 7401 (VDC0830-20) 2414 - TU
Hygromer Rotronic 1-1000 2784 12 15-Apr-2016
Power Sensor Rohde & NRV- Z5 2878 12 11-Jun-2015
Schwarz
Antenna Katherin Scala 0G-890/1990/DC 2906 - TU
(Omnidirectional) Division
Power Meter Rohde & NRVD 2979 12 19-May-2016
Schwarz
Radio Communications Rohde & CMU 200 3035 12 6-Nov-2015
Test Set Schwarz
Dual Channel Power Rohde & NRVD 3259 12 12-Jun-2015
Meter Schwarz
Power Sensor Rohde & NRV-Z1 3563 12 19-May-2016
Schwarz
Meter & T/C R.S Meter 615-8206 & Type 3612 12 24-Sep-2015
Components KTI/IC
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 SAM 4075 - TU
phantom
Part of SARAC System IndexSar Ltd Robot Controller 4076 - TU
Part of SARAC System IndexSar Ltd Cartesian Leg Extension 4078 - TU
Cartesian 4-axis Robot IndexSar Ltd SARAC 4079 - TU
Part of SARAC System IndexSar Ltd Wooden Bench 4081 - TU
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e TE Cal Period Calibration
Instrument Description Manufacturer Model Type Number (months) Due Date
Part of SARAC System IndexSar Ltd 5th & 6th Axis 4082 - TU
Supplementary
Controller
80mm Tem Cell IndexSar Ltd 4084 - TU
Wideband Radio Rohde & CMW 500 4144 12 7-Nov-2015
Communication Tester Schwarz
Loop Antenna Solar 7334-1 4215 24 28-Jan-2017
Head Phantom IndexSar Ltd IXB-040 Inverted SAM 4254 - TU
phantom
hold handsets against SAM | IndexSar Ltd Handset Holder 4257 - TU
Phantom during testing
Spacer used to raise body IndexSar Ltd Body Phantom Spacer 4258 - TU
phantom
hold handsets against SAM | IndexSar Ltd Handset Holder 4263 - TU
Phantom
hold handsets against SAM | IndexSar Ltd Handset Holder 4264 - TU
Phantom
hold handsets against SAM | IndexSar Ltd Handset Holder 4265 - TU
Phantom
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
Immersible SAR Probe IndexSar Ltd IPX-050 4312 24 13-Mar-2017
Immersible SAR Probe IndexSar Ltd IPX-050 4313 24 13-Mar-2017
Immersible SAR Probe IndexSar Ltd IPX-020 4317 24 20-Mar-2017
Flat Phantom IndexSar Ltd IXB-2HF 700- 4399 - TU
6000MHz
Flat Phantom IndexSar Ltd IXB-2HF 700- 4400 - TU
6000MHz
SAR Probe IndexSar Ltd IPX-020 4443 24 20-Mar-2017
835MHz Head Fluid IndexSar Ltd Batch 20 N/A 1 18-Jun-2015
835MHz Body Fluid IndexSar Ltd Batch 13 N/A 1 06-Jun-2015
1900MHz Head Fluid IndexSar Ltd Batch 8 N/A 1 06-Jun-2015
1900MHz Body Fluid IndexSar Ltd Batch 4 N/A 1 06-Jun-2015
2450MHz Head Fluid IndexSar Ltd Batch 11 N/A 1 06-Jun-2015
2450MHz Body Fluid IndexSar Ltd Batch 7 N/A 1 06-Jun-2015
TU - Traceability Unscheduled
Document 75930192 Report 12 Issue 1 Page 87 of 94




COMMERCIAL-IN-CONFIDENCE

Product Service
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.

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
835MHz Head 415 41.8 0.90 0.90
835MHz Body 55.2 55.1 0.97 0.99
1900MHz Head 40.0 40.9 1.40 1.45
1900MHz Body 53.3 54.2 1.52 1.57
2450 MHz Head 39.2 37.7 1.80 1.77
2450MHz Body 52.7 50.1 1.95 2.00
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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 23.0°C to 23.5°C.
The actual humidity during the testing ranged from 28.9% to 49.1% RH.
3.4.2 Test Fluid Temperature Range
Frequency Body / Head Fluid Min Temperature °C Max Temperature °C
835MHz Head 22.9 23.1
835MHz Body 23.1 23.2
1900MHz Head 22.8 23.1
1900MHz Body 23.0 23.0
2450MHz Head 22.8 22.8
2450MHz Body 23.2 23.2

3.4.3 SAR Drift
The SAR Drift was within acceptable limits during scans. The maximum SAR Drift, drift due to
the handset electronics, was recorded as 7.0% (0.935 dB) for head and 8.8% (1.098 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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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 7234 7.0 R 1.73 | 1 4.04 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 | 320 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 11.46
uncertainty
Expanded uncertainty _
(95% confidence interval) K=2 2293
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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 8.8 R 1.73 | 1 5.08 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 11.66
uncertainty ’
Expanded uncertainty K=2 23.32

(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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IMMERSIELE SAR PROBE
CALIBRATION REFPORT

Part Number: IXP=020

S/N L0006

March 2015

Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate
Surréy RHS 5BG
Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834
e-mail: ggﬂﬁwﬂ!d&xﬂnm

Reprodusction of this repor is authorized by Indecsar Lid provided the: report & reproduced in its -entinety
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Indexsar Limited
Oakfield House
Cudworth Lane

e

Surrey RHS 5BG

Tel: +44 (0) 1306 632 870
Fax: +44 () 1306 6371 834

Calibration Certificate 1503/L0006
Date of Issue: 31 March 2013
Immersible SAR Probe

| Type: DXP-020 |

| Manufacturer: IndexSAR, UK |

[ Serial Number: L000B ]

