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ICNIRP 202012:
Absorbed Power Density
(APD)

< =

Sap = Nadxdy [ p(x.v.z) - SAR(x, y,z) dz/A,

S = I Re[S] - ds/A4 = [, Re[E x H| - ds/A,

Table 2. Basic restrictions for electromagnetic field exposure from 100 kHz to 300 GHz, for averaging intervals =6 min.®

Exposure Whole-body average Local Head/Torso Local Limb Local
scenario Frequency range SAR (W kg l) SAR (W kg 1) SAR (Wkg l) Sap (Wm 2)
Occupational 100 kHz to 6 GHz 04 10 20 NA
=6 to 300 GHz 04 NA NA 100
General public 100 kHz to 6 GHz 0.08 2 4 NA
=6 to 300 GHz 0.08 NA NA 20

*Note:
1. “NA” signifies “not applicable™ and does not need to be taken into account when determining compliance.

[ SV S

. Whole-body average SAR is to be averaged over 30 min.

. Local SAR and S, exposures are to be averaged over 6 min.
. Local SAR is to be averaged over a 10-g cubic mass.

. Local S., is to be averaged over a square 4-cm? surface area of the body. Above 30 GHz. an additional constraint is imposed. such that

exposure averaged over a square 1-cm” surface area of the body is restricted to two times that of the 4-cm” restriction.

|IEEE Std C95.1 201912
Epithelial Power Density
(EPD)

Table 6—Local exposure DRLs (6 GHz to 300 GHz)

Epithelial power density (W/m?2)»b<
C(m(liti()ns [ e —— e ——— |
Persons in unrestricted Persons permitted in restricted
environments environments
Body surface 20 100

* Epithelial power density through body surface is averaged over 6 min.

° Averaged over any 4 em’ of body surface at frequencies between 6 GHz and 300 GHz (defined as area in the shape of

a square at surface of the body).

¢ Small exposed areas above 30 GHz: If the exposed area on the body surface is small (<1 cm?® as defined by

—3 dB contours relatrve to the peak exposure). the epithelial power density 1s allowed to exceed the DRL values ot Table 6

by a factor of 2, with an averaging area of I cm” (defied as area m the shape of a square at the body surface).

1. ICNIRP, “Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (100 kHz to 300 GHz)”, Health Phys., 118(5), pp. 483-524, 2020.

2. |IEEE Standard for Safety Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz, IEEE Std., C95.1, 2019.
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The power flow through the epithelium per unit area
directly under the body surface (i.e., in stratum
corneum of the skin or corneal epithelium of eyes).
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3. Li K et al., Calculated Epithelial/Absorbed Power Density for Exposure From Antennas at 10-90 GHz: Intercomparison Study Using a Planar Skin Model.
IEEE Access, 2023, 11: 7420-7435.



| E L ERORREHEE SR OEE
|

Fosterb[2](d, BERHBAETIILICEDZ, EFDBHEBEEZ/NSKLBEAELIZEED
RAXRERELZEN, £EARBILBICLIYEABENIREVMEELYE/NSKELHEETR
L= (BEAELEIIKEIZHL . EE LR ITFHILEBED F AR TINSKLED)
Funahashis[4]IE3RTARB XV T7oTFHFETILIZEAEIESTEMN .
2IEDHBHANTEETHAHEZHEER

oM, EFHEEEIcm2ELIZIEE DRIE2FEDIRMELE->TIND

0.04 Dipole array --®--15 mm -=-30 mm —=-45 mm 14 e’ — 30
— Patch array =15 mm -+-30 mm ——45 mm /™ =
‘3 [ Dipole array 015 mm -0-30 mm -0-45 MMy |y E
! Patcharray @15 mm -¢-30 mm ——45 mm /' ‘™ @
:f 0.03 —— |-D ) . ;,
E - 5 - ]
O 2 20 ] e .
=9 Q : ool " BD—O—0—0
o | - Eat ="
= 0.02 é o:'
& E ‘ | ,.1,--_.::_ .
~ i) Dipole Dipole array “»-l..,.
2 0.01 *% - A SARy,, =2 [Wikg]
~ ‘g - R TPD = 20 [W/m?] (4 cm?)
< £ e L 1PD =40 [W/m?] (1 cm?)
0 — 10 ‘
Grownd —— 1 10 100 1000 1 10 100 1000
Frequency |GHz| Frequency [GHz]
) uo FIGURE 5. The ratiozof the surfzace temperature elevatio_n to the TPD FIGURE 8. Permissible output power for dipole antenna and dipole
T averaged over 4 cm” and 1 cm? for the four elements dipole antenna antenna array when SAR or TPD restricted to the exposure limit.
and patch antenna array.
Substrate
HeRer i *SAR (B FT LLIR AR )
(e, =2.2) == P == = ] =F).
TRDEBENER)S RRENDE LM RIS AK—ILTUTF ARIETL—TTF
& ~ 317 y p N Y -
EYDSLT—NRTH BRI b DB, ST A
R BHRET— NG T EREL cm2ORE £ R g T
o e ERT.
3RFTEHBET IV

4. D. Funahashi et al., IEEE Access, vol.6, pp. 77665-77674, 2018. DOI:10.1109/ACCESS.2018.2883733 (ICNIRP 2020IZT5| ).
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