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1. SUMMARY OF SARTEST REPORT
1.1 Test Details

Device under Test (DUT):
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Product: Sevenhugs Smart Remote

Manufacturer: 7HUGS LABS

Serial Number: 908E614AB4FE620139, CO7C604AB4FE6201309,
D07C604AB4FE620139

FCC ID Number: 2AEVC-SR1A

IC ID Number: 20292-SR1A

Model: SR1A

DUT Number: 22901, 22899, 22900

Battery Type used in testing:

Integrated battery

Portable/ Mobile device

Portable

State of the Sample

Production sample

Testing information:

Testing Performed:

6.6.2018

Notes:

Document ID:

FCC SAR report_Sevenhugs_ID2850_ 140618 .docx

Temperature °C

22+2 / Controlled

Humidity RH%

20+20 / Controlled

Measurement performed by:

Kirsi Kyllénen

1.2 Maximum Results

1.2.1 Standalone SAR

The maximum reported* SAR value for Body-worn configuration with 5 mm separation distance for
transmitting systems are shown in a table below. The device conforms to the requirements of the standards

when the maximum reported SAR value is less than or equal to the limit. The SAR limit specified in FCC 47

CFR part 2 (2.1093) and RSS-102 for Body is SAR1g 1.6 W/kg.

. Highest Reported*
Modes of Equipment .
i SAR14(W/kg) in Body-Worn Result
Operation Class . .
Condition, 5mm separation
2.4 GHz WLAN DTS 0.46 PASS
BT/BLE DTS 0.07 PASS

* Reported SAR Values are scaled to maximum theoretical output power.
1.2.2 Power density

The device conforms the radiofrequency radiation exposure limits when the calculated power
density value is less than or equal to the limit.
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. FCC Power Density
Modes of Power Density, S L.
) Limit Result
Operation [mMW/cm2]
[mW/cm?]
IEEE802.15.4 UWB
positioning 6489 MHz 0.0004 1.0 Pass
6489 MHz
. ISED Power Density
Modes of Power Density, S L.
) Limit Result
Operation [mW/m?]
[W/m?]
IEEE802.15.4 UWB
positioning 6489 MHz 0.0044 10 Pass
6489 MHz
1.2.1 Simultaneous Transmission
Highest Simultaneous Transmission Highest Reported
SAR SAR14(W/kg) in Body-Worn Result
Condition, 5mm separation
2.4 GHz WLAN +
F!uetzooth + 0.47 PASS
UWB positioning at 3494 MHz
Simultaneous Transmission
Evaluation, UWB positioning at Highest SUM Result
6489 MHz
(2.4 GHz WLAN SAR/ SAR requirement)
+
(Bluetooth SAR/ SAR requirement)
+ 0.29 PASS
(UWB positioning 6489 MHz Power
density/ Power density requirement)

1.2.3 Maximum Drift

1.2.4 Measurement Uncertainty

Maximum Drift During Measurements 0.89 dB*
*Drifts >5% have been considered in the scaling factor
| Expanded Uncertainty (k=2) 95 % 23.4%
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2. DESCRIPTION OF THE DEVICE UNDER TEST (DUT)
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Device under testing is an smart remote controller. It can be used as hand-held device or held close to body.

Device Category Portable

Exposure Environment Uncontrolled

2.1 Supported Frequency Bands and Operational Modes

Modes of TransmltFEZLF‘raequency
Operation MH%
TX Frequency bands ( )
2.4 GHz WLAN 2412-2472
BT/BLE 2402-2480
IEEE802.15.4-2011 UWB positioning 3494, 6489

All transmitter can operate simultaneously.

2.2 SAR test Exclusions

Due to the size and form factor of the DUT it can be body-worn or hand-held similarly to a mobile phone.
Thus, based on footnote 26 in KDB447798, extremity SAR was not fully tested. Worst case verifications
were made at 0 mm separation to verify extremity compliance.

2.2.1 |EEE802.15.4 UWB positioning

Standalone SAR test exclusion consideration for UWB transmitter at 3494 MHz frequency has been made
to according to RSS-102, table 1 and KDB 447498 D01 General RF Exposure Guidance v06, section 4.3.1,
for test separation distances <=50mm.

The maximum power of the transmitter is 0.1259 mW which is < 2mW i.e. below RSS-102 power exemption
limit.

