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Model Number:

MIT-W101;MIT-WIL0IXXXXXXXXXXXXXXXX (where "X" may be any

“aon

alphanumeric character, “-” or blank)

KDB 616217 D04 SAR for laptop and tablets vO1r02

Date of Test: October 27 ~ 29, 2015
Device Category: PORTABLE DEVICES
Exposure Category: GENERAL POPULATION/UNCONTROLLED EXPOSURE
Applicable Standards
® |EEE 1528 2013
® KDB 865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04
FCC ® KDB 447498 D01 General RF Exposure Guidance v06
@
@

KDB 248227 D01 SAR Measurement Guidance for 802.11
Transmitters v02r02

Limit
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mWw/g for an occupational/controlled environment as recommended by the ANSI/IEEE standard (95.1-1992

[6].
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The spherical isotropy was evaluated with the procedure and found to be better than +0.25 dB. The phantom
used was the SAM Twin Phantom as described in FCC supplement C, IEEE 1528 2013.
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The DASY4 system for performing compliance tests consists of the following items:

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

e A dosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for usage in tissue
simulating liquid. The probe is equipped with an optical surface detector system.

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

e The Electro-optical converter (EOC) performs the conversion between optical and electrical of the
signals for the digital communication to the DAE and for the analog signal from the optical surface
detection. The EOC is connected to the measurement server.

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

e A probe alignment unit which improves the (absolute) accuracy of the probe positioning.
e A computer operating Windows 2000 or Windows XP.
e DASY4/DASYS software.

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

e The SAM twin phantom enabling testing left-hand and right-hand usage.

e The device holder for handheld mobile phones.

e Tissue simulating liquid mixed according to the given recipes.

e Validation dipole kits allowing validating the proper functioning of the system.
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2ment server performs all real-time data evaluation for field
nts and surface detection, controls robot movements and
ty operation.

ating system cannot interfere with these time critical

Il connections are supervised by a watchdog, and

n of any of the cables to the measurement server will

ly disarm the robot and disable all program-controlled robot
. Furthermore, the measurement server is equipped with

on slots which are reserved for future applications. Please

e expansion slots do not have a standardized pinout and

Ily the expansion cards provided by SPEAG can be inserted.
ards from any other supplier could seriously damage the

nt server. Calibration: No calibration required.

:quisition electronics (DAE4) consists of a highly sensitive
r grade preamplifier with auto-zeroing, a channel and gain-
wiltiplexer, a fast 16 bit AD converter and a command
| control logic unit. Transmission to the measurement server
shed through an optical downlink for data and status
as well as an optical uplink for commands and the clock.
lical probe mounting device includes two different sensor
frontal and sideways probe contacts. They are used for
surface detection and probe collision detection. The input
of the DAE4 box is 200MOhm; the inputs are symmetrical
. Common mode rejection is above 80 dB.
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nge:

10 MHz to > 6 GHz; Linearity: £ 0.2 dB (30 MHz to 3 GHz)

+ 0.3 dB in HSL (rotation around probe axis)

+ 0.5 dB in HSL (rotation normal to probe axis)

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

(noise: typically < 1 pwW/g)

Overall length: 330 mm (Tip: 20 mm)

Tip diameter: 2.5 mm (Body: 12 mm)

Distance from probe tip to dipole centers: 1 mm

High precision dosimetric measurements in any exposure
scenario (e.g., very strong gradient fields). Only probe
which enables compliance testing for frequencies up to 6
GHz with precision of better 30%.

ass.

ne:

The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in IEEE
1528 2013, CENELEC 50361 and IEC 62209. It enables the
dosimetric evaluation of left and right hand phone usage as
well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings
on the phantom allow the complete setup of all predefined
phantom positions and measurement grids by manually
teaching three points with the robot.

2 +0.2 mm
Approx. 25 liters

Height: 810mm; Length: 1000mm; Width: 500mm

ass.

ne:

Phantom for compliance testing of handheld and body-
mounted wireless devices in the frequency range of 30 MHz
to 6 GHz. ELI4 is fully compatible with the latest draft of the
standard IEC 62209 Part Il and all known tissue simulating
liquids. ELI4 has been optimized regarding its performance
and can be integrated into our standard phantom tables. A
cover prevents evaporation of the liquid. Reference markings
on the phantom allow installation of the complete setup,
including all predefined phantom positions and measurement
grids, by teaching three points. The phantom is supported by
software version DASY4/DASY5 and higher and is compatible
with all SPEAG dosimetric probes and dipoles

2.0+ 0.2 mm (sagging: <1%)
Approx. 25 liters

Major ellipse axis: 600 mm
400 mm 500mm
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Symmetrical dipole with /4 balun Enables measurement
of feedpoint impedance with NWA Matched for use near
flat phantoms filled with brain simulating solutions
Includes distance holder and tripod adaptor.