[#hﬂlﬂhllbﬂﬂun: IndexSAR, UK I

| Date of Raceipt of Probe: 10 February 2015 |

Ecﬂhﬂﬂmmm: 13 = 20 March 2015 |

[cmﬁnm-. TUV Sud |

IndexSAR Ltd hereby declares that the IXP-050 Probe mnamed above has been
calibrated for conformity to the current versions of IEEE 1528, IEC 622091, IEC €2209-
2, and FCC 5AR standards using the methods described in this calibration document.
‘Where applicable, the standands used in the calibration process are traceable to the

UK's National Physical Laboratory.

‘Calibrated by: M Technical Manager
o
/ —
Approved by: X : Diractor

l

Flaase k this certificate with the calibralion document. When the probe is
nt a calibration lease in i librati Liment.
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INTRODUCTION

L-shaped probes are designed solely for use on the SARA-C SAR-measuring
system. They are not designed to work on SARAZ or any other robot-
poesitioning systern, but can be positioned manually if software is available to
read out SAR measurement values..

This Report presents measured calibration data for a particular Indexsar SAR
probe {S/MN LO0O0ES) only and describes the procedures used for
characterisation and calibration,

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations of IEC 622031 [Ref 1], |IEEE 1528 [Ref 2], IEC
62209-2 [Ref 3) and FCC SAR [Ref 4] standards, or equivalent. The
procedures incorporate technigues for probe ling arisation, isctropy
assessment and determination of liguid factors (conversion factors).
Calibrations are determined by comparing probe readings with analytical
computations in canonical test geometries (waveguides) using normalised
power inpuls.

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 S00MHz brain fluid.

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

3) Sinece imotrapy and chanmel sansitivity factors are fragquancy
independent, these channel sensitivity factors can be applied to
model the exponential decay of SAR in a waveguide fluid cell at
each frequency of interest, and hence derive the liquid conversion
factors at that frequency.

2 robe output

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

U = Uw"‘ UwZIDCF “}

where Uy, is the linearised signal, Uy, is the raw output signal in mY and DCP
is the diode compression potential, also in mV.
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DCP is determined from fitting equation (1) to measurernents of Uy, versus
source feed power aver the full dynamic range of the probe. The DCPisa
characteristic of the Schottky diodes used as the sensors. For the [XP-020
probes with CW signals the DCP values are typically 100m\.

For this value of DCP, the typical linearity response of 1XP-050 probes to CW
and te GSM modulation is shown in Figure 7, along with deparures of this
same dataset from linearity.

In turn, measureme nts of E-field are determined using the following equation:
Enq"' im) = i * Air Factor,” Lig Factor,

+ Uy Air Factor,” Lig Factor,
+ Ly ® 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,

Within SARA-C, an L-probe's predominant mode of operatian is with the tip
pointing directly towards the source of radiation. Consaquently, 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).

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 time. 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 900MHz 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 wia a
directional coupler and power meter. The absolute power level is not
important as long as it is stable, with stability being monitared using the
coupler and power meter,

During calibration, the spherical isotropy response is measured by changing
the orientation of the probe sensors with respect to the dipolle, while keeping
the long shaft of the prabe vertical and the probe sensors at precisely the
same position in space. Correctly aligning the probe sensors in this way is
essential to an accurate measurement of isotropy.

Initially, the short shaft of the probe is positionad 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
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Figure 1). In this position, the probe is said to be at a position angle of -80
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
from O to 360 degrees in 20 degree steps. The short shaft of the probe
thereby starts moving increasingly end-on to the dipole, and after passing
through perpendicularity, it carries on until faging in the opposite direction from
its starting position, all the time with the centroid of the sensors accupying the
same posifion in space,

While all relative probe and dipole orientations contribute to the probe’s
spherical isotropy response, only the subset of measurements made when the
probe is exactly end-on to the dipole, contributes to the calculation of axial
isotropy. The relative channel sensitivities can be adjusted either to give the
most uniform response to all inco ming directions and polarisations (spherical
isotropy) of just to boresight signals (axial isotropy). Unfortlinately, in
practice, the two isotropies are not mutually optimisable by the same relative
channel gains, so a choice must be made based or the usual mode of
operation. Thatis why Indexsar optimises for Axial Isotropy.

At each probe position/dipole polarisation pair, an Indexsar “Fast' amplifier
samples the probe channels 500 times per second for 0.4 5. The raw Uy
data from each sample are packed into 10 bytes amd transmitted back to the
PC controller via an optical cable. Uiqy, Usny and Ui are derived from the raw
U,y values and written to an Excel template.

Once a full set of data has been collected, the Air Factors are adjusted using
3 special Excel Solver routine to equalise the autput from eaach channel and
hence minimise the axial isotropy (see Figure 3). This automated appreach to
optimisation removes the effect of human bias. These optimised channel
sensitivity values can then be applied to the entire dataset as a check on the
resulting spherical isotropy, as shown in Figure 4.

4. Determination of Conversion ("Liquid”) 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 frequencies, and for either brain or body fluid-
gimulant.

