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'NTINNAS For handheld cellutar teleplones must meel stringent elec
trical and mechanical requirements. The type of housing, for ex-
aumple, often diciates the type of anlenna design, By understanding
the key design rules and intportant anlenna-design paramelers, the
task of crealing or specifying antennas for handheld cellular telephones can

be greatly simplified.

A cellulir telephone’s antenna sup-
ports transmitter i receiver fune.
tinns, launching energy wilhin Lhe
Leansmil band while inLercepling sig-
mals wilhin the receive baml. From a
system point of view, every 1 dlf of
antenna performance varialion will
resalt. in overall syslem-performance
varintions of 2 13, Since the untenna
himdles RIY signals, the physical di-
nwicnsion o length of Uue sinlena ix
dictated by the wavelength of Lhe RE
signal, Usually, the oplimom lenglh
for efficiency is Che guarlor-wave-

length of the center Irequency [or the
band of interest. This Lype of antenna
ix calletd a monopole design (Fig. 1)
anel is relative caxy to implement as a
whip antenna on a cellular telephone.
Asaresult, this Lype of antenna is fair-
1y ubiquitous on Loday's handsels.

A quarter-wavelenglh anlenna for
the celiular frequency band (824 to
H4 M1z} has a length of approxi-
maLely 5.5 in (3.8 em). Since it is ap-
proximately three-guarters of a
wavelenglh al personal-communica-
Liuns-services (’CS) lrequencies
{1860 to 1990

Dipole

MIiz), this basic
tlesign canact as a
dual-band antenna
with slight modifi-
cutions Lo ils ge-

- emetry, The 3.5-in.
. (8.80-cm) length,
however, is too
long for some us-
crs. As a result, a
"stub” antenna
(which is also
known as helical
antenna) was de-

1. Monopole antennas, which usually operale over the

veloped. This con-

quarter wavelength of a trequoncy of interest, are simpleto figuration is noth-

implement and commonly used in cellular-telephone
handsets. A dipole is commenly lwo hall-wavelength
monopole antennas that are electrically connecled.

ing more than the
3.h-in. (8.89-cm)
lenglh wound in a
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helical-coil shape (Fig. 2) thereby
shoriening the physical length of the

antenna to approximately 1 in. (254

cm). This design can also handle dual-

cations to its geometry, As a result,
current cellular-telephone designs
incorporate both geometries. The
whip is extended through the tele-
phone housing when in use and when

it is retracted, the stub scetion is
activated.
The whip- and stub-antenna de-

. sigms do not require 4 coaxial connec-
band applications with slight modifi-

tion or a physical ground connection.

" However, they do require a spatial

ground return for proper operation,
In this case, the ground return may bhe
the cellular-telephone housing if it is
metal plated, and/or metal shiclding

within the housing, and/or the print-
ed-wiring-board (PWB) ground pat-

- tern of the Lelephone's eleclronic cir-

. euitry. The use of a ground return,

. however, causes RF ground currents
to eirculate either on the plated hous-
ing or the metal shielding or the PWB
ground plane. As a result, it is impor-
tant to note rule number one for cellu-
lar-telephone antennas—the plated
housing or shielding on the PWR be-
comes part of the antenna.

HOUSING EFFECTS

A cellular telephone’s housing con-
figuration can affect varicus antenna
parameters, including the gain pat-
tern and the voltage standing-wave

THE ANTENNA-DESIGN
TEAM MUST HAVE A
HOUSING AND PWB
BEFORE DESIGNING