2450, 5200, 5300, 5600, 5800 MHz
> 20 dB at specified validation position

> 100 W (f < 1GHz); > 40 W (f > 1GHz)
D2450V2: dipole length: 51.5 mm; overall height: 290 mm
D5GHzV2: dipole length: 20.6 mm; overall height: 300 mm

Symmetrical dipole with 1/4 balun Enables measurement of
feedpoint impedance with NWA Matched for use near flat
phantoms filled with brain simulating solutions Includes
distance holder and tripod adaptor.

2450, 5200, 5300, 5600, 5800 MHz
> 20 dB at specified validation position

> 100 W (f < 1GHz); > 40 W (f > 1GHz)
D2450V2: dipole length: 51.5 mm; overall height: 290 mm




e aam e raar s mam s e

- Diode compression point dcp;

Device parameters: - Frequency f
- Crest factor cf

Media parameters: - Conductivity G
- Density ol

These parameters must be set correctly in the software. They can be found in the component documents or be
imported into the software from the configuration files issued for the DASY components. In the direct measuring
mode of the multi-meter option, the parameters of the actual system setup are used. In the scan visualization and

export modes, the parameters stored in the corresponding document files are used.

The first step of the evaluation is a linearization of the filtered input signal to account for the compression
characteristics of the detector diode. The compensation depends on the input signal, the diode type and the DC-
transmission factor from the diode to the evaluation electronics. If the exciting field is pulsed, the crest factor of
the signal must be known to correctly compensate for peak power. The formula for each channel can be given as:

: o
Vf - U.‘ + Uf dqv,-
with V; = Compensated signal of channel i (i=xvy,12)
U; = Input signal of channel i (i=xvy,12)
cf = Crest factor of exciting field (DASY parameter)
dcp; = Diode compression point (DASY parameter)

From the compensated input signals the primary field data for each channel can be evaluated:

E-field probes: _ V.
"\ Norm,* ConvF

daot aﬂlf + ai12f2

f

with V; = Compensated signal of channel i (i=xvy,12)

H-field probes: .
P H-=Vi

Norm; = Sensor sensitivity of channel i (i=xvy,12)
1V/(v/m)?* for EOfield Probes

ConvF = Sensitivity enhancement in solution

aij = Sensor sensitivity factors for H-field probes
f = Carrier frequency (GHz)

Ei = Electric field strength of channel i in V/m
Hi = Magnetic field strength of channel i in A/m
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Eiot = total field strength in V/m
c = conductivity in [mho/m] or
o) = equivalent tissue density in

Note that the density is normally set to 1 (or 1.06), to ac
simulation liquid.

The power flow density is calculated assuming the excit:

2

p,.-L= ° P,=H.377

377
with Ppwe = Equivalent power density o
Etot = total electric field strength i
Hit = total magnetic field strengtl
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section. The reference job projects the selected point onto the phantom surface, orients the probe
perpendicularly to the surface, and approaches the surface using the selected detection method.

Area Scan

The area scan is used as a fast scan in two dimensions to find the area of high field values, before doing a finer
measurement around the hot spot. The sophisticated interpolation routines implemented in DASY4/DASY5
software can find the maximum locations even in relatively coarse grids. The scan area is defined by an editable
grid. This grid is anchored at the grid reference point of the selected section in the phantom. When the area scan’s
property sheet is brought-up, the grid resolution has to less than 15 mm by 15 mm at frequency <2GHz; the grid
resolution has to less than 12mm by 12 mm at frequency between 2GHz to 4GHz; grid resolution has to less than
10 mm by 10 mm at frequency between 4GHz to 6GHz.