The method by which the conversion factors are assessed is based on the
comparison betwee n measured and analytical rates of decay of SAR with
perpendicular distance from a dielectric window, This way, mot only can the
conversion factors for that frequency/fluid 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-sectional centre of

the lossy waveguide as a function of the longitudinal distance (z) from the
dielectric separator is given by Equation 4:
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ar-B)
BAR 7)) = et ~izif i
w pabd ¢ ()

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

5= [R.:H(x ray + jat, (o + jaxc,g,) H ()

where o is the conductivity of the tissue=simulant liquid in Sim, & is its relative
permittivity, and cw is the radial frequency {rad’s). Valuwes for o and & are
obtained prior to each waveguide test using an Indexsar Diline measUrament
kit, which uses the TEM method as recommended in [2). o 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 ocand
& 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 verticaltraveling signal above a
horizontal 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 ('b") 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.

During calibration, the probe tip is moved carefully towards the dielectric
window until the fiat face of the tip is just touching the exact centre of the face.
200 samples are then taken and written to an Excel template file before
moving the probe into the liquid away from the waveguide window. This cycle
ig re peated 150 times at each separation. The gpatial separation belween
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 Solver routine is run which optimises
the measured-theoretical fit by varying the conversion factor, and the

boundary correction size and range.
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By ensuring the waveguide cap is at least three penetration depths, reflections
are negligible. The power absorbed in the liguid is therefore determined
solely from the waveguide forward and reflected power,

Different waveguides are used for 700MHz, 835/900MHz, 1450MHz,
1800/1900MHz, 2100/2450/2600MHz and 5200/5800MHz measurements,
Table A.1 of [1] can be used for designing calibration waveguides with a
return loss greater than 20 dB at the most important frequencies used for
personal wirgless communications, and better than 15dB for frequencies
greater than 5GHz. Values for the penetration depth for these specific fidtures
and tissue-simulating mixtures are also listed in Table A_1.

According to [1], this calibration technigue provides excellent accuracy, with
standard umcertainty of less than 3.6% depending on the frequency and
medium. The calibration itzelf 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 mot severe in the
context of compliance testing.

For calibrations at 430MHz, 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 volume-averaged SAR
values agree with published targets,

CALIBRATION FACTORS MEASURED FOR PROBE S/N L0006

The probe was calibrated at 450, 835, 900, 1800, 1900, 2100, 2450 and 2800

iHz in liquid sa mples representing brain liquid at these frequencies.

The calibration was for CW signals onlly, 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 peoint 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 valug of 2.7 mm should be used for the tip to sensor offset
distance in the software. The distance of 2.7mm for assembled probes has
been confirmed by taking X-ray images of the probe tips (see Figure S).

It is important that the diode 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 diode output voltages to a SAR value,

CALIBRATION EQUIPMENT

The Table on page Error! Bookmark not defined. indicates the calibration
status of all test equipme nt used during probe calibration.
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MEAFUREMENT UNCERTAINTIES

A comiplgte measwemant uncertainty analysis for the SARA-C meassement systam has been published in Reference [3]. Tabde 17
from that documend is re-crealed below, and bsts ihe uncedainty factars associaled just with the calibration of probes.

Standard

Uncerainty | Probability wor

value + % distribation | Divisor - """";““' ult o
EF) N .00 1 EY7] -
] H .00 1 FI] =
1,908 N 1,00 1 (ET] a
1271 H 100 i 197 =
30 R 173 1 EE] -
¥ R i3 i "KE] =
02 R 1.73 1 KH =

RSS &30

At the 95% confidence level. therefore. the expandid uncertainty is 12.4%
SUMMARY OF CAL FACTORS FOR PROBE IXP-020 S/N L0006

Relative Channel Sensitivities
{to optimise Axial Isotropy)
} X Y K
Air Factors 72.81 90.02 T7.16 (Wim)*fmv
CW DCPs 100 100 100 m
Measured Isotropy | Probe orientation range (+/-) dB
at 900MHz relative to dipcle
Axial Isotropy 0" (end-on to dipole) 0.0
; +20° 0.17
+30° 0.28
Spherical Isotropy 160° 058
| +90° 0.63
SAR Conversion Factorsf Boundary Corrections
{Head Fluid)
Boundar Bounda
Fmt‘;‘:‘::';"" S‘E ggf“ Comecticn | Comection [(REIRE
f{o)y d(mm)
450 0.298 0.0 1.0 3
700 0.300 1.2 11 4
835 0.304 0.8 15 e
200 0.305 1.0 1.4 1
1800 0373 0.9 15 e
1900 0.382 0.5 23 1.2
2100 0.356 0.6 2.0 12
2450 0.423 0.9 1.5 1,2
2600 0.427 11 1.4 1.2
Notes
1) Calibrations done at 22°C +/-2°C
2} Waveguide calibration
3 By validation
| By extrapolation 2]
The valid frequency of SARA-C phabe calibrations are =100MHE (F=300M-z) and 2 200MHE (F>300MEHz).
Physical Information
Eensor offset (mm) 27
Elbow — Tip dimension (mm)l] 8455
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PROBE SFECIFICATIONS
Imdexsar probe LODOB, along with its calibration, is compared with BSEN
62209-1 and |IEEE standards recommendations (Refs [1] and [2]) in the
Tahles below. A listing of relevant specifications is contained in the tables
below:
Dimensions S L0006 | BSEMNT1] IEEE [2]
Vertical shaft (mm) 510
Horizontal shaft {mm) a0
Tip length (mm) 10
Body diameter {mm) 12
Tip diameter (mm) 5.2 i) 8
Distance from probe tip to dipole 27
centers (mm)
Dynamic range S/MW LOOOE | BSEN 1] IEEE [2]
Minimum (VWkg) 0.0 =002 0.
Maximum (W/kag) =100 =100 100
MLE. only measured to = 100 Wikg
on representative probes
Isotropy (measured at 900MHz) | S/M L0006 | BSEN [1] | IEEE [2]
Axial Frobe at 0° 0.0 0.5 0.25
Probe at +20° 017
. Probe at +30° 0.28
phegical Probe at +60° | _ 0.58 e Nift
| Probe at 90° 063
Construction Each probe contains three orthogo nal
dipole sensors arranged on a triangular
prisim core, prote cted against statie
charges by built-in shielding, and
covered at the tip by PEEK cylindrical
enclosure material, Outer case
materials are PEEK and heat-shrink
sleaving.