FCC SAR test exclusion was defined according to equation

[(max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)] - [Vf(GHz)]
< 3.0, for separation distances <=50mm)

. " Max .
Frequency Max power (including Power An.tenna to edge Result (4.3.1 a) SAR test required
[GHZz] tune-up tolerance) distance [mm] (<=3.0)
[mW]
3.494 -9 0.1259 5 0.05 NO
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Standalone SAR estimation for the UWB transmitter at 3494 MHz is needed for simultaneous transmission
evaluation of the DUT according to KDB 447498 D01 General RF Exposure Guidance v06, section 4.3.2.

It was defined according to equation:

[(max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)]-[\f(GHz)/x]
W/kg, for test separation distances < 50 mm; where x = 7.5 for 1-g SAR and x = 18.75 for 10-g SAR

Frequency [GHz] Max power (including P':)n:l)c:r Antenna to edge Estimated SAR
9 y tune-up tolerance) [mW] distance [mm] Result (4.3.2 b))
3.494 -9 0.1259 5 0.006

According to 47CFR §2.1093 Portable devices that transmit at frequencies above 6 GHz are to be evaluated
in terms of the MPE limits specified in § 1.1310. Measurements and calculations to demonstrate compliance

with MPE field strength or power density limits for devices operating above 6 GHz should be made at a
minimum distance of 5 cm from the radiating source.

Power Density is calculated by equation:

PG
~ 4-m-R?

Where,

S = Power Density

P = Power Input to Antenna
G = Gain of Antenna

R = Distance from transmitting Antenna

Maximum power .
Modes of Frequency Distance, R input to Power Input to Power Gain of Pow[fnrvla/e::r::;;y, S
Operation [MHz] [cm] Antenna, P Antenna, P [mW] Antenna, G [dBi]
[dBm]
IEEE802.15.
4 6489 5 -9 0.126 0.44 0.00044
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3. OUTPUT POWER
3.1 Maximum Output Power

From a Customer;
WLAN: Maximum defined output power, including tolerance of +1.5 dBm.

Output power [dBm]
Standard Transmission mode Modulation Data rate [MBPS]
CH1 CH6 CH11
802.11b DSSS BPSK 1 10.5 10.5 10.5
802.11b DSSS BPSK 2 12.5 12.5 12.5
802.11b DSSS BPSK 5.5 15.5 15.5 155
802.11b DSSS BPSK 11 155 15.5 15.5

Maximum tuning power defined for 802.11g/n mode is 14 dBm +1.5 dBm thus 802.11b is selected for SAR
testing.
Bluetooth: Maximum defined output power.

Output power [dBm]
Standard
2402 MHz 2441 MHz 2480 MHz
Bluetooth 8.0 8.0 8.0
UWB, Maximum defined output power
Transmission mode O [Fanier
[dBm]
IEEE802.15.4 -9
3.2 Tested conducted power
Conducted output power;
WLAN:
Output power [dBm]
Sramderd Transmission mode Moauation Data rate [MBPS]
CH1 CH6 CH11
802.11b DSSS BPSK 5.5 13.25 12.66 11.95
Bluetooth:
Output power [dBm]
Standard
2402 MHz 2441 MHz | 2480 MHz
Bluetooth 4.92 6.93 8.0
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4. TEST EQUIPMENT
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Dasy52 near field scanning systems, manufactured by SPEAG were used for SAR testing. The test system
consists of high precision robotics system (Staubli), robot controller, computer, near-field probe, probe
alignment sensor, and a phantom containing the tissue equivalent material. The robot is a six-axis industrial
robot performing precise movements to position the probe to the location of maximum electromagnetic

field.

Muas waman] Sarar 5 DASYS

robot controlies

Shielded Room

Figure 1 Schematic Laboratory Picture

4.1 Test Equipment List

Main used test system components are listed below.

contact the testing laboratory.

For full equipment list and calibration intervals, please

Test Equipment Model Serial Number Calibration Date
DAE DAE4 756 03.2018
Probe EX3DV4 7447 03.2018
Dipole D2450V2 729 07.2017
DASY5 Software 52.8.8.1258 - NA
Signal Generator SMIQ06B 835136042 NA
Amplifier AR 320421 NA
Power meter NRP-Z81 100218 12.2017

4.1.1 Isotropic E-field Probe Type EX3DV4

Construction

Symmetrical design with triangular core
Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g., DGBE)

Calibration

Calibration certificate in Appendix D

Document ID:FCC SAR report_Sevenhugs_ID2850_ 140618 .docx
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Frequency 10 MHz to >6 GHz (dosimetry); Linearity: + 0.2 dB (30 MHz to 6 GHz)

