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I.SUMMARY 

This paper compares the results of r~ent measure
ments at 800-900 MHz of electromagnetic energy 
deposition in simulated portable radio operators with 
results previously obtained at 450 MHz1• The antenna 
med with the 800-900 MHz radio .is a sleeve dipole, which 
11 ,approximately the same size ,as· a resonant whip of a 450 
Miu portable transmitter. The mechanisms of power 
deposition .in flat slabt of biological tissue at the two 
different -frequencies 1how some similarity, although 
there is higher power density deposition (mW/cm3) at 
800-900 MHz for equal power flow into the tissue 
(JnW/cl'J\z). The reason for this phenomenon resides in the 
fact that at the h,igherfrequencies, the E.M. energy tends 
to be absorbed in the superficial layers of the tissue. The 
power deposition measurements at 800-900 MHz in a 
phantom with human features have shown the presence 
of a slight focusing of RF energy by the shape of the 
frontal surfaces of the human head. This focusing was not 
detected at 450 MHz and-causes deeper energy deposition 
in the simulated brain tissue at 800-900 MHz than at 450 
MHz. ' 

II. INTRODUCTION 

The availability of 800-900 MHz bands for personal 
communication has caused development of portable 
tranimitters operating at these frequencies. The new 
bands are closer to the frequencies normally used for 
medical diathermy (915 MHz and 2450 MHz) than are the 
bands of traditional personal communication equipment 
(450 MHz, 150 MHz and lower bands). 

Since electromagnetic energy at diathermy frequencies 
is well known to penetrate efficiently into the deep layers 
of human tissue, there is the possibility that portable 
transmitters at 800-900 · MHz may deposit, into their 
operators, more energy in deeper vital organs than at 
lower frequencies. This possibility has prompted a 
research project at Motorola to experimentally determine 
the power deposition in simulated biological tissue 
exposed to portable transmitters the same way as 
operators normally are. In order to point out any differ
ences between the power deposit.ion mechanisms at 450 
MHz and 800-900 MH,., tests haw bt•en pt>rformed with 
the s,1mt• pcndr.1ti11~ pllWl'r dcmi.til'S .11 thl' twodiffert'nt 
bands and SJmt~ tr.insmitll'r powi•r. 

\ 

1 

This paper summarizes the results of the investigation 
and compares them with measured values of power 
deposition in similar conditions at 450 MHz. The experi
mental results will be presented in greater detail in a 
forthcoming paper2. 

III. PHANTOM OPERATORS AND 
PORTABLE TRANSMITTERS 

The experimental method and the procedures to 
measure the energy coupled from the portable radio into 
the '~phantom" model• of the operator have been 
described in previous paperst, J. A flat, double layered 
phantom completely analogous to the one used at 450 
MHz 1 has been employed for tests ·in the 800-900 MHz 
band. This simple structure is used. tojnvestigate the 
energy deposition mechanism without the c1dded 
complication of curved surfaces of incidence, The 
simulation of a human radio operator is.acco"'plished by 
the means of a more sophisticated "dummy" model. The 
phantom is shown in Figure 1 and consi1ts ofareal human 
skull with its first seven cervical vertebrae supported by a 
shell of simulated bone materialt. The skull is · · 
brachycephalic (cranial index = 86) with a . maximum 
diameter of over 8 inches. The skull and the top two 
inches of the supporting structure simulating the neck 
and the shoulders of the operator are covered by a thin 
( (1 mm) layer of low dielectric epoxy. The skull and the 
supporting structure are filled with simulated brain 
tissue, which is an identical preparation at 450 and 900 
MHz. This phantom model approximates very accurately 
the geometry of that part of the human anatomy, which is 
closest to the radio. The additional sophistication of the 
900 MHz "dummy" operator as compared with the 450 
MHz model 1 is required by the decrease in wavelength of 
the incident energy. Figure 2 shows a close-up of the head 
phantom before filling with brain simulating material. 
The picture gives a good representation of the method 
used to seal the skull. 

The 450 MHz tests were performed using a 6W radio 
with a resonant whip antenna, .1pproximately 6.5 inches 
long. The measurements at 800-900 MHz were carried 
out employing an experimental radio with a sleeve dipole 
about 6 inches long, ff'd .1nd supportt>d by a 2" Ion~ section 
of coaxial l,1blf•. Thi:' sill:' of th,· r.1dio r.1s(• b th,• !i,lfllt' ,it 
45(.) Ml lz .111d ,ti t\Oll <ILl() Ml It. lwu sl'ril''i of tt,!,t:; w,·n· 
perfornll.'J. At ~<,O Ml 11., th1.· port.il.,lc tr.rns111itter w,1~ 



operated with 5 W power and purposely mismatched to 
the antenna so that equal power was deposited in the flat 

-phantom at 860 MHz and at 450 MHz. For this reason the 
effective power radiated by the sleeve dipole·at 860 MHz 
was somewhat less than the nominal transmitter power 
of SW. The other groups of measurements were executed 
at 840 MHz with the portable matched for maximum 
radiation in normal operating conditions. At 840 MHz, 
the radiating transmitter power was 6W. 