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

NOT recommended for use with glycol
or soluble oil-based liquids.
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REFEREMCES
References are either specific {identified by date of publication, edition
number, version numier, etc.) or non-specific,

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

[1] IEC 62209-1.
Hurman 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 Wireless
Communications Devices: Measurement Techniques

(3] IEC 62209-2

Human exposure to radio frequency fields from hand-held and body-
mounted wirgless cormmunication devices = Human models,
Instrumentation, and procedures - Part 2: Procedure to determine the
specific absorption rate (SAR) for wireless communication devices used
in clase proximity to the human body (frequency range of 30 MHz to &
GHz)

[4] FCC KDE 865664
[5] Indexsar Report [X5-0300, October 2007.
Measurement uncertainties for the SARAZ system assessed against the

recommendations of BS EN 62209-1:2006

[6] SARA-C SAR Testing System; Measurement Uncertainty, v1.0.3. October 2011,
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Figure 1 I'sotropy jig showing probe, dipole and box filled with simulated brain iquid (see Ref
2], Seclion A5.2.1)

Figure 2 Schemaidic showing the innovalive design of slof in the waveguide lermination
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Figure 4 Residual Suface Isclropy al S00 MHz after oplimisation for avial isctropy
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B35 - 900 MHz (WG4 ) Head liquid 835 MHz
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Figura 5 The measured SAR decay function
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1800 - 1900 (WGE) Head liquid 1800 MHz
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2000 - 2500 (W GB) Head liquid 2100 MHz

o 10 m
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2000 - 2500 (WEE) Head Bquid 2600 MHz

BAR (Wikg)

i a
2i{mm)

|| —— Amaytical —— Measurements |

Figurs 6. The measurad SAR decay lunchion aiong the canlraline of the R22
comearsian factors adusied o it fo the theorstical function for the parficular dimension,

fraquamey, power and [iguid prapartias ampleyed
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Spot B3AR as a functicn of Dipole Feed Pow er

Spot SAR [dBmikg)
88 &

L] & 10 1% 20 2% EL -
Dipole Feed Power (dBm)

Deviation frem Linearity {dB)

13

Daviation from Linear (dB)

015

Spot SAR (dBm/kg)

Figura 7- The lypical insarty response of Smm probas lo both CW (blus) and GSM (pink)
maduiation in closa prozimity o 5 solres dipols.  Tha fop disgram shows the SAR rasding a5
a furction of dipole feed power, with GSM modulation being approx a factor of of 8 (ie Sa8)
lower tharn CW. The jower diogram shows the daparture from ineanty of the same fwo

& ¥ ¥
S 1 |
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Figure 8 X-ray poskive Image of Smm probes
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Table indicating the dielectric parameters of the liquids used for calibrations at each frequency
T Meased e Deviation Werdict
i sl Relatve | Conductivity || Relathee | Gonductivity || Pelative Relative

Mz | Type Permittiity {S/m) Peamintivity (im) Permaitivity Conducthity Permittivity Conductivity
460 il 117 0 5 115 0T 1.5 L] Fans, o
=3 42114 (PR 415 0.50 1.5 ['X] Parss Pams
00 41,13 FET] 415 057 05 05 Fasi P
1800 Fead 38,719 1,428 400 1.40 L7 20 Parss Parss
To00 3 T4d 1306 400 140 0B 0.3 Paris. P
2100 40 541 1.453 398 149 .9 -1.8 Paris P
F ¥ 265 IBE 92 1.80 [ F] 0.8 [ P
2500 .75 14975 10 1.55 L7 0.8 Parms. Parms,

Table of test equipment calibration status

Last
Instrument description l:""""rlu:“ Modlel Seslal Mo, | calibmtin | Calcertficate | Ses m
date
Powet sernor wﬁ RSP 2R 100063 1A 1-M002BT 045 ; 1 140RRM S
|
Prower pergor m;i MRPZ33 100D e 1400- 48891 r 2 DEENE
{tsohie] -
DiLirsr 1 -:JwJo:pr
[ielecic progerty [sermcs ergths , Bgars HPL
measEEmeTt resezar 160mm, B0mm A vahurs uming hush et
and BEmm) referenoe:
gscis
Visctor network analyser R MSE4CIE RMAZ0G27002 3 17022018
SUA Boes i Aseesy WEEIKFH | 00M0Z | ZDONDOM5 | RMAZDOZITED 4 10812016
| |
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Calibration Certificate of NRP-Z23 power sensor, STV 100063
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Catipration Certficate of NRP-Z23 power sensar, SN 1007169
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IMMERSIBELE SAR PROBE

CALIBRATION REPORT
Part Number: IXP-020

S/N L0020

March 2015

Indexsar Limited
Dakfield House
Cudworth Lane
Newdigate
Surrey RH5 5BG
Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834

e-mail: enquiries@indexsar.com
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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: enquines@indexsar. com

