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Objectives

- propose a stratified skin model for the analysis of EM energy absorption in the
mmWave frequency range

- identify the skin layering structure that maximizes absorption
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Stratified Skin Model — Biophysical Properties
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Stratified Skin Model — Layer Thicknesses

Layer Thickness c
]

thick SC 20 - 700um =
thin SC 10 - 20pum o fat
viable epidermis 60 - 120um g (hypodermis)
dermis 0.4 — 2.4 mm g

. wn
hypodermis 1.1-5.6 mmor «
muscle c0

- two body regions distinguished depending on stratum corneum thickness:
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Power Transmission Coefficient
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SC Thickness for Maximum Transmission
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Temperature Increase
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Generic Transmitters — 28GHz
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Generic Transmitters — 100GHz
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Farfield Patterns of the Generic Transmitters
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Positioning of the Generic Transmitters

generic phone with 16 antenna elements

\ |1.7mm
Tt

\ti_ssue layers: stratum corneum,
ements viable dermis, dermis and fat

generic phone above layered tissue

. close distance: 1.7mm between ground and tissue corresponding to A/6 at
28GHz (N28: 4.2mm distance because of case)
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Calculation of the Temperature Increase
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AT Averaged Over 1cm? — Homogeneous Skin
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AT Averaged Over 1cm? — Layered Skin
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AT Averaged Over 4cm? — Homogeneous Skin
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AT Averaged Over 20cm? — Homogeneous Skin

&

I Total Efield av. over 20cm?
L Total Foynting vector av. over 20em” AT In hnmogeneous tissue
5 Mormal Poynting vector av. over 20cm?
b
L4
Lk
w
M
K
:
0 3 direct beam : deflected beam
= -
o
LK)
o
£ 2
1 : I
oIl mm| mH ewr B0 mw I|‘ IL i Hml mm mml | sl BN mwm HE I|
Fz8b Fz8b FZ28t FZ28t NZ28 MNZ28 FLOOt PlOOb F2&b F28b F28t F28t M28 M28 F1OOt PlOOb
close far close far close far close  close close far close far close far close  close
- AThigherthan{foranaveragingsurfaceofIcm< and 4cm
ala a AavYa AavYa A a Ala AvYa ayala Aalaala¥Ya a a a a AVA AYA a
L/ A U/ \A \J @ \J/ w NS @ A @ L/ \/ UAW




EMF Energy Absorption Mechanisms in the mmW Frequency Range Portoroz, June 2018

Correlation of AT and Power Density
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Summary and Conclusions

- Layered modeling of the skin yields an increase of the induced AT by up to a factor of 4 in
comparison to homogeneous skin mainly in the palms and fingers. This can be attributed to
impedance matching and reduced perfusion in the outer skin layers.

- Normalization of the temperature increase to the normal av. Poynting vector yields a
higher temperature increase in comparison to the total av. Poynting vector, but shows a
better correlation, i.e., larger independence Zof the incident field.

- The observed temperature increase remains under 1K if an averaging area of 1cm? is used
and the averaged power density does not exceed the exposure limit for the general public
of 10W/m?.

- Atdistances >A/6 (1.7mm at 28GHz), the impact of reactive fields is negligible. Further
evaluations may be necessary for lower frequencies (10GHz).
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