IV. EXPERIMENT AL RESULTS AT 800-900 MHz. 
COMPARISON WITH _450 MHz 

A great number of experimental data on the power 
deposition in simulated biological tissue were collected at 
800-900 MHz. Only the most significant results, in terms 
of difference from 4S0 MHz measurements, will be 
presented in this paper. 

All data shown hereafter were collected by measuring 
the temperature increase in the simulated human tissue 
following one minute exposure to the portable 
transmitters. 

IV.I Energy Deposition in Flat Phantoms 

Fig. 3-4 show the temperature p;ofiles d~tected in the 
phantom at the spot closest to the feed point ofthe sleeve 
dipole at 860 MHz and at 840 MHz for .35" distance 
between antenna and "dummy". Fig. S plots the 
temperature increases measured for the same distance at 
450 MHz at a point near the base of the whip antenna. 

Comparing Fig. 3 and 5, one can see that the power 
density deposited (mW/cm2) in the muscle tissue, given by 

· the area under the two curves, is approximately the same. 
In these conditions, the power penetration is deeper at 
4S0 MHz than at 860 MHz, but at the higher frequency, 
there is a higher Specific Absorbed Rate (SAR in mW/g') 
in the muscle tissue closer to the antenna. The increase in 
SAR is of about 12%, if measured from the maximum 
temperature incre~se of the surfa~e layers of muscle. The 
value of 12% may be a slight underestimate of the increase 

· in SAR, because of the different heat exchange across the 
fat-muscle interface at 860 MHz and 450 MHz. The· 
power deposited in the surface fatty layers is higher at 860 
MHz than at the lower frequency, because .the large 
diameter section of the sleeve dipole is closer to the 
phantom than .35 inches, as can be seen from the sketch of 
Fig. 6. 

If the radiated power is kept constant, then the 
penetrating power density is much larger at 800-900 MHz 
than at 4S0 MHz for the same distance between'' dummy" 
and antenna, as can be seen from ,figures 4 and 5. In this 
case, the Increase in SAR is more than 60% at 840 MHz 
over that at 450 MHz, if measur~d by the difference of 
maximum temperature increase at the surface layers of 
the muscle tissue. Due to the substantial temperature 
gradient across the fat-muscle boundary at 840 MHz, the 
increase in SAR may be bette·r estimated by comparing the 
temperature increases at about ,25;' inside the muscle 
tissue. In this case, the SAR is ,,bout 75% greater at 840 
MHz than at 450 MHz although this too coulJ be a slight 
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underestimate. The reason for the large increase in power 
deposited is obvious. At 450 MHz, the radiating structure 
is composed of the resonant whip and the radio case for a 
total length of about 12.5 inches, while at 840 MHz, the 
antenna is only 6 inches long. At a distance very close to 
the source (like 0.35 inches), for equal radiated power, one 
can expect the power density at 840 MHz to be ,1bout 
twice the value at 450 MHz. Since the reflectiv1• 
properties of tissue do not change much between 450 
MHz and 900 MHz 4, one can reasonably expect nearly a 
two-to-one difference in penetrating power density 
(mW/cm2) between the two frequencies, Experimental 
data seem to confirm this deposition mechanism. A reason 
why the power deposition at 840 MHz is not quite twice 
the depo.sition at 450 MHz may be that the 840 MHz radio 
case is not perfectly isolated by the sleeve and does radiate 
a fraction of the total power. This energy would give 
practically no contribution to the temperature increases 
in this experiment. This rationalization for the 
differences in power deposition between 4S0 MHz and 
800-900 MHz is valid only near the feed point of the 
antennas, where the electromagnetic field is of· low 
impedance and presents a well organized ph,1se front 
(TEM propagation) even very close to the source At other 
points along the antenna, this line of reasoning Joes not 
apply, as will be seen shortly. 