Calibration Certificate 1503/L0020
Date of Issue: 31 March 2015

Immersible SAR Probe
|Tr|m IXP-020 |
|Illr|dl=h.nr. IndexSAR. UK |
| Serial Number: L0020 |
I Place of Calibration: IndexSAR, UK I
|Ih'h¢f Receipt of Probe: 10 February 2015 I
| calibration Dates: 13 - 20 March 2015 |
| Customer: TUV Sud |

IndexSAR Ltd hereby declares that the IXP-020 Probe named above has been
calibrated for conformity to the current versions of IEEE 1528, IEC 622091, IEC 62209-

2, and FCC SAR standards, or equivalent, 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: M Technical Manager
Approved by: k{“ ' Director
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INTRODUGTION

L-shaped probes are optimisad for use on the SARA-C SAR-measuring
system. They are not designed to work on SARAZ or any other robot-

positioning system, but can be positioned manually if software is available to
read out SAR measurement values,

This Report presents measured calibration data for a particular Indexsar SAR
probe (S/M LO020) only and describes the procedures used for
characterisation and calibration.

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations of IEC 62208-1 [Ref 1], IEEE 1528 [Ref 2], IEC
62209-2 [Ref 3] and FCC SAR [Ref 4] standards, or equivalent. The
pracedures incorporaie technigues for probe linearisation, isotropy
assessment and dete rmination of liquid factors (conversion factors).
Calibrations are determined by comparng probe readings with analytical
computations in canonical test geometries (waveguides) using normalised
povwer imputs,

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
aplimise 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 channel sensitivity factors are frequency
independent, these channel sensitivity facters 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 at that frequency.

2._Frobe output

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

Uip = Ugp + Uy, */DCP (1)

where Uy, is the linearised signal, Uy, is the raw output signal inmV and DCP
is the diode compression potential, also in mVy.
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DCP is determined from fitting equation (1) to measurements of Uy, versus
source feed power over the full dynamic range of the probe. The DCP isa
characteristic of the Schottky diode s used as the sensors. For the 1XP=020
probes with CW signals the DCP values are typically 100m\.

For this value of DCP, the typical linearity response of [XP-050 probes to C\W
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:
Eie’ (Vim) = Ui * Air Factor,* Lig Factor,
+ Uy, * Air Factor,® Liq Factor,
+ Uy * 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
tisswe-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
pointing directly towards the source of radiation. Consequently, 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).

The satup for measuring the probe’s axial isotropy is shown in Figure 1, and
thiz allows spherical izotro py 1o be measured af the same time. Moreover,
since isotropy is frequency-independent, measurements are normally made at
a frequency of S300MHz as lower frequencies are more tolerant of positional
inaccuracies.

A box phantom confaining S00MHz head fluid is iradiated 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 conmected to a signal generator and amplifier via a
directional coupler and power meter. The absolute power level is not
impertant as long as it is stable, with stakility 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 respect to the dipole, while keeping
the long shaft of the probe vertical and the probe sensors at precisely the
same position in space. Correctly 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 joinimg sensors to dipole perpendicular to the phantom wall (see
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Figure 1). In this position, the probe is said to be at a position angle of -20
degrees. During the scan, the probe is rotated from -90 to +90 degrees in 10
degree steps, and at each position angle, the dipole polarisation changes
from O to 360 degrees in 20 degree steps. The short shaft of the probe
thereby starts moving increasingly end-on to the dipole, and after passing
through perpendicularity, it carries on until facing in the opposite direction from
its starting position, all the time with the centroid of the sensors occupying the
same position in space.

While all relative probe and dipale orentations conltribute to the probe's
spherical isotropy response, only the subset of measurements made when the
probe is exactly end-on to the dipole, contributes to the calculation of axial
isotropy. The relative channel sensitivities can be adjusted either to give the
most uniform response to all incoming directions and polarisations (spherical
isotropy) or just to boresight signals (axial isotropy). Unfortunately, in
practice, the two isotropies are not mutually optimisable by the same relative
channel gains, so a choice must be made based or the usual mode of
operation. That is why Indexsar optimises for Axial Isotropy.

At each probe position/dipole polarisation pair, an Indexsar 'Fast' amplifier
samples the probe channels 500 times per second for 0.4 5. The raw Uy,
data from each sample are packed into 10 bytes and transmitted back to the
PC controller via an optical cable. U, Uiy and Uy are derived from the raw
Uge values and written to an Excel template.

Once a full set of data has been collected, the Air Factors. are adjusted using
a special Excel Solver routine to equalise the output from each channel and
hence minimise the axial isotropy (see Figure 3). This automated approach to
optimisation removes the effect of human bias. These optimised channel
sensitivity values can them be applied to the entire dataset as a check on the
resulting spherical isotropy, as shown im Figure 4.

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 conversion faclors are assessed is based on the
comparison between measured and analytical rates of decay of SAR with
perpendicular distance from a dielectric window. This way, not only can the
conversion factors for that frequency/fuid combination be determined, but an
allowance can also be made for the scale and range of boundary layer effects.

The theoretical relaticnship between the SAR at the cross-sectional centre of
the lossy waveguide as a function of the longitudinal distance (z) from the
dielectric separator is given by Equation 4:
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4“1‘ _R]e- 1ri

SAR(z) = )

(4)

Here, the density g is conventionally assumed to be 1000 Hgfmz. 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-mades
attenuation coefficient) is a property of the lossy liquid and is given by
Equation (5).

