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Human Proximity Effects on Circular
Polarized Handset Antennas In
Personal Satellite Communications
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Abstract—Satellite-based systems are the next step in mo- The majority of the systems suggested for the global mobile
bile communications. Recently, several low and medium earth satellite communications markets fall under the “Big LEO” or
orbit mobile communication satellite systems have been pro- “Big MEO" title [1], [2]. “Big” in this classification refers to

posed and are currently being deployed. For all these systems,
high-performance circularly polarized antennas for the mobile the property that the systems would have enough power and

terminals are of importance. Although considerable material is bandwidth to provide real time high-fidelity voice and data
available on circularly polarized antennas, there is an absence of transmission capabilities. The “LEO” or “MEO” designation
information on how the human’s close proximity to the antenna refers to the satellite orbit—“LEO” meaning low earth orbit
affects the circular polarization purity of the radiated field. This and “MEO” meaning medium earth orbit. All these systems

paper presents an analysis of representative circularly polarized .
helical handset antennas. Although other physically less obtrusive US€ the L- and/or 5-band for up and down links to the

circular polarized antennas are available for the handset, the helix mobile terminal, employing circular polarization. The low and
is used because of its wide bandwidth properties and capability to medium earth orbits necessitate wide viewing angles for the
provide both circular and linear polarization. Thus, this element  ,5pile terminal to guarantee visibility of at least one satellite

could be used for handsets that are planned to work with both . . R ,
the terrestrial-based communications systems of today and the at all times due to the satellite’s motion in the user’s reference

satellite-based communication systems of tomorrow. The intent frame. Hi_gh—performance radiation and (_:ircuit Characteri_stic_s
is to characterize the effects the close proximity of a human are required of the handset antenna in order to maintain
head model has on the computed performance of the circular acceptable communication link margins. Two challenges for
polarized antenna. The method of moments (MoM) and finite- e mopile satellite communications system handset antenna

difference time-domain (FDTD) numerical techniques are used to . lude broad radiati tt ith d axial rati ;
study various helix structures on top of a small box representing 'NC!U0€ broad radiation patterns with good axial ratio perfor-

a handset. In order to be able to effectively apply FDTD, a mance and widely separated transmit and receive frequency
novel square helix structure is introduced. Results computed with bands. Additional complexity is introduced by the fact that the
these two techniques are compared to illustrate the accuracy of hgndset will be in close proximity to a human operator, which

eac_h |mplemen_tat|0n. The results indicate significant polarization can result in significant electromagnetic interactions. This
purity degradation caused by the presence of a human head. For . .
the particular geometry simulated, the presence of a head model Paper addresses the issue of coupling between the handset op-

degraded the average axial ratio within a verticle 50 cone from erator and the circular polarized handset antenna by presenting
2.9 to 9.1 dB. This significant increase in axial ratio can have numerical results for a representative antenna configuration.

profound effects on link budgets. In this work, results from the study of one candidate an-
Index Terms—Circular polarization, FDTD, helical antennas, tenna for a personal satellite transceiver handset—a thin-wire
human interactions, MoM, satellite communication. helix antenna—are detailed. Many physically less-obtrusive

circular polarized antennas have been studied for the handset
application [3], [4], but the helix antenna is considered a
o . good candidate element because it can provide wide-band
RESENTLY, sevgral_ multibillion dollar global mobile impedance performance with acceptable circular polarization
satellite communication systems are under developmefyen gperated in axial mode. An additional benefit of the helix
some of which are scheduled to be operational within @ y,a¢ 4t jower frequencies it can provide linear polarization
year's time. The intent of these satellite-based systems, ., operated in normal mode. This property could be ex-

to provide seamless worldwide communications coverag@iieq for handsets that intend to take full advantage of both
Although the development cost of these systems are very hi Qtellite and terrestrial systems coverage