According to KDB 865664 D01 SAR measurement 100 MHz to 6 GHz v01

<3 GHz >3 GHz
Maximum distance from closest measurement point
. P 5+1mm %-6-In(2) £ 0.5 mm
(geometric center of probe sensors) to phantom surface
Maxi be abgle fi b is to phant
aximum probe abgle from probe axis o.p antom 30°+1° 20° £ 1°
surface normal at the measurement location
<2 GHz: £15mm 3—-4GHz: <12 mm
2—3GHz: <12 mm 4 —6 GHz: <10 mm
Maximum area scan spatial resolution: Axzoom, Ayzoom

When the x or y dimension of the test device, in the
measurement plane orientation, is smaller than the
above, the measurement resolution must be < the
corresponding x or y dimension of the test device with at
least one measurement point on the test device.
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10 MHz to 6 GHz v01

<3 GHz

>3 GHz

oom

<2 GHz: < 8 mm
2—3GHz: <5mm

3—-4GHz: <5mm
4 -6 GHz: <4 mm

3-4GHz: <4 mm

zoom(n) <5mm 4—-5GHz: <3 mm
5-6GHz: <2 mm
‘bet
)i:t:‘:ﬁigst 3-4GHz: <3 mm
sm surface <4 mm 4 —-5GHz: <2.5mm
5-6GHz: <2 mm
grid
ﬂZZoom(n:"l}Z
between <1.5-Azzoom(n-1)
subsequent points
Maximum zoom scan 3-4GHz: 228 mm
volume XY, 2 =30 mm 4 —-5GHz: 225 mm
5—-6GHz: 222 mm

Power Drift Measurement

The drift job measures the field at the same location as the most recent reference job within the same procedure,
and with the same settings. The drift measurement gives the field difference in dB from the reading conducted
within the last reference measurement. Several drift measurements are possible for one reference measurement.
This allows a user to monitor the power drift of the device under test within a batch process. In the properties of
the Drift job, the user can specify a limit for the drift and have DASY4/DASY5 software stop the measurements if

this limit is exceeded.

Z-Scan

The Z Scan job measures points along a vertical straight line. The line runs along the Z-axis of a one-dimensional
grid. A user can anchor the grid to the current probe location. As with any other grids, the local Z-axis of the

anchor location establishes the Z-axis of the grid.

Page 17

Rev. 00




Page 18 Rev. 00



Wi-Fi

2.40HzZ Band

802.11n(HT20)
802.11n(HT40)

1UU%

5GHz Band

802.11a
802.11n(HT20)
802.11n(HT40)

100%

Bluetooth

2.4GHz

2.1
4.0 LE

N/A
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e
1.  For WLAN mode can be used as transmitting/receiving on the Main and Aux Antenna.

2. WLAN and Bluetooth technology can transmit at same time.
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been defined as closer than 50 mm. For antennas <50 mm from the rear or edge the separation distance used for

the estimated SAR calculations is 0 mm.
2. When the minimum test separation distance is < 5mm, a distance of 5mm is applied to determine SAR test

exclusion.
3. When the separation distance from the antenna to an adjacent edge is > 5 mm, the actual antenna-to-edge

separation distance is applied to determine SAR test exclusion.
4. If the antenna to DUT adjacent edge or bottom separation distance >50mm the actual antenna to user separation

distance is used to determine SAR exclusion and estimated SAR value.
Refer to Appendix for the specific details on the antenna-to-antenna and antenna-to-edge distances used for test

exclusion calculations.
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1. Yes=SARisrequired.
2. No = SAR is not required.
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0.08 16 4.0

NOTE: Whole-Body SAR is averaged over tfF
gram of tissue defined as a tissue vol
and ankles is averaged over any 10 g
a cube.

Population/Uncontrolled Environments:

are defined as locations where there is the expt
of their exposure.

Occupational/Controlled Environments:

are defined as locations where there is exposur
potential for exposure, (i.e. as a result of emplc

GENERAL POPULATION

PARTIA. v . e
1.6 W/kg
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The relative permittivity and conductivity of the tissue material should be within + 5% of the values given in the
table below 5% may not be easily achieved at certain frequencies.