Directivity + 0.3 dBin HSL (rotation around probe axis)
+ 0.5 dB in tissue material (rotation normal to probe axis)

10 pW/g to > 100 mW/g, Linearity: + 0.2 dB

Dynamic Range

Overall length: 330 mm

Tip length: 10 mm

Dimensions Body diameter: 12 mm

Tip diameter: 2.5 mm

Distance from probe tip to dipole centers: 1.0 mm

General dosimetry up to 6 GHz
Compliance tests of mobile phones
Fast automatic scanning in arbitrary phantoms

Application

4.2 Phantoms
Modular Flat Phantom (MFP)

The Triple Modular Phantom consists of three identical modules that can be installed and
removed separately without emptying the liquid. It is used for compliance testing of small
wireless devices in body-worn configurations.

4.3 Tissue Simulants

Recommended values for the dielectric parameters of the tissue simulants are given in IEEE
1528 and FCC published RF Exposure KDB Procedures. The dielectric parameters of the used
tissue simulants were within £10% of the recommended values in all frequencies used. A
liquid compensation algorithm was used in DASY5 with which measured peak average SAR
values were corrected for the deviation of used liquid. Depth of the tissue simulant was at
least 15.0 cm from the inner surface of the flat phantom.

Body 600-6000 MHz tissue simulant
liquid Ingredients

Deionized Water, tween, salt

Document ID:FCC SAR report_Sevenhugs_ID2850_ 140618 .docx



Verkotan =

4.4 System Validation Status
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e Dielectric Conductivit Validation Done
Frequency Test Dipole Type / | Probe Type/ | Calibrated Unit / Constant [¢] t[,; /mu;: I;‘: dy °
[MHz] System SN SN Signal Type . Body tissue " . Iy t Body tissue
simulant issue simulan simulant
D2450V2- EX3DV4 - SN: DAE 4 /
2450 SAR 2 SN729 7447 cw 756 529 1.89 04.2018
4.5 System Check
. . Measured | 1 W Target 1w L.
Date | Tomwe | Teme | Fequency | Iput | Uopp, | sar,, | Nommalized | DHEon |,
P P [W/kg] [W/kg] SARy o)
[W/kg]
6.6.2018 M600-6000 22+2 2450 250mwW 12.2 53.7 48.8 9.1 1
4.5.1 Tissue Simulant Verification
Target Measured
Tissue Tissue Frequency Conductivity, o Dielectric Conductivity Dielectric Deviation ¢ Deviatio
Date Temp. Constant Constant
Type o [MHz] [S/m] o [S/m] (%) n
[°C] [€] [€]
€ (%)
6.6.2018 M600- 22 2450 1.95 52.7 1.98 50.4 17 -4.4
6000 2412 191 52.8 195 50.4 20 -4.4
2480 1.99 52.7 2.0 50.4 0.6 -4.4
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5. TEST PROCEDURE

The DUT was set to transmit continuously at a maximum power level using a manufacturer
specified software.

5.1.1 Body-worn Configuration, 5 mm separation distance

The DUT was placed below the flat phantom using a SPEAG device holder. The DUT was lifted
towards the phantom until 5mm separation distance was reached.

Photos of the test positions are presented in appendix A.

5.2 Scan Procedures

First, area scans were used for determination of the field distribution. Next, a zoom scan with
7x7x7 points covering a volume of 30x30x30mm was performed around the highest E-field
value to determine the averaged SAR value. Power drift was determined by measuring the
same point at the start of the area scan and again at the end of the zoom scan.

5.3 SAR Averaging Methods

The maximum SAR value is averaged over a cube of tissue using interpolation and
extrapolation.

Extrapolation routines are used to obtain SAR values between the lowest measurement points
and the inner phantom surface. The extrapolation distance is determined by the surface
detection distance and the probe sensor offset. Several measurements at different distances
are necessary for the extrapolation.

The interpolation, extrapolation and maximum search routines within Dasy47 are all based on
the modified Quadratic Shepard’s method (Robert J. Renka,” Multivariate Interpolation of
Large Sets of Scattered Data”, University of North Texas ACM Transactions on Mathematical
Software, vol. 14, no. 2, June 1988, pp. 139-148).

