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NECteISpoermechanism for MMW exposure
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‘Energy absorption is occurred

v' Temperature elevation of cornea surface is nonlinear
to the input level of incident power density (PD). .
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v' These models are anatomically reviewed.

v' Prepared 12.5, 25, and 50um mesh sizes .

v' Consists of 7 tissues, cornea, aqueous humor, iris, lens, vitreous humor
sclera, and skin.
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Simulation setup for EMF analysis
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-The eyeball is placed at the focal point of lens antenna.
-Scattered field FDTD method is used to obtain induced

SAR within eye
Eye ball FDTD : Finite Difference Time Domain method



SAR distribution for each frequency power density
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-SAR value becomes large according to the increase of frequency.




Comparison of penetration depth
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Jeat transport simulation

ell) method is used

.

|Physical constants
' nsity: p [kg/m?3]
| «coefficient of kinematic viscosity: v

V-V 20 sspecific heat : Cp [J/kg = K]

'b - sheat conduction coefficient : K [W/m * K]
Navier-stork emetabolic heat : A, [W/m?]
«Coefficient of blood flow : B [W/m?3 - K]

*heat source : Q [W/m?3]
Biological heat transpot equation  *gravity :g [m/s?]

Co(% + (V- V)T) = V- (KVT) + Ao — B(T — Thtood) + Q :
Plpl gy T at AV T Ao =BG Shiod) TE Variables

svelocity :V[m/s]
stemperature:T[°C]
spressure:p[kg/m?]

Calculation of pressure

A8 -
m Convective energy

transport term 8




Gravity direction

Dependence of T and V on the frequency
200mW/cm?2 40GHz, 95GHz
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ComPANSeN G temperature distribution
een ranpit and human

A0GHZ@200m\\V/cm?
Rabbit

Temperature (degree)

Time: 360 (s)




COMPARSERNGIRUIIE CoLrse temperature elevation
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Human eye is superior in the heat transport ability, because of its deeper
anterior chamber depth.
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ofithermal dose

We meliee te aet erm]ne the thermal dose has been
Jrope PSEUNOIFCAN J.,E—)H'J‘ apy. from 1984.[1-3]
=HISIMETCENSItERNMES “ther ‘mal isoeffective dose”
f

- “%scenrl K rm e nod IS considered to apply to estimating
gsjplelfelie pyrtiermal effect of MRI equipment.[4]

e r)rar*"' re data are converted to an
SRUMIPEr off minutes at 43°C temperature

thelnear the break point for CHO and several
otheﬁ ce INES

[1]Sapareto SA, Dewey WC. Thermal dose determination in cancer therapy. Int J Radiat Oncol Biol
Phys 1984; 10: 787-800.

[2]Dewhirst MW, Viglianti BL, Lora-Michiels M, Hanson M, Hoopes PJ. Basic principles of thermal
dosimetry and thermal thresholds for tissue damage from hyperthermia. Int J Hyperthermia. 2003;
19:267-294.

[3] Yarmolenko PS, Moon EJ, Landon C, Manzoor A, Hochman DW, Viglianti BL, Dewhirst MW,
"Thresholds for thermal damage to normal tissues: an update", Int J Hyperthermia. 2011;27(4):320-43.
[4] van Rhoon GC1, Samaras T, Yarmolenko PS, Dewhirst MW, Neufeld E, Kuster N, "CEM43°C
thermal dose thresholds: a potential guide for magnetic resonance radiofrequency exposure levels?",
Eur Radiol. 2013 Aug;23(8):2215-27 1)



CENA48RC criteria
umlndexsefthenimnalise :,ffé'gﬂ'vi; dese originally defined as follows.

CEM43°C = R*¥™"

SPCclimulative number of equivalent minutes at 43°C
teRvall(imi
IR erage temperature during time interval t.
R: thé!nu per of minutes needed to compensate for a 1°
temperature change either above or below the breakpoint.
As for cornea, thermal exposure causes
21< CEMA43°C < 40 min: Acute and minor damage
41< CEMA43°C < 22000 min: Acute and significant damage

22000 < CEM43°C : Severe damage.
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-CEM43°C distribution
on the cornea surface.
-Exposure condition is
75GHz, 150mW/cm?.
-An example of 6min
exposure.

CEMA43°C is more than 21
minutes inside the circle

CEMA43 .
=2.210e+01 min

=20

16

-21< CEM43°C < 40 min: Acute and minor damage
-41< CEM43°C < 22000 min: Acute and significant damage

-22000 < CEMA43°C : Severe damage.

14
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v" Predicted PD threshold level based on CEM43°C criteria agree with DD,
estimated by experiments.
v PD threshold level for 28GHz exposure will be lager value than that for high

frequency.




S MRS
LESHICSIOl tEmperature elevation
] ] ierdifferent between

j an(ﬂbetween rabbit
andsitiman,,

[ Resultsieirrabhbit indicate higher
temperature elevation than that of human.
Threshold level of power density
become higher (relaxed) based on the
CEM43°C analysis, according to the

decrease of freqguency. 18
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Simulation system for ocular
' The system is conS|sts of3part ' XPOSure to MMW

2D electromagnetic field due to lens antenna is measured
Method : PWS ( Plane Wave Spectrum ) method

y

3D incident electromagnetic field is reconstructed

3D electromagnetic field + eye model
Method : J

3D scattered-field FDTD (Finite Difference Time Domain ) method
+rabbit eye model

y

induced electromagnetic field in the rabbit eye - SAR

SAR ( Specific Absorption Rate )

Heat Convection

Heat Conduction
Method : SMAC (Simplified marker and cell) method

- Temperature and flow velocity + ( pressure )

Heat Transportation



The reconstruction of 3D EMF ( ElectroMagnetic Field )

*2D EMF was measured against the lens antenna for the reconstruction of

the incident field.!!

The experimental condition

Frequency 75.4 [ GHz ]
The mesh size 1.0 [ mm ]
Measurement area ( focus ) 3 X 3[cm?]
Focus distance 150 [ mm |

z Z:'D 1 ]

F 3

focus distance

*The waveguide is used for the measurement.

EF measured at the focus (x-y dimension)

*The electric field (Ex and Ey distribution ) was measured at the focal point with the lens

antenna fixed by the z<0 side.

24




The Method of reconstruction of 3D electric field : PWS

*Measured 2D electric field is converted by Fourier transform under the assumption.
-The incident wave is plane wave to obtain the electric field in the wave number
space.

*3D electric field is reconstructed by the inverse Fourier transform.

Fourier transform The condition of calculation for PWS
ey 500 X 500 X 500
X( & y) f EX(X yO dxd) The number of meshes Lcells ]
)’( ) y) ny(X yO (kocrks y)dxdj Size of mesh 50 [pm]

The reconstructed area | 25 X 25 X 25[ mm?3]

inverse Fourier transformation

Ex(x,y,j fE)(( ) kx+ky+kozgdlgd19
Ey(xya fny( ) kx+ky+k022)dk(dl$

EA x, yz) f i {(x—)E +( y- I’;)Ey} Akerclrchosd gl ol

However kzo = 4\/kg — kf —




The result of reconstructed 3D electric field
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*We can reconstruct realistic incident electric field.
|t is normalized by the maximum value of electric field.

|t is found that lens antenna generates highly localized electric field.
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