the market potential for the s_ervices provided is tremend_ous.-l-he helix antenna is analyzed through a series of numerical
Th? te<_:hno|ogy needed _to implement these systems is s%ulations. A traditional circular helix mounted on a small
critical importance for their success. perfect electrical conducting box is first analyzed by method
of moments (MoM) and its circular polarization-radiation
Manuscript received April 4, 1997; revised March 5, 1998. This work wagharacteristics shown. Next, the development of a novel square
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time-domain (FDTD) code. The square helix with the beglianar conductors, thin wires, and inhomogeneous dielectrics
circular radiation performance is analyzed with both Cartesi§b6]. It has been used extensively in studying the effects
grid FDTD and MoM and those results are directly overlayetlose proximity of a human head has on the performance of
to provide a unigue comparison of these two popular full-wavweansceiver handsets for terrestrial mobile systems [17]-[21].
analysis techniques. The most common and simplest form of FDTD is based on
The effects of a human’s presence on the radiation characCartesian coordinate system discretization, which limits the
teristics of this circularly polarized antenna and the effects geometries that can be studied. FDTD based on nonuniform
radiated fields from the antenna on human tissue are presemtisdretization has been developed, but this flexibility comes at
last. This involves positioning a computational head mod#ie cost of increased complexity, increased numerical cost, and
near the handset in the FDTD computational domain, thelecreased accuracy [16]. This is especially true for geometries
calculating the resulting radiation and circuit performance. Thiat deviate significantly from uniform Cartesian grids such as
major emphasis of this paper will be to explore depolarizatidhe traditional circular helix.
of the far-field radiation caused by the head model. The
inhomogeneous head model used in these FDTD computations 1

consists of approximately 12000 Yee cells with 3.33-mm ) ) .
resolution. Although more detailed head models could haver€lix antennas are presently considered one the most practi-

been used, for the far-field polarization emphasis of this stufi§! @ntenna element for the personal satellite communications
the head model has sufficient resolution. Computed near-figiandset. This well-studied radiator can provide good circular

distributions around the antenna and head model and specﬁ)@&arization and low return loss over a considerable bandwidth.
Past research on the helix antenna, however, did not address

absorption rate (SAR) values in the head model are shown. e
the effects of a small handset or close proximity of a human
operator has on the electrical performance of the helix. These
issues are explored with the MoM and FDTD numerical

In this work, both the MoM and FDTD numerical techniquegschniques mentioned in the two following sections. Much of
are used to analyze various helix structures. These full-wayf results to be presented were calculated at 1.8 GHz. This
techniques are considerably different in origin, thus, the Ug@quency is emphasized because it falls close to the transmit

. HELICES ON HANDSET

Il. NUMERICAL TECHNIQUES

independent verification of results. satellite systems, thus providing results characteristic of both
bands.
A. MoM First, a circular helix mounted on a small handset is studied

The MoM technique [5] is a current-based integral equavith the MoM technique. Following that, results for a square
tion approach for solving Maxwell’s equations. A substantialersion of the helix are presented and it is shown that this
amount of research has been conducted on MoM and ttagliator has circuit and radiation characteristics similar to the
technique has matured into a very flexible full-wave simulatiogircular helix. The square helix was simulated with both MoM
tool [6]. The Raoet al. basis functions [7] and thin-wire ap-and FDTD. The results of the two techniques are compared
proximations [8], [9] allow considerable freedom in modelingn order to gain confidence in the computed results. Because
planar conductors and wire structures. Sophisticated combirgcthe different origins of the MoM and FDTD techniques,
electric-field and magnetic-field integral equation formulatiorgomparison of results generated with the two methods provide
have been developed [10] that can handle arbitrary threa independent verification of the simulations. The final set of
dimensional bodies. The volume integral equation approachrégults presented are simulations of the square helix antenna
modeling complex inhomogeneous dielectrics [11] has be#nclose proximity to a computation head model. These results
coupled to thin-wire modeling approaches to simulate witgere generated with the FDTD technique.
antennas near dielectric material [12], [13]. The accuracy and
modeling flexibility of this method are its significant strengthsA. Circular Helix on Handset

The disadvantage of this technique is the numerical COSt’Fig. 1 is a schematic of a helix antenna mounted on a

which grows at least as the square of the electrical size gf | yransceiver box. The radiator is a standard four-turn
the problem. This numerical cost gets prohibitively expensiye. iy [22] (diameter= 0.306), 0.001 395 wire radius, pitch

when attempting to accurately model a computation head éﬂgle: 14°) mounted on a 0.48x 0.48\ x 0.8\ conducting

close proximity to a radiator [12], [13] at frequencies Of. At 1 8 GHz, the box dimensions are 8 68 cm x 13.33
interest for the mobile satellite communication links. cm and the helix diametet 5.1 cm. Although this geometry
is large for a handset, this work did not try to determine the