Document ID:FCC SAR report_Sevenhugs_ID2850_ 140618 .docx
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6. MEASUREMENT UNCERTAINTY

Finnish Accreditation Service
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Uncertainty Budget
IEEE 1528-2013

Uncert. | Prob. | Div. | (¢;) | (¢) | Std. Unc.| Std. Unc. | (vy)
Error Description value Dist. lg | 10g | (19) (10q) Veff
Measurement System
Probe Calibration +60% | N 1 1 1 +6.0 % +6.0 % 00
Axial Isotropy +47% | R 07 107 | +19% +19% 0
Hemispherical Isotropy +96% | R 173 07 |07 +39% +39% oo
Boundary Effects +10% | R 173 |1 1 +0.6 % +0.6 % )
Linearity +47% (R 173 |1 1 +27 % +27% ©
System Detection Limits +10% | R 1.73 1 1 +0.6 % +0.6 % o0
Modulation Response™ +24% | R 173 |1 1 +1.4 % +14 % )
Readout Electronics +03% | N 1 1 1 +0.3% +0.3% 00
Response Time +08% (R 173 |1 1 +0.5 % +0.5 % oo
Integration Time +26% | R 173 |1 1 +1.5% +15% )
RF Ambient Noise +30% | R 1.73 1 1 +17% 1.7 % )
RF Ambient Reflections +30% | R 173 1 1 +17% +1.7 % oo
Probe Positioner +04% | R 173 1 1 +0.2 % +0.2 % )
Probe Positioning +29% | R 173 1 1 +17 % +1.7% )
Max. SAR Eval. +20% | R 1.73 1 1 +1.2% +1.2% co
Test Sample Related
Device Positioning +29% | N 1 1 1 +2.9% +2.9% 145
Device Holder +36% | N 1 1 1 +3.6 % +3.6% 5
Power Drift +50% | R 173 |1 1 +29% +29%
Power Scaling +6% R 173 |1 1 +3.5% +3.5%
Phantom and Setup
Phantom Uncertainty +61% | R 173 1 1 +35% +35% oo
SAR correction +19% | R 173 1 084 | +11% +0.9 % oo
Liquid Conductivity (mea.) +25% | R 173 078 | 071 | +11% +1.0% ©
Liquid Permittivity (mea.) +25% | R 173 026 | 0.26 | +03% +0.4 % o
Temp. unc. - Conductivity +34% | R 173 078 | 0.71 | +15% +14% o0
Temp. unc. - Permittivity +04% | R 173 023|026 | +01% +0.1% ©
Combined Std. Uncertainty +117 % +116% | 361
Expanded STD Uncertainty +23.4% | +23.3%
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7. TEST RESULTS
7.1 Body-Worn Configuration 2.4GHz WLAN, 5 mm separation distance
Band | chammel | T | “oower | Power | Dt | Cyc | SaRy | Scaime | G |plote
[dBm] [dBm] [dB] [mW/g] [mW/g]
802.11b 1 Left side 15.5 13.25 -0.22* 1 0.26 177 0.46 2
802.11b 1 Right side 155 13.25 -0.11 1 0.0723 1.68 0.12
802.11b 1 Top side 15.5 13.25 0.2 1 0.0309 1.68 0.05
802.11b 1 Bottom side 155 13.25 -0.2 1 0.0124 1.68 0.02
802.11b 1 Front 155 13.25 -0.03 1 0.132 1.68 0.22
802.11b 1 Back 15.5 13.25 0.08 1 0.179 1.68 0.30
*Drift considered in the scaling factor
**Picture of the test position is presented in appendix A.
7.2 Body-Worn Configuration Bluetooth, 5 mm separation distance
sund | chamet| | Tet | Mosmin | ottt | Fouer | outy | MOt Scang | REOS ot
[dBm] [dBm] [dB] [mW/g] [mW/g]
245 78 Left side 8 8.0 -0.54* 1 0.0009 113 0.001
245 78 Right side 8 8.0 0.17 1 0.06 1.00 0.060
245 78 Top side 8 8.0 NA*** 1 0.0019 1.00 0.002
2.45 78 Bottom side 8 8.0 NA*** 1 0.00034 1.00 0.0003
2.45 78 Front 8 8.0 0.32* 1 0.035 1.08 0.038
245 78 Back 8 8.0 0.89* 1 0.058 1.23 0.072 3

*Drift considered in the scaling factor
**The picture of the test position is presented in appendix A.