&= [RQ{J{E laY + jaw, (o + joe,s) }] | {5)

where gis the conductivity of the tissue-simulant liquid in S/m, & is its relative
permittivity, and w is the radial frequency (rad’s). Values for o 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 both
te mperature- 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 balow,

Dedicated wayeguides 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 verticaltravelling signal above a
horizontal 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 ("b") 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
verical waveguide window.

Dwring calibration, the probe tip is moved carefully towards the dielectric
window until the flat face of the tip is just touching the exact centre of the face.
200 samples are then taken and written to an Excel template file before
maving the probe into the liguid away from the waveguide window. This cycle
is repeated 130 times at each separation. The spatial 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.

Qnce the data collection is complete, a Selver routine is run which optimises
the measured-theoretical fit by varying the conversion factor, and the
boundary correction size and range.
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By ensuring the waveguide cap is at least three penetration de pths, reflections
are negligible. The power absorbed in the liquid is therefore determined
solely from the waveguide forward and reflected power,

Different waveguides are used for 700MHz, 835/900MHz, 1450MHz,

18001 900MHz, 2100/2450/2600MHz and 5200/5800MHz measurements.
Table 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
personal wireless communications, and better than 15dB for frequencies
greater than SGHz. Values for the penatration depth for these specific fixtures
and tissue-simulating mixtures are also listed in Table A1

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 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.

For calibrations at 430MHz, where wave guide calibrations become unfeasible,
a full 30 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 L0020

The probe was calibrated at 835, 900, 1800, 1900, 2100, and 2450 MHz in
liquid samples reprasanting brain liguid at these frequencies.

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 point for the calibration is in the cenfre of the probe's cross-
seclion 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 probes has
been confirmed by taking X-ray images of the probe tips (see Figure 9).

It is impartant that the disde compression point and air factars 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 Error! Bookmark nmot defined. indicates the calibration
status of all test equipment used during probe calibration.
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MEASUREMENT UNCERTAINTIES

# Somplete MEAsUrEMEnt UNcersinty analysis For the SARA .C measurement System has been published in Reference [3], Table 17
from that document is re-created below, and lisés the uncertainty faclors associated just with: the calibrabion of probes.

Standard

Uncertainty Probability v or

ol uncerainty o = % s bribut Divisaor g mﬁ:mruit Vo
Srveard prorvest 302 H To0 1 392 =
efleciod power 400 2] 1,00 1 408 -
ennauchvsy 1.308 N 1.00 1 L] -
porTTettty T2 N .00 i (i =
wld 30 [} 1.73 1 1.?2 -
b s Errrg [F7] L] 173 1 (RE] =
wid probe bnearity 0.2 R 1.73 i [KF] =

[Comibined standsrd umeatsinty RES

At the 55°% confidence level, therefore, the expanded uncerdainty i 12.4%
SUMMARY OF CAL FACTORS FOR PROBE IXP-020 S/MN L0020

Relative Channel Sensitivities
(to optimise Axial Isotropy)
X Y i

Air Factors 80.28 89.04 70.68 (VimyTmV
CW DCPs 100 100 100 mv

SAR Conversion Factors/ Boundary Corrections
(Head Fluid)
Bounda Bounda
Frequency' | SAR Conv | ot il | o rection | Notes
{MHZz) Factor £(0) d{mm)
450 0.272 - - 3
700 0.272 1.0 14 4
835 0.273 06 1.7 120
900 0.278 0.5 18 B
1200 0.339 08 18 12
1900 0.355 05 2.4 1.2 |
2100 0.363 0.8 1.6 1,2
2450 0.393 1.3 13 R
2600 0.416 1.6 1.2 1.2
Notes
1) Calibrations done at 22°C +/-2°C
2) Waveguide calibration
3) By validation
4) By extrapolation
Thee valid TeQUERCy OF SARA-L [roDe CHMNADONS. are £ IOOMAZ (F I0OMMZ) 8N £00MHZ (F>200MHZ)
Physical Information
Sensor offset (mm) 27
Ebow — Tip dimension {mmijl| 8411
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PROBE SPECIFICATIONS
Indexsar probe LO020, 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 S/ LOOZ0 BSEN [1] IEEE [2]
Vertical shaft (mm) 510
Horizontal shaft (mm) a0
Tip length {mmi) 10
Body diameter (mm) 12
Tip diameter (mm) 5.2 i 5
Dristance from probe tip to dipole 27
centers (mm)
Dynamic range SiM L0020 BSEM [1] IEEE [2]
Minimum (Wkag) 0.01 =0.02 ]
Maximum (Wikg) =100 =100 100
M.B. anly measured to = 100 Wikg
on representative probes
Isoiropy (measured at 900MHz) SiM LOODZ0 BSEM [1] IEEE [2]
Axial FProbe at 0° 0.0 0.5 0.25
Probe at +20° 016
. Probe at £+30° 0.26
Spherical Probe at 60° 058 M/ NiA
Probe at +90° 075
Construction Each probe contains three orthogonal
dipole sensars arranged an a triangular
prism core, protected against static
charges by built-in shielding, and
covered at the tip by PEEK cylindrical
enclosure material, Cuter case
materials are PEEK and heat-shrink
sleaving.

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

NOT recommended for use with glycol
or soluble cil-based liquids.
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References are either specific (identified by date of publication, edition
number, vergion number, ete.) or non-specific.