B. FDTD best handset design, but intended to be a representative case

The FDTD technique is a field-based approach for solvirggudy to explore polarization-degradation issues of the mobile
Maxwell's equations in differential form with center differencesatellite communication handset antenna.
approximation in both time and space [14]. Similar to the MoM The circular helix structure described in Fig. 1 was analyzed
technique, considerable research has advanced this methokytéthe MoM. Fig. 2(a) and (b) plots the MoM-computed far-
the point where it has wide application in full-wave elecfield pattern and axial ratio, respectively. The far-field pattern
tromagnetics modeling [15]. This technique readily handlés plotted in terms of right-hand circularly polarized (RHCP)
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Fig. 1. Schematic of a standard helix (diameter 0.306A, pitch i '-280.0 -120.0 -60.0 0.0 60.0 120.0 180.0
angle = 14°, wire radius= 0.001395A) mounted on a 0.48x 0.48\ x 6 (d
0.8\ conducting box X = 16.7 cm at 1.8 GHz). (degrees)
@
and left-hand circularly polarized (LHCP) components. From 10.0 —
this plotted far-field pattern data, one can see this handset ‘.|‘-, °
radiator has fairly good circular polarization performance. In 8.0 | l| ----------
fact, within the 50 vertical cone the average axial ratio is '. """"
2.9 dB. 3 pvy T
Fig. 2(c) is a plot of the calculated return loss for the helix & 6071 !
fed by a 2009 transmission line as a function of frequency for 8
the geometry defining frequency of 1.8 GHz. The simulations g 40 ¢t
indicate approximately 70% bandwidth for this structure. For ®© ‘.‘ _______ i
the bandwidth calculation, the criterion used for an acceptable 20 ¢ \ . \,r'/’
match was a return loss equal to or greater than 10 dB. \/ L
Y

0.0 e : - .
-90.0 -60.0 -30.0 0.0 300 600 90.0
6 (degrees)

(b)

B. Square Helices on Handset

In order to analyze a version of the circular helix with a
Cartesian grid FDTD code, several square versions were simu-
lated. Fig. 3(b)—(d) represents the schematics of various square 0.0
approximations to the circular helix seen in Fig. 3(a). All the
helical structures shown in Fig. 3 have a pitch height of 8,24
a circumference of 0.9 and wire radius of 0.001 395 Of
the square helices shown in Fig. 3, the structure shown in (d) _  -10.0 }
has the performance most similar to the circular helix.

Fig. 4 illustrates the modification to the standard helix
structure shown in Fig. 3(d) mounted on a (A48 0.48\ x
0.8\ conducting box. In this square helix structure, all the
vertically orientated wire segments are QA0 length and
all the horizontally orientated wire segments are Q.24
length. This square helix structure has the advantages of easier -30.0

Z,=200Q,f =1.8 GHz

IS11{ (dB

-20.0

construction, a geometry easier to integrate with the handset, 1.0 1.5 2.0 25 3.0
and can be simulated with a Cartesian grid FDTD code. frequency (GHz)
Fig. 5(a) and (b) plots the MoM-computed far-field pattern ©

and axial ratio, respectively, for the square helix Strucu’“l’l':T‘g 2. MoM-computed electrical performance of the circular helix on a
mounted on the small conducting box, as shown in Fig. flandsetillustrated in Fig. 1. (a) Far-field pattern. (b) Axial ratio in decibels, 20
Fig. 5(c) plots the MoM-computed return loss of this structureg (major axis/minor axis). (c) Return loss when fed by a 2D@ansmission
when fed by a 2002 transmission line as a function offor @ geometry defining frequency of 1.8 GHz.

frequency if the geometry-defining frequency is set to 1.8 GHz.