The head tissue dielectric parameters recommended by the IEEE SCC-34/SC-2 in |IEEE 1528 2013 have been
incorporated in the following table. These head parameters are derived from planar layer models simulating the
highest expected SAR for the dielectric properties and tissue thickness variations in a human head. Other head
and body tissue parameters that have not been specified in IEEE 1528 2013 are derived from the tissue dielectric
parameters computed from the 4-Cole-Cole equations and extrapolated according to the head parameters
specified in IEEE 1528 2013

Target Frequency Head Body
(MHz) & o (S/m) & o (S/m)
150 523 0.76 61.9 0.80
300 453 0.87 58.2 0.92
450 435 0.87 56.7 0.94
835 415 0.90 55.2 0.97
900 415 0.97 55.0 1.05
915 415 0.98 55.0 1.06
1450 405 1.20 54.0 1.30
1610 403 1.29 53.8 140
1800 — 2000 400 140 53.3 1.52
2450 39.2 1.80 52.7 1.95
3000 38.5 240 52.0 273
5000 36.2 445 493 5.07
5100 36.1 455 491 5.18
5200 36.0 466 490 5.30
5300 359 476 48.9 542
5400 358 4.86 48.7 553
5500 356 496 48.6 565
5600 355 507 48.5 577
5700 354 517 48.3 588
5800 353 527 48.2 6.00
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Sugar 56.32 | 46.78 56.0 45.0 56.5 41.76 0.0 58.0 0.0 0.0
HEC 0.98 0.52 1.0 1.0 1.0 1.21 0.0 1.0 0.0 0.0
Bactericide 0.19 0.05 0.1 0.1 0.1 0.27 0.0 0.1 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.8 0.0
DGBE 0.0 0.0 0.0 0.0 0.0 0.0 4492 0.0 0.0 26.7
Dielectric Constant 43.42 58.0 42.54 56.1 42.0 56.8 39.9 54.0 39.8 525
Conductivity (5/m) 0.85 0.83 0.91 0.95 1.0 1.07 1.42 1.45 1.88 1.78
alt: 99°% Pure Sodium Chloride Sugar: 98'% Pure Sucrose
Water: De-ionized, 16 MQ' resistivity HEC: Hydroxy thyl Cellulose
DGBE: 99'% Di(ethylene glycol) butyl ether, [2-(2-butoxyethoxy)ethanol]
Triton X-100 (ultra-pure): Polyethylene glycol mono [4-(1, 1, 3, 3-tetramethylbutyl)phenyllether
Simulating Liquids for 5 GHz, Manufactured by SPEAG
Ingredients (% by weight)
Water 78
Mineral oil 11
Emulsifiers 9
Additives and Salt 2
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5280 bUYY | 1B.9Z 5.55 a8 92 D.4u 4. 25% | 2.89% +5
5300 5096 | 1895 | 558 | 4890 | 542 | 4.21% | 2.94% +5
5320 5095 | 1899 | 561 | 4886 | 544 | 4.27% | 3.15% +5
5500 50.59 19.15 5.85 48.60 565 4.10% 3.55% +5
5520 50.53 | 19.17 | 588 | 4858 | 567 | 4.02% | 3.61% +5
5540 50.51 | 19.22 | 592 | 4856 | 570 | 4.01% | 3.83% +5
5560 50.50 19.25 5.94 A48.54 572 4.03% 3.90% +5

2015/10/28 |Body 5000
5580 50.48 | 19.27 | 597 | 4852 | 575 | 4.04% | 3.98% +5
5600 50.44 | 19.28 | 600 | 4850 | 577 | 4.00% | 3.98% +5
5620 50.39 | 19.27 | 602 | 4846 | 579 | 3.98% | 3.90% +5
5640 50.33 | 19.31 | 6.05 | 4842 | 581 | 3.94% | 4.05% +5
5660 50.31 | 19.35 | 608 | 4838 | 584 | 3.98% | 4.24% +5
5680 50.28 | 19.38 | 6.12 | 4834 | 586 | 4.02% | 4.40% +5
5700 50.27 19.41 6.15 48.30 5.88 A4.07% 4.55% +5
5745 50.16 | 19.42 | 620 | 4826 | 593 | 3.95% | 4.46% +5
5765 50.12 | 19.45 | 623 | 4824 | 596 | 3.91% | 4.57% +5
5785 50.08 19.49 6.26 4822 5.98 3.88% 4.69% +5
5805 50.06 | 1953 | 630 | 4819 | 6.01 | 3.89% | 4.86% +5
5825 50.05 | 19.54 | 632 | 4815 | 6.03 | 3.94% | 4.87% +5
2412 52.36 | 1362 | 182 | 5275 | 191 |-075% | -4.64% +5
2437 5229 | 13.73 | 186 | 5272 | 194 |-080% |-1.09% +5

52.28 13.73 1.86 5271 1.94 -0.83% | -4.08% +

2015/10/29 |Body 2450 |—2242 - -] =5
2450 5226 | 13.77 | 187 | 5270 | 195 |-084% | -3.87% +5
2462 52.19 13.81 1.89 52 68 1.97 -0.95% | -3.94% +5
2472 5215 | 13.87 | 190 | 5267 | 198 |-099% | -3.88% +5
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The measurements were performed in the flat section of the SAM twin phantom filled with Body simulating
liquid of the following parameters.