*** Due to low e-field generated by DUT at the location of drift measurement, the measurements are not applicable.
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7.3 Limb Configuration checks, 0 mm separation distance
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Test Maximun Conducted Pov.ver Dudy | Measured Scaling Reported Plot #
Band Channel Position** Power Power Drift Cycle SAR10¢ Factor SAR10¢
[dBm] [dBm] [dB] [mW/g] [mW/g]
WLAN 2.4 1 Left side 15.5 13.25 -0.11 1 0.328 1.68 0.55
BT 2.45 78 Back side 8 8.0 0.49 1 0.0768 112 0.086
7.4 Simultaneous transmission evaluation
Exposure Condition Body SAR:; [MW/g]
Test Position Left Right Top Bottom Front Back
WLAN 2.4 GHZ 0.46 0.12 0.05 0.02 0.22 0.3
Bluetooth 2.45 GHZ 0.001 0.060 0.002 0.0003 0.038 0.072
UWB positioning 3.5 GHz 0.006 0.006 0.006 0.006 0.006 0.006
SAR Summation 0.47 0.19 0.06 0.03 0.26 0.38
Exposure Condition Body SAR:1; [MW/g] or Power density / requirement
Test Position Left Right Top Bottom Front Back
WLAN 2.4GHZ 0.2875 0.0750 0.0313 0.0125 0.1375 0.1875
Bluetooth 2.45GHZ 0.001 0.060 0.002 0.0003 0.038 0.072
UWB positioning 6.4G 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004
Summation 0.29 0.14 0.03 0.01 0.18 0.26
Simultaneous exposure evaluation SUM<1 SUM<1 SUM<1 SUM<1 SUM<1 SUM<1
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APPENDIX A: PHOTOS OF THE DUT

Size of the DUT is: 135 x 40 x 10 mm

Bottom
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Back of the DUT toward the phantom.

Front of the DUT toward the phantom.

Right side of the DUT toward the phantom.
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Left side of the DUT toward the phantom.
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Bottom side of the DUT toward the phantom.
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APPENDIX B: SYSTEM CHECK SCAN

Test Laboratory: Verkotan Oy

DUT: Dipole 2450 MHz D2450V2; Type: D2450V2; Serial: D2450V2 - SN:729

W
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Plot 1

Date/Time: 6.6.2018 9:29:26

Communication System: UID 0, CW (0); Communication System Band: D2450 (2450.0 MHz); Frequency: 2450 MHz;Communication

System PAR: 0 dB; PMF: 1

Medium parameters used: f = 2450 MHz; ¢ = 1.983 S/m; & = 50.391; p = 1000 kg/m?
Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

Probe: EX3DV4 - SN7447; ConvF(7.68, 7.68, 7.68); Calibrated: 20.3.2018;
Sensor-Surface: 2mm (Mechanical Surface Detection), z = 31.0

Electronics: DAE4 Sn756; Calibrated: 8.3.2018

Phantom: SAR2_Phantom 1_triple flat; Type: QD 000 P51 Cx; Serial: 03_May_2017
DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)

Pin=250 mW/Zoom Scan (7x9x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 88.44 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 24.8 W/kg

SAR(1 g) = 12.2 W/kg; SAR(10 g) = 5.72 W/kg (SAR corrected for target medium)
Maximum value of SAR (measured) = 18.8 W/kg

Pin=250 mW/Area Scan (61x61x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 20.1 W/kg

Wikg
— 18.800

— 15b.055

11.31

7.566

3.821

0.076
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APPENDIX C: MEASUREMENT SCAN

Plot 2

Date/Time: 6.6.2018 11:22:27

Test Laboratory: Verkotan Oy

DUT: 7Hugs

Communication System: UID 0, WLAN 2.4 (0); Communication System Band: WLAN2.4GHz; Frequency: 2412 MHz;Communication System
PAR: 0 dB; PMF: 1

Medium parameters used (interpolated): f = 2412 MHz, ¢ = 1.951 S/m; & = 50.445; p = 1000 kg/m?
Phantom section: Center Section Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

Probe: EX3DV4 - SN7447; ConvF(7.68, 7.68, 7.68); Calibrated: 20.3.2018;
Sensor-Surface: 2mm (Mechanical Surface Detection), z = -4.0, 31.0

Electronics: DAE4 Sn756; Calibrated: 8.3.2018

Phantom: SAR2_Phantom 1_triple flat; Type: QD 000 P51 Cx; Serial: 03_May_2017
DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)

Configuration/DUT 3 Left side/Area Scan (131x41x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.392 W/kg

Configuration/DUT 3 Left side/Zoom Scan 2 (5x5x7)/Cube 0: Measurement grid: dx=7.5mm, dy=7.5mm, dz=5mm
Reference Value = 9.672 V/m; Power Drift = -0.22 dB Peak SAR (extrapolated) = 0.591 W/kg