Figures 6, 7 and 8 show the penetrating power density 
along the antenna axes for .0.35 inch distanre bt:twt•en 
radiators and "dummies" at 860 MHz, 840 MHz ,rnd 450 
MHz, respectively. Comparing figures 6 and 8, one can 
see that only near the feed points the penetrating power 
densities are approximately equal. Near the tip of both 
antennas, where the power deposition is mainly in tht' 
s.urface fatty layers u, there is more deposition ,1t 450 
MHz than at 860 MHz. This result is not surprising Since 
the antenna has been mismatched to the transmitter and· 
the transmitter has lower power there is less current 
flowing in the radiator at 860 MHz than at 450 MHz, so 
there is less charge accumulation at the tip of the sleeve 
antenna than at the tip of the resonant whip. These 
charges, in turn, generate the static-like fields, ~vhich 
deposit energy in the surface fatty layers 1,J. 

More interesting is the comparison of the results uf 
figures 7 and .8. A_s can be seen, the penetrating power 
density at the feed point at 840 MHz is about 65'':, h ighl' r 
than near the base of the 450 MHl resonant whip. This 
difference can be explained in terms of a Jifferent 
localized power density, as pointed out earlier in the text. 
The interesting feature of figures 7 and 8 is that the 
penetrating power densities at the tip of both antennas is 
about equal. The results can be explained as follows. The E 
field normal to the surface (which deposits most of the 
power in the fatty tissue . near the tip) has a value 
proportional to the charge density on the antenna, which 
is equal at both frequencies. It is not difficult to show that 
the charge density at the tip of a dipole radiator is the same 
at 450 MHz and at 900 MHz. From the current continuity 
equation, we have: · 

. - '¥t- = V · J (1> 

where p is the ch.irge density (coulomb/m') and I is the 
1.:urrent density vector. The vedor 11.:an be expressed, in J 
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firstapprox1matior\'; by the product of an amplitude vector 
A and a scalar function of the product of the coordinate 
along the antenna axis times the propagation constant 
k = 2 TT/).. So 

I = Bf (kx) (2) 
I -jCAJt 
j Inserting (2) in (1) and assuming e time 
1 dependence, we have: 
1 p = - j ~ 1f {(kx) ::. -j it- ((kx) (3) 

where c is the propagation velocity of light in fr~e space. 
Since the values of f'(kx) are frequency in~ependent 

.• (because the antenna length is wavelength depend~nt),p 

. is ttequency independent. · 

Equation 3 shows that although there is an increase of 
current density with frequency, the time to accumulate 

· charges decreases. So, at distances much smaller than a 
wavelength, the power deposition in biological tissue near 

· the tip of a dipole-type antenna c;an remain constant over 
a substantial frequency range, while, near the feed point, 
it increases with frequency. The discussion of the power 
deposition near the tip was carried out in some detail to 
show that, near an antenna, the energy penetration 
mechanism can vary drastically within a few inches, even 
in the center of a flat simple slab of biological tissue. This 
would not be true in the far field, with plane incident 
waves. Fig. 9 and 10 show the penetrating power densities 
along the antenna axes at 450 MHz and 840 MHz for 2 
inch spacing between radiators. and phantoms. In both 
figures, the peak penetrating power densities are much 
smaller (by a factor of 9) than in Fig. 7-8, showing that the 
energy propagation mechanism is the same. The 
attenuation with distance is neither linear (cylindrical 
wave) nor quadratic (spherical wave). The power 
dt!P0sition at the antenna tip is different in fig. 9 and 10. 
Tile penetrating power density a~ 840 MHz· is about half 
of that at 450 MHz. The difference is due to the fact t.hat 
the static fields near the tip•of the antenna attenuate more 
With distance at the higher thai;t~t the lower frequency. 

It ls not possible to perform reliable deposition 
m-,asurements along the axis of the antenna at 860 MHz 
for 2 inch distance, except around the feed point because 

· elsewhere the temperature increases were too small. 
. • .. ...,... l 

IV. 2 Head Phantoms 

Figure 11 and 12 · present the temperature increases 
detected at the location in the eye closest to the c1ntenna 
and on the frontal point labelled number 2 in fig'. 13 and 
Fig. 14. In the 840 MHz phantom, this point is.1.5 inches 
above the superciliary arch, while in the 450 MHz 
dummy, it is located 2 inches above the arch. Both 
locitions a're on the frontal lobe closest to 'the antenna. : 

·The eye is exposed to stronger ·penetrating fields at 450 
MHz from the base of the whip antenna than at 840 MHz 
at the base of the sleeve dipole. On the basis of the 

• measurements performed on ·the flat phantoms, these 
results are not surprising. Worthy of notice is the factthat 
the energy penetrating the eye does not fall off with depth 
like the energy in the flat phantoms. In both cases of Fig. 
11 and 12, the power penetrates deeper than predicted by 
the exponential laws of Fig. 4 and 5. 
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The p·ower deposition profile at the frontal location 
number 2 at 840 MHz is very interesting. The 