The results in Fig. 5(a)-(c) can be compared with plots frequency. The average axial ratio within the= 50° verticle

Fig. 2(a)—(c) to evaluate the similarity in circuit and radiatiomone is 2.9 dB for both antennas.

performances of the square and circular helices. It can be seefhe square helix structure shown in Fig. 4 was also analyzed
that both of these structures have fairly similar characteristiagith FDTD. Fig. 6(a)—(c) provides a direct comparison of
although the square helix structure has more directivity atidle FDTD and MoM-calculated far-field pattern, axial ratio,
the well-matched impedance region is slightly downshifted nd return loss for the square helix mounted on the small



IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 46, NO. 6, JUNE 1998

—— RHCP,¢=0
10.0 ; . S [P LHCP, ¢ = 0°
------- RHCP, ¢ = 90°
soft 00 o~ LHCP, ¢ = 90°
0.0 by o~
; 50 F N ]
5 -100 } ]
450 | VA :
_20 0 1 S g
(b)
. . —
(d)

directivity (dB)

2180.0 -120.0 -60.0 0.0 60.0 120.0 180.0
0 (degrees)

@

10.0 —

8.0 |

e
-
= L

6.0

40 t

axial ratio (dB)

20|

0.0

@
© -90.0 -60.0 -30.0 0.0 30.0 60.0 90.0
c

6 (degrees)
Fig. 3. Four turn helices modeled. (a) Standard circular. (b), (c), and (d)

Various square versions. Case (d) has been demonstrated to have performance ()
similar to case (a).
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Fig. 4. Schematic of the square helix (perimetee 0.96A, pitch f
angle = 14°, wire radius= 0.001395\) mounted on a 0.48x 0.48\ x requency (GHz)

0.8\ conducting box. (c)

. ig. 5. MoM-computed electrical performance of the square helix on a
conducting box. It can be seen from these plots that tE P P q

. ) dset illustrated in Fig. 4. (a) Far-field pattern. (b) Axial ratio. (c) Return
FDTD and MoM computations of the square helix on the smatlss when fed by a 200> transmission with a geometry defining frequency

conducting box compare very well, especially the pattern. fj 1.8 GHz.
the MoM simulations, 0.08 subsectioning of the box and

0.04\ subsectioning of the wire were used. In the FDT[Rpresence has on the radiation characteristics of the terrestrial
computations, a uniform grid size of 0.82vas applied. personal communication system transceiver at 915 MHz. To

construct that head model, a grid with a 6.56-mm spatial
IV. BIOLOGICAL TISSUE MODELING

resolution was placed on cross-sectional images of the head
In [17], a computational head model was included in thebtained from an anatomy atlas [23]. Each cell in the grid

FDTD simulations in order to ascertain the impact the usengas then assigned a permittivity and conductivity classification
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—— FDTD, RHCP TABLE |
FDTD. LHCP MATERIAL ELECTRICAL CHARACTERISTICS OF THE
10.0 o MOM,’RHCP CoMPUTATIONAL HEAD MoODEL AT 1.8 GHz [24]
$=0° — ———- MOM, LHCP tissue | Permittivity | Conductivity (S/m)
5.0 > Bone 8.0 0.15
Skin 32.0 0.57
—_ 0.0 Muscle 56.0 1.76
m
o Brain 53.0 1.58
2 _5.0 Humour 74.0 2.27
2 Lens 42.0 1.19
2 Cornea 51.0 2.29
T 100}
-15.0 } | o TR
{1 .
\ ! \ e
\ / \
-2 L \