SAR(1 g) = 0.260 W/kg; SAR(10 g) = 0.106 W/kg (SAR corrected for target medium)

Maximum value of SAR (measured) = 0.450 W/kg

Wikg
0.392
0.314
0.235

0.157

0.078

Plot 3
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Date/Time: 6.6.2018 13:43:18

e
AV R
//”I|||u\\‘\\

oy

i

Test Laboratory: Verkotan Oy
DUT: 7Hugs

Communication System: UID 0O, Bluetooth (0); Communication System Band: Bluetooth; Frequency: 2480 MHz;Communication System
PAR: 0 dB; PMF: 1

Medium parameters used: f = 2480 MHz; ¢ = 2.005 S/m; & = 50.358; p = 1000 kg/m?

Phantom section: Center Section

DASY Configuration:

Probe: EX3DV4 - SN7447; ConvF(7.68, 7.68, 7.68); Calibrated: 20.3.2018;

Sensor-Surface: 2mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 2mm (Mechanical
Surface Detection), z = -4.0, 31.0

Electronics: DAE4 Sn756; Calibrated: 8.3.2018

Phantom: SAR2_Phantom 1_triple flat; Type: QD 000 P51 Cx; Serial: 03_May_2017

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)

Configuration 2/DUT 2 Back side 2 2/Zoom Scan 2 (6x6x7)/Cube 0: Measurement grid: dx=7.5mm, dy=7.5mm, dz=5mm
Reference Value = 1.835 V/m; Power Drift = 0.89 dB

Peak SAR (extrapolated) = 0.129 W/kg

SAR(1 g) = 0.058 W/kg; SAR(10 g) = 0.025 W/kg (SAR corrected for target medium)

Maximum value of SAR (measured) = 0.0931 W/kg

Wikg
— 0.093

— 0.074

0.056

0.037

0.019
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Calibration Laboratory of ﬁw S Schwsizerischer Kallbrerdh

Schmid & Partner & C Sorvics suisse d'étalonnage
Engineering AG % Sarvizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland "5@;? 3 Swiss Calibration Service

Accredied by the Swiss Accredastion Service (SAS)
The Swiss Accreditation Service is one of the signatoriec to the EA
Muitilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Otjact

Calibration procedue(s)

Calibration date:

This calibration certfi d the t bility to nath dands, which reakze the physical units of measurements (S1).
The and the with canfi probability are given an the following pages and ars part of the cetlificate.
All catity heve been

ducted in the closed laboratary facility. eavirenment temperature (22 = 3)°C and humidity < 70%

Calibeaticn Equipment used (M&TE critical for calibration)

o
FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

APPENDIX D: RELEVANT PAGES FROM PROBE CALIBRATION REPORTS

Primary Standards 1D Ca! Date (Certificate No.) Schedulad Calibration
Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-281 SN: 103244 O4-Apr-17 (No. 217-02521) Apr-18

Power senser NRP-Z31 SN: 103245 04-Apr-17 (No_217-02525) Apr-18

Reference 20 o8 Attanusator SN: §5277 (20x) 07-Apr-17 (No. 217-02528) Apr-18

Reference Probe ES30DV2 SN: 3013 30-Dec-17 (No. ES3-3013_Dec17) Dec-18

DAE4 SN: 660 21-Dec-17 (No. DAE4-660_Dec17) Dec-18

Seconcary Standards 10 Chack Date {in house) Scheduled Check
Power meter £44198 SN: GB41293674 08-Apr-16 (in houss check Jun-15) In house check: Jun-18
Power sensor E44124 SN: MY41458087 06-Apr-16 (n house chack Jun-18) In house check: Jun-18
Power sensor E4412A SN: 000110210 08-Apr-16 (in house check Jun-16) In house check: Jun-18
RF generator HP 8646C SN: ueau_monoo O4-Aug-93 (in house check Jun-18) In house check: Jun-18
Nebwork Analyzer HP 8753E SN: US37300585 18-Qct-01 (in house chack Oct-17) In house check: Oct-18

Neme Function Signature

Calibrated by- J ratory iged 7
Approved by:

Issued: March 22, 2018

This calibration certficate shall not ba reproduced except in full without written approval of the lab

Certificate No: EX3-7447_Mar18 Page 1of 11
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EX3DV4- SN:7447