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

[1] IEC 82209-1.
Human éxposire to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models,
imstrumentation, and procedures — Part 1: Procedure to determine the
specific atsorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)
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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 frequency fizlds 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 commumication devices used
im close proximity to the human bedy (frequency range of 30 MHz to 6
GHz)

[4] FCC KDB 885864
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Measurement uncertainties for the SARAZ system assessed against the
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[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011.
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Figure 1 Isotropy jig showing probe. dipole and box filled with simelated brain Fquid (see Ref
[2]. Section A.5.2.7)

Figure 2 Schematic showing the innovalive design of siof in the waveguide lermination
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Figura 4 Resiciual Surface Isctropy at 500 MHz after optimisalion for axial isofropy

Document 75930192 Report 12 Issue 1
COMMERCIAL-IN-CONFIDENCE

Page A.36 of A.89



COMMERCIAL-IN-CONFIDENCE

B35 - 900 MHz (WG4 ) Head liquid 835 MHz

2 {mm)
[ Anaytcsl —— Measurements |

835 - 900 MHz (W54) Head Bquid 500 MHz
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Figure 5 The measured SAR decay funchon along the centreine of the WG

wavegLice
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1800 - 1900 (WiGH) Head Bquid 1800 MHz
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2000 - 2500 (WGE) Head liquid 2100 MHz
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&

2000 - 2500 (WG8) Head liquid 2450 MHz

SAR (Wikg)

SAR (Whkg)

z(mm)

[ Aoahial — Weasuremens |
Figure 6. The measured SAR decay function along the centreline of the R22 waveguide with
conversion factors adjusted to fit to the theoretical function for the particular dimension,
frequency, power and liquid properties employed.
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Figure 6. The measured SAR decay funclion along tha centreline of the R.22 waveguide with
comersion faclors adusted fo fit to the theoretical funchion for the padicular dimension,
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Spot SAR as afunciion of Bipcle Feed Pow er
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Figura 7 The Fypicad inearty response of Smm probes to both CW (biua) and GSM (pink)
maduiahon in close proximily o a souce dpola. The lop degram shows the SAR reading as
a function of dipole feed power, with GSM madiulation being approx a factor of of & (e S38)
Iower than CW. The lower diagram shows the daparture from knearly of the same hwo
datasels,
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Figuire & X-ray postive image of smm probes
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Calbration Certificate of NRP-Z23 power sensor, SN 100063
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Annex 2

Calibvation Cerlficate of NRP-Z23 power sensor, SN 100169
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Annex 3
Catibration cerfificale of Annfsu ME46238 VINA
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Annex 3
Ceabraiion cenificale of Anrifsu MI46238 VINA

Certificate of Calibration

Zinritsu

Devcrver Wha's Posadsie ™

Do302 VA, 10 MHZ S GHZ ACTIVE

Document 75930192 Report 12 Issue 1

COMMERCIAL-IN-CONFIDENCE

oo recnired bafors calibraticn (yee )
Elsctrical {yes |
Lasser safety class [ |
Paseerinid Signabune
MusTay
Head of T Services (EMER]
[P SN T, W LR I e Pk 2o T B A Ris ENEA Lemiteed
S P PR Dy | T e
Aot EMEER, Linitied. Byt i cwetfenst 2o [SO0O01 2000 Can. M. FIOA 038317
Thes Cortdaste comes st
Camficate of Calbranon
o= Pragtin) e e

Page A.48 of A.89



COMMERCIAL-IN-CONFIDENCE

Annex 4

Calbration cerlificate of Anrlsu 26581 KKFA auto-cal kit

HOERIAR TR LUTOM LuT Ly

L TE D BORC0
MR FELD HOLSE T+ [00) © BT 4 XIGRRS.
RITWORGATE, Far-edd (0] ¥ B2 4522 TS
BURREY RS B0 Ermd wervem mofes st oo
LRATED )eham D0k
Darte of ls sus: Frisd il gk Cortificate N*: RMAZOGBEGAR |
Customen: INDEXSAR LTD Order Mo: 1045ANER

Manutscturer:  Anritsu Company

WP

|
M546238 o0z WHA, 10 MHZ-6 GHEZ ACTIVE |
IG58-1KKFIE ooi902 TESTED & CHARACTERLIED TD 6§ GHZ

stated speciications at the measured paramaters, and has been calibrated to the genaral
requiremenis of 150 17025 against instruments whose accuracies ane iraceable 1o National or
International Standands, where such standands ane applicable.

I
|
Anvitsu EMEA Limited does hereby corlty the above listed equipment complies to published or |
)

Within specification tefone cakbeation [yes }
Fopair required belore calibration [na }
Ehecirical Safely [yes }
Laser satety cass [ ]
Misrray C Ll |
Hiad of Sorvices [EMEA) |
|
|

Pl gl CORD T Ml B ATNed dnd Sopete M o e Bt ASvia ENEA Limeled
Theee Si1achesd FBSLE S0 0OV 30 el FATUTN L0 CARDIMION . . |
w;mwmw-wmm1mmm FiOA DXENTE) {
Thes -Canilate

Ty of Tabbration

sl Rt

TN Prage(n) of taat resifs

Document 75930192 Report 12 Issue 1 Page A.49 of A.89

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

S05" 5

IMMERSIBLE SAR PROBE
CALIBRATION REPORT

Part Number: IXP - 050

S/N 0204

March 2015

Indexsar Limited
Oakfield House
Cudworth Lane

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

e-mail. enguiries@indexsar.com

Reproduction of this report is authorzed by Indexsar Lid provided the report i reprodiuced in its entinety
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Indexsar Limited