3
£
2

0.0 H N N " "
-180.0 -120.0 -60.0 0.0 60.0 120.0 180.0

0 (degrees) %g?ﬁ Bo.ne
@) ﬁ@igg Skin
ot Muscle
10.0 Biae Brain
o - Lens
6=0
8.0
=
E 60}
i)
o
T 40} Fig. 7. Mid-sagittal view of the computational head model.
3
20 | the same structure and approximate head size were used, the
electrical parameters of the head model were changed to those
0.0 . . . 4 . of head tissue at 1.8 GHz [24], as shown in Table |. The FDTD
-900 -600 -30.0 00 300 600 900 grid size used in the included computations was 3.33 mm,
6 (degress) which resulted in a head model of approximately 12000 Yee
(b) cells. More detailed head models have been used in FDTD
0.0 simulations [18]-[21], but it is believed that the finer head
detail would cause only small changes to the computed antenna
impedance, far-field pattern, and total power-loss calculations
[18]-[20].
. -100} In this work, the operator’s hand was not included. Because
Q the hand does not cover (nor would be positioned close to
= the antenna element), its effect on the antenna’s performance
0 should be minimal [17].
-20.0
A. Square Helix/Handset Near-Computational Head Model
Fig. 8(a) illustrates the computational head model posi-
-30.0 ] . tioned near the transceiver handset shown in Fig. 4. The
frequency (GHz) frequency of interest is 1.8 GHz, which fixes the FDTD grid
© size of 0.02 to 3.33 mm and the size of the transceiver box to

_ 8 cmx 8 cmx 13.33 cm. In the computations performed, the
Fig. 6. Overlays of FDTD and MoM-computed results for the square hel

structure on the handset illustrated in Fig. 4. (a) Far-field pattern. (b) Axi Fr’mdset and head model We_re s_paced two cells apart. Fig. 8(b)
ratio. (c) Return loss when fed by a 20Dtransmission line for a geometry and (C) represents schematics in ghe andz-z cuts of the

defining frequency of 1.8 GHz. exact geometry ana'yzed.
Fig. 9(a) and (b) represents overlays of the far-field pattern

corresponding to the type of tissue, which filled the majoritgnd axial ratio results in theg = 0° cut for the square
of the cell. Fig. 7 illustrate a mid-sagittal cross section of thigelix with and without the computational head model present.
head model. Fig. 9(c) is an overlay of the computed return loss when fed

In this work, a similar computational head model was usday a 200£2 transmission line with and without the head model
to help in the characterization of the personal satellite comresent. It can be seen in Fig. 9(a) that there are noticeable
munication transceiver in close proximity to a user. Althougdistortions to the computed far-field pattern due to the presence
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of the head model. This, in particular, manifests itself in the 0.0
poorer axial ratio performance, as seen in Fig. 9(b). In fact, '
the average axial ratio within the= 50° cone for the square
helix antenna on the handset is 2.9 dB as compared to the 9.1
dB when in close proximity to the computational head model.
It is also of interest to note that the computed return loss sho@s
only slight changes due to the presences of the computational
head. This fact indicates there is only small direct coupling
between the antenna and the head model, and that most of -20.0 |
the distortion to the far-field pattern is caused by secondary
scattering from the head model.

The computations indicate approximately 13% of the total
delivered power is dissipated in the head model, which is con-
siderably less than the losses reported in [17]. The decrease in
power dissipated in the head model for these simulations when ©
compared to those for the terrestrial personal communication

handset is mainly attributed to the greater distance between 9. FDTD computed results for the square helix structure with and

out the computational head model present. (a) Far-field pattern at 1.8 GHz.
head model and the antenna element. In [17], the Separat{&mmal ratio at 1.8 GHz. (c) Return loss when fed by a Z0@ransmission

between the handset antenna and head was approximatelipe2Within theé = 50° cone, the average axial ratio raised from 2.9 to 9.1

cm, whereas in the computations presented in this work tfg due to the presence of the computation head model.

separation is approximately 4 cm in addition to the fact the

radiating element itself is considerable larger, distributing thee plots of the computed electric field in the: plane through

radiated power over a larger area. the exact middle of the handset (see Fig. 4). From Fig. 10(a)
Fig. 10(a) and (b) shows the computed electric field distriband (b), one can see the perturbations of the fields caused by

tion in the vicinity of the handset—(a) without and (b) with thehe head’s presence. In both figures, the strong electric fields

head model present in the computational domain. Both figuraund the radiating wire element are clearly illustrated by

Z,=200Q,f =1.8GHz

100 }

Handset

------- Head + Handset

1.0 1.5 2.0 2.5 3.0
frequency (GHz)
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the alternating stair-step circular regions of high-field values.
The wire segments further from the feed point, in general, have
lower fields surrounding them (as expected) and the field levels
are seen to decrease as a function of distance from the wire
segments. In Fig. 10(b), the shadowing of the head is visible
by the considerably lower field values in the lower left region
of the plot when compared to the plot in Fig. 10(a). In addition,
the field values in the computational head model are seen to
be strongest in the region closest to the radiating element and
decrease as they penetrate the head. It is interesting to note
the minimal distortion of the field distribution around the wire
element caused by the computational head model. This fact
illustrates why only small changes are seen in the computed
match of the antenna between simulations with and without x (cm)
the head model. This also reconfirms the conclusion that the @)
considerable changes to the far-field radiated pattern caused
by the presence of the computation head are more a result 35
of secondary scattering from the head as opposed to direct
coupling between the head and radiating element.