(4]
FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

March 20, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7447

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © P:v;m{ Commy ConvEX | ConvFY | ConvFZ | Alpha® D(«n;':::;l (2:;)
750 419 0.89 10.35 10.35 10.35 0.50 080 | £120%
900 415 0.97 9.63 9.63 9.63 0.43 0.89 +120%
1750 40.1 1.37 ‘ 8.68 8.68 8.68 0.35 085 | £120%
1950 40.0 1.40 8.76 8.78 8.76 0.32 085 | £120%
2150 39.7 1.53 8.85 8.65 8.65 0.29 0.85 *12.0%
2300 39.5 1.67 8.21 8.21 8.21 0.31 088 | +120%
2450 392 1.80 7.77 7.77 7.77 0.34 085 | *120%
2600 39.0 1.96 7.46 7.46 7.46 0.39 085 | +120%
5250 359 471 517 5.17 5.17 0.35 180 | 131 %
5600 35.5 5.07 4.46 446 4.46 0.40 180 | 131 %
5750 354 5.22 4.68 4.68 4.68 0.40 180 | #131%

© Frequency validity above 300 MHz of + 100 MHz only appiies for DASY wd 4 and higher (see Page 2), else & is restricted to £ 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
below 300 MHz is 2 10, 26, 40, 50 and 70 MHz for Con'F assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validity can be extended to £ 110 MHz

" Al frequencies below 3 GHz, the validity of tissue parametars (¢ and @) can be relaxad to £ 10% I liquid compensation formula is applied to

measiured SAR values, At fraquencies sbove 3 GHz, the validity of tissue parameters (2 and o) is restricted 10 + 5%. The uncertainty is the RSS of
c‘zhe ConvF uncenainty for indicated target tissus parameters

Alpha/Depth are determined during calibration. SPEAG warrants that the remaning deviation due to the boundary efect after compensation is

always lnes than & 1% for froquencies below 3 GHz and below = 2% for frequencies between 3-6 GHz ot any distance larger than halfl the prabe tip

diamater from the boundary.

Certificate No: EX3-7447_Mar18
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EX3DV4- SN:T447 March 20, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7447

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc
f(MHz)® | Permittivity” (Sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
| 750 55.5 0.96 10.20 10.20 10.20 0.56 080 | £120%
| e00 55.0 1.08 9.89 9.80 9.80 0.41 096 | +12.0%
1750 53.4 1.49 8.25 8.25 8.25 0.36 087 | +120%
1950 53.3 1.52 8.12 8.12 8.12 0.35 085 | £120%
2450 52.7 1.95 7.68 7.68 7.68 0.39 090 | £12.0%
2600 52.5 2.16 748 7.48 748 | 025 105 | +120%
5250 48.9 5.36 438 4.36 436 | 050 190 | 213.1%
5800 485 5.77 3.74 3.74 3.74 0.50 190 | £131% |
5750 48.3 594 405 4.05 4.05 0.50 190 | 213.1% |

v Frequency validty above 300 MHz of £ 100 MHz only applies for DASY v4 4 and higher (see Page 2), else it is restricted to + 50 MMz The
uncertainty is the RSS of the ConvF uncertainty at calibration fraquency and the uncenainty for the indicated frequancy band. Frequency vaidity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 M-z raspectively. Above 5 GHz frequency
validty can be extended to 2 110 MHz,

P Al frequencies Selow 3 GHz. the valldity of tissue parameters (¢ and ¢) can be relaxed to + 10% if liquid compensation formuta is applied to
maasurad SAR values. At frequencies above 3 GHz, the vaiidity of tissue parameters (6 and o) Is resiricted 10 ¢ 5%. The uncertainty is the RSS of
the Conv uncartainty for indcated target tissue paramaters

“ Alpha/Depth are detemined during calitration. SPEAG warrants that the remaining deviation du to the beundary efiect after compensation is

ahways less than = 1% for frequencies below 3 GHz and below ¢ 2% for fraquenciss batwean 3-5 GHz at any distarce larger than half the probe tio
diameter from the boundary.

Certificate No: EX3-7447_Mar18 Page 6of 11
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APPENDIX E: RELEVANT PAGES FROM DIPOLE CALIBRATION REPORTS

SAR Reference Dipole Calibration Report

Ref: ACR.165.32.17.5ATUA

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

VERKOTAN LTD.
ELEKTRONIIKKATIE 17
90590, OULU, FINLAND
SAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ
SERTAL NO.: D2450V2-729

Calibrated at MVG US
2105 Barrert Park Dr. - Kennesaw, GA 30144
g,
SN

S
——

S

A .
Falyy ]y

|ACCREDITED
Calibration Date: 06/14/17

Sumimary:

to national metrology institutions.