The DASY4/DASY5 system with an E-field probe EX3DV4 SN: 3554 was used for the measurements.

The dipole was mounted on the small tripod so that the dipole feed point was positioned below the center
marking of the flat phantom section and the dipole was oriented parallel to the body axis (the long side of the
phantom). The standard measuring distance was 15 mm (below 1 GHz) and 10 mm (above 1 GHz) from dipole
center to the simulating liquid surface.

The coarse grid with a grid spacing of 10mm was aligned with the dipole.

Special 7x7x7 fine cube was chosen for cube integration (dx=dy=5 mm, dz= 5 mm).
Distance between probe sensors and phantom surface was set to 3.0 mm.

The dipole input power (forward power) was 100 mW+3%.

The results are normalized to 1 W input power.

Reference SAR Values for System Performance Check
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2) Power measurement is required for the transmission mode configuration with the highest maximum
output power specified for production units.

a) When the same highest maximum output power specification applies to multiple transmission
modes, the largest channel bandwidth configuration with the lowest order modulation and lowest data
rate is measured.

b) When the same highest maximum output power is specified for multiple largest channel
bandwidth configurations with the same lowest order modulation or lowest order modulation and lowest
data rate, power measurement is required for all equivalent 802.11 configurations with the same maximum
output power.

3) For each transmission mode configuration, power must be measured for the highest and lowest channels;

and at the mid-band channel(s) when there are at least 3 channels. For configurations with multiple mid-
band channels, due to an even number of channels, both channels should be measured.
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1. Output Power and SAR measurement is not required for 802.11a/n HT20 channels when the specified maximum tune-up
powers are the same in 802.11n HT40 and the measured SAR is < 1.2 W/Kg.
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in that exposure configuration and wireless mode combination within the frequency band or aggregated band.
Highest reported SAR is > 0.4 W/kg. Due to the highest reported SAR for this test position, other test positions
in this exposure condition were evaluated until a SAR < 0.8 W/kg was reported.

Highest reported SAR is > 0.8 W/kg. Added second highest power channel for this test position.
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3. Highest reported SAR is < 0.4 W/kg. Therefore, SAR measurement is not required for the other test positions in
that exposure configuration and wireless mode combination within the frequency band or aggregated band.

4. Repeated measurements are required only when the measured SAR is >0.80 W/kg. If the measured SAR values are
< 1.45 W/kg with <20% variation, only one repeated measurement is required to reaffirm that the results are not
expected to have substantial variations, which may introduce significant compliance concerns. (Per KDB 865664
D01 SAR measurement 100 MHz to 6 GHz v01r01)

4.1 Original SAR = 0.820 W/kg, therefore two times repeat SAR is required.
4.2 Repeat SAR = 0.721 < 1.45W/kg
4.3 SAR variation=12.0 % < 20%
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specific test operating mode and exposure condition

SAR; is the highest Reported or estimated SAR for the se
the same test operating mode and exposure condition a

R; is the separation distance between the pair of simulta
for both antennas in the pair, it is determined by the aci
location, based on the extrapolated and interpolated re:
[(x1%2) + (y1-y2)’ + (2222)°]

A new threshold of 0.04 is also introduced in the draft K
antennas with the sum of 1-g SAR > 1.6 W/kg to qualify-
measurements, it has to satisfy the condition of:

(SAR; + SAR,)" /R; < 0.04
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applied for SAR estimation; this is the same between test exclusion and SAR estimation calculations.

e When the separation distance from the antenna to an adjacent edge is > 5 mm but < 50 mm, the actual
antenna-to-edge separation distance is applied for SAR estimation.

e  When the minimum test separation distance is > 50 mm, the estimated SAR value is 0.4 W/kg

15.1.1 Estimated SAR for Bluetooth
According to section 9, the Bluetooth must be estimated according to following to determine simultaneous
transmission SAR test exclusion:
e (max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)]-[Vfiex)/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.

e 0.4 W/kg for 1-g SAR and 1.0 W/kg for 10-g SAR, when the test separation distances is > 50 mm.
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