SAR is a measure of the power absorbed per unit mass of 25
tissue. This quantity is defined as

z (cm)

10 15 20 25 30

z (cm)
o
S

SAR= - |E|? 1)
2p

where p is the material density and is the material con-
ductivity. Fig. 11 is a contour plot of the computed SAR 5
(for 1-W delivered power) averaged over 1 gm of tissue in
the computational head model for this case [17]. Note the ” " o5 50
predicted SAR distribution in the head decreases with distance
from the radiating element, a direct result of the field strength x (em)
decaying with penetration depth. (b)

One obvious way to reduce the interaction between any
handset antenna and the operator is to deploy the elements

further away from the operator..As the interaction betyveep 40 20 0 90 40 60
the antenna and the operator is reduced, less polarization
degradation will be experienced. Because of the extended size 10 log(| E| *2/Pdel)

of the helix antenna, it inherently exhibits less interactiofig. 10. FDTD computed fields in the vicinity of the handset. (a) Without

! . ... computational domain. From these normalized plots, the peak electric field
erator’s presence would be expected to have more s'gmf'c%{ﬂe can be determined. For example, for 1-W delivered power the 5-dB
performance impact. To minimize these impacts, it would entour is the locus of points where the peak electric field is 1.8 V/m.
advisable to deploy the element as far away from the operator

as possible. grid FDTD technique to the simulation of the helix on the

handset. For the square helix, results generated with both
the MoM and FDTD techniques are directly compared and
In this paper, the standard circular helix antenna and a nevaygood correlation is observed. This fact yields confidence in
introduced square version of the circular helix were studiéde modeling capabilities of each due to the diverse origin of
for application to the personal mobile satellite communicatidhe MoM and FDTD techniques.
handset. This work employed the MoM and FDTD numerical Finally, using FDTD the square helix was simulated near
techniques and the simulations included the effects of mouat-model of a human head. The results indicate the presence
ing the helix on a small conducting box and the close proximityf the head model has considerable impact on the circular
of a human head. The focus was to study the handset antepakarization-radiation purity of the helix, increasing the aver-
circular polarization degradation caused by the close proximige axial ratio within the 50vertical cone from 2.9 to 9.1
of the operator’s head, which would have significant impactf8. This increase in axial ratio is significant enough to affect
on any satellite communication system design. The helix wdge overall system link budget. Most of this increase can be
selected as a representative circular polarized antenna.  attributed to secondary scattering from the head as opposed to
One significant result shown is the similarity in computedirect coupling between the head and the radiating element.
performance between a traditional circular helix and a squarhis conclusion is supported by the fact the presence of the
version thereof. This result facilitated applying the Cartesidread model has minimal impact on the computed impedance

V. CONCLUSION



820

(9

[10]

(11]

z (cm)

[12]

(13]

x (cm) [14]

[15]

-60 [16]

-40

-20 0

10 log(SAR/Pdel) [17]

Fig. 11. Computed normalized SAR for the case of the square helix on the
handset next to the head model. For 1-W delivered power-tt@dB contour  [18]
is the locus of points where the SAR is 0.1 mWI/g.

[19]
behavior. The results shown are applicable to other circular
polarized antennas for the mobile satellite, although for smaller
radiators, closer to the head, the coupling between the circujzn
polarized antenna and the human head will be stronger and
the polarization degradation even more severe. Clearly, one
simple method to maintain high circular polarization purity i$21]
to deploy the antenna as far away from the head as possible.
Other methods to reduce the polarization degradation caused
by the operator's head are currently under study. [22]

[23]
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