. temperature increase is· plotted vs. penetration in the 
direction of the local normal to the bone surface. What is 

· interesting is the fact that the maximum power deposition 
does not occur immediately below the bone-brain 
interface, but about 2.5 cm (1 inch) under the surf ace of 
the skull. A simple wz.y to explain the phenomenon is to 
theorize that the curvature of the frontal lobe causes 

.focusing of the electromagnetic energy. Given the 
curvature of the skull, ·simple ray tracing confirms this 
hypothesis. No particularly interesting feature is 

. presented by the plot of fig. 12 for the energy penetration 
at the temporal lobe. Comparing fig. 11 and 12, it is clear 
that the antenna at 840 MHz is capable of depositir.g 
power deeper in the cerebral cortex although the surface 
layers of the cortex are more exposed at 450 MHz. Given 
the curvature of the skull, it is impossible to determine 
power flow (mW/cm2) at the surface ofthe phantom as 

was the case for the flat '.'dummies". The presence of a 
"hot spot" in the head at about 900 MHz should not be 
surprising. Other authors s.0 have found peaks of 
absorbed energy inside a 7 cm sphere at 918 MHz. 

Figures 13 and 14 plot the maximum temperature 
increases detected after a one minute exposure at the 
various locations indicated. The temperature 
measurements deep inside the head phantom were 
performed by inserting the probe along the local norm.ii 
to the "dummy" face. In Figure 13, the maximum 
temperature increase at the eyeball location was 
measured at the surface, as shown by the profile of Figure 
11. At the three locations on the frontal bone, all tht• 
maximum temperatures were detected at the same 
general area of the simulated brain tissue. The presence ot 
an "absorption peak" or a "hot spot" is indicated.. . 

The maximum temperature increases in Figure 14 were 
measured at the surface for the eye ball and the frontal 
points 2, 3 and 4. At frontal location 1 and at the 
superciliary arch, the peaks of absorption were detected 
just below the bone-brain interface. From the measured 
data, it is clear that no great difference exists between the · 
maximum SAR's in brain tissue at 4S0 MHz and 800-900 
MHz, provided that the radio is used as shown in Figures 
13-14. Although the SAR's are about the same, at the 
higher frequencies the absorption peaks are deeper in the 
cerebral cortex . 

•··'· I 

v~ CONctUSION 

The comparison between the power deposited in 
simulated operators of portable radio• at 450. MHz has 
brought to light some interesting features of the elec:tro
magnetic power deposition mechanisms in the near field. 
Collapsing the radiator size from about 13 inches (sleeve 
dipole) has caused approximately a 70% increase of power 
density at the feed point of the 840 MHz antenna over the 
power density available at the base of a 450 MHz whip. 
Strictly from geometric consideration one would expect a 
doubling of the power density. This result was not found, 
probably because the sleeve does not completely decouple 
the radio case, which radiates a certain amount of the 
transmitter power. The increased power density is not 
available ~verywhere along the antenna, but only at the 
feed point. At the tip of the radiator, the deposited power 
density at close distance has b~en found to be identical at 



4S0 MHz and 800-900 MHz. So the near doubling of the 
· incident power density for close exposures happens only 
· in a small area around the feed point of the sleeve antenna. 
and not everywhere along the radiator. It should be 
mentioned that the radiating structure used in these. 
experiments presents a predicted worst case of power 
density. The sleeve dipole concentrates more power 
density than a res~:mant whip (about 3 inches long) at 800 
MHz-900 MHz, because with the latter antenna, more 
radiation emerges from the radio -case (about half 
wavelength long) than from the short whip. In other 
words, this particular portable, with the whip, radiates 
like an off-center fed, ¾ A long asymmetric dipole. 

" ' 

The tests on the skull phantom have shown that the 450 · 
MHz whip exposes the eye to more intense penetrating 

fields· than the 800-900 MHz sleeve dipole. The higher · 
frequency exposure, however, produces a "hot spot" at 

, about l inch depth in the skull. The maximum SAR in the 
simulated cerebral tissue caused bv the two antennas is 
approximately the same (about 2.5 mW/g), although the_ 
absorption happens at different depths. . 

In conclusion, we can say that, if the radios are properly 
held as in Figs. 13-14, there is essentially no difference 
between the levels of exposure of any vital organ in the 
head of the user at the two frequency bands concerning 
this paper. The only exception is the eye of the operator 
closer to the antenna, which is less exposed at 800-900 
MHz than at 450 MHz for the type of radiators used in 
these experiments. 
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