Oakfield House

Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel: +44 () 1306 632 870

Fax: +44 (0) 1306 631 834
e-mail: enguiriesi@indexsar.com

Calibration Certificate 1503/0204
Date of Issue: 31 March 2015
Immersible SAR Probe

I‘!‘ﬂu: IXP-050: I

|ll|mlnu.|ur. IndexSAR, LK |

|Blrlﬂll|.lnhll: 0204 |

Place of Calibration: IndexSAR, UK
I |

| Date of Racaipt of Probe: 10 February 2015 |

| Calibration Dates: 25 February— 13 March 2015 |

|I:u|m TUV Sud |

IndexSAR Ltd hereby declares that the IXP-050 Probe named abowe has been
calibrated for conformity to the current versions of IEEE 1528, IEC 62209-1, |IEC 62209
2, and FCC SAR 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: M Engineer

#pproved by: xi{‘ '! ; Director

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

Straight probes work on either SARA-C (to 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 ina SAM phantom
containing Head fiuid).

This Report presents measured calibration data for a particular Indexsar SAR:
probe (S/M 0204) for use on SARA-C only. The calibration factors do not

apply to, and will not give correct readings on, the IndexSAR SARA2Z
system,

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

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

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

2) Channel sensitivity factors are largely freque ncy independent.
Consequently, they can be combined to model the exponential
decay of SAR in a waveguide fluid cell at each frequency of interest,
and hence derive the liquid conversion factors at that frequency.

2. Probe outpiit

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

Uin = Usp #+ Uy 2 /DCP (1)

where Uy, is the linearised signal, Uay is the raw output signal in mY and DCP
is the diode compressien potential, also in mV.,

DCP is determined from fitting equation (1) to measure ments of Ui, versus
source feed power over the full dynamic range of the probe, The DCPis a

characteristic of the Schottky dindes used as the sensars. Forthe IXP-020
probes with CW signals the DCP values are typically 100mV.
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For this value of DCP, the typical linearity response of IXP-050 probes to CW
and to GSM medulatien is shown in Figure 4, along with departures of this
same dataset from linearity.

In turn, measurements of E-field are determined wsing the following equation:
Er..f Wim) = Wiiny * Alr Factor,” Lig Factor,

+ Uy, © Air Factor,” Lig Factor,
+ Uz * Air Factor,” Lig Factor; {3

Here, “Ailr 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,

Within SARA-C, an L-probe's predominant mode of operation is with the tip
peinting directly towards the source of radiation. Consequently, 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
polarnsation angle, of the imcoming radiation must be taken into account).

The setup for measuring the probe's axial isotropy is shown in Figure 1.

Since isotropy is frequency-independent, measurements are normally made at
a frequency of 300MHz as lower frequencies are more tolerant of positional
inaccuracies.

A 900MHz 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
with S00MHz brain fluid to within 10 mm of the openend.  The depth of liquid
ensures there is negligible radiation from the waveguide open top and that the
protee calibration is not influenced by reflections frem nearby ohjects.

During the measurement, a TE.. made is launched inte the waveguide by
means of an M-type-to-wawveguide adapter. The probe is then lowe red
vertically 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 boundary corrections are not
NECES5ary.

Care miist also be taken that the prabe tip is centred while rotating.
The exact power applied to the input of the waveguide during this stage of the
probee calibration is immaterial 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,
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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, data from
each sample are packed into 10 bytes and transmitted back to the PC
contralier via an optical cable. Usaw, Winy @nd Wy are derived from the raw
U values and written to an Excel template.

Oince 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
channel and hence minimise the axial isotropy. This automated approach to
optimisation removes the effect of human bias.

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

rotation angle.

4. Determination of Conversion (*Liquid") 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 frequencies, and for either brain or body fluid-
simulant.

The methad by which the conversion factors are assessed 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/fuid 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-sectional centre of
the lossy waveguide as a function of the longitudinal distance (z) from the
dielectric separator is given by Equation 4:

4P -F)

S.-H?{:}=W

e 1ziF [4]

Here, the density o is conventionally assumed to be 1000 kglfm?'. ab is the
cross-sectional area of the waveguide, and Frand 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) 15 a property of the lossy iquid and is given by
Equation (S).

5= [ﬁ c{J{z ‘) + o, (0+ joe.g, }” (5)

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 o and £ are
obtained prior to each waveguide test using an Indexsar DiLine measure ment
kit, which uses the TEM method as recommended in [2]. & and & are both
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temperature- and fluid-clependent, 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 laboratary 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 liguid 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 reflected power.

Different waveguides are used for TOOMHz, 835/200MHz, 1450MHz,
1800/1900MHz, 2100/2450/2600MHz and S5200/5800MHz measurements.
Table 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
personal wireless communications, and better than 15dE for frequencies
greater than 5GHz. Values for the penetration depth for these specific fistures
and tissue=simulating mixtures are also listed in Table A1,

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 measurements traceable
o a standard calibration procedure. The practical limitation to the frequency
band of 800 to S800 MHz because of the waveguide size is not severe in the
context of compliance tegting.

During calibration, the probe is lowered carefully until it is just touching the
cross-sectional centre of the dielectric window. 240 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 between
readings is determined from practical considerations of the expected SAR
decay rate, and range from 0.35mm steps below 3GHz, down to 0.05mm at
SGHz.

Qnee the data collection is complete, @ Solver routine is run which optimises
the measured-theoretical fit by varying 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 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 0204

The probe was calibrated at 700, 835, 900, 1800, 1800, 2100, 2450 and 2600
MHz in liguid samples representing brain and body liquid at these frequencies.
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