This document presents the method and results from an aceredited SAF reference dipole calibration
performed in SATIMO USA using the COMOSAR. test bench. All calibration results are traceable
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FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

Ref ACE16532.17.5ATUA

SAR REFERENCE DIFOLE CALIBRATION REFORT

Name Function Date Signature
Prepared by : Jérdme LUC Product Manager 6/14/2017 T
Checked by : Jéréme LUC Product Manager | 6/14/2017 =
Approved by - Kim RUTKOWSKI Quality Manager 6/14/2017 Purthsul)
Customer Name
Distribution - Verkotan Ltd.
Issue Date Modifications
A 6/1472017 Initial release
Page: 2/11
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SAR EEFERENCE DIFOLE CALIBREATION EEPORT

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

Ref ACE16532.17.5ATUA

1950 40035 % 14015 %
2000 40.0 15 % 14015 %
2100 30815 5% 14915 %
2300 J0535% 16735 %
2450 30235% PASS 18015 % PASS
2600 30015 % 18615 %
3000 38515% 24015 %
3500 379i5% 20115 %

72 SAR MEASURFMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mum). within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4

Phantom SN 20009 SAMT1

Probe SM 18/11 EPG122

Ligmd Head Liquid Values: eps’ : 37.5 sigma - 1 30

Distance between dipole center and ligmd

100 mm

Area scan resoluhon

d=8mm/dy=8mm

Zoon Scan Resolubion

dx=5mm/dy="mm /dz=5mm

Frequency 2450 MH=z
Input power 20 dBm
Ligmd Temperature 21°C
Lab Temperature 21 =C
Lab Humidity 45 %
m:ﬂ'::“q' 1 g SAR [W/kg/W) 10 S8R [W/kg/W)
required measured required measured
300 2.B5 194
450 4.58 3.06
750 8.49 5.55
835 956 6.22
900 10.9 699
1450 29 16
15003 305 16.8
1640 34.2 184
1750 35.4 19.3
1800 334 201
1900 39.7 205
1950 40.5 208
Page: 811
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SAR REFERENCE DIFOLE CAITBRATION REFORT

FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

Bef ACEL16530.17.5ATUA

2000 411 111
2100 436 219
2300 a8.7 233
2450 52.4 53.43 (5.34] 24 24.05 (2.41)
2600 55.3 246
3000 63.8 157
3500 67.1 25
831
-
— Eﬁw <
w % A
=, \""H.
. = [t
= | — o o 4 10 42 ;.: 1;_;:-_‘_:?_34 FEE
73 BODY LIQUID MEASUREMENT
Fre:ﬂl:::nq Relative permittivity (&) conductivity (o) 5/m
required measured requirad measured
150 61.0%5% 0.0 45 %
300 582 +5% 082+5%
450 56.7 5% 093 +5 %
750 555 +5 5% 09615 %
835 552 355 0875 %
200 55015 5% 1055 %
015 550 15 % 106 +5 %
1450 54.035% 13045 %
1610 EER L 14015 %
1800 533355 15245 %
1900 53.335% 15235 %
2000 533155 15245 %
2100 53235% 16245 %
2450 52735% PASS 19515 % PASS
2600 525355 216+5 %
3000 520155 1735 %
Page: 0/11
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SAR REFERENCE DIFOLE CALIBERATION REFORT
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Fef ACRI653117TSATUA

3500 51.3%5% 33145 %
3200 29.0£10% 530£10%
3300 259 £10% 542%210%
5400 48.7 #10% 553 #10%
5500 486 £10% 5.65£10%
5600 435 10% 577 £10%
5800 482 #10% 6.00 £10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20009 5AMTL

Probe SN 18/11 EPG122

Ligmd Body Ligmd Values: eps” - 53.2 sipma - 1.89

Dhstance between dipole center and ligmd

100 mm

Area scan reselution

de=8rmm/dy=8 mm

Zoon Scan Resclution

dee=5mm/dy=5mm//dz=5F mm

Thiz documant shail not be reproduced, excapr in fuil or in port, without the written approval of MTG.
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Frequency 2450 MH=
Input power 20 dBm
Ligmd Temperature 21=C
Lab Temperature 21°C
Lab Humidity 45 %
m:ﬂ':!‘"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measurad
2450 53.65 (5.37) 24.72 [2.47)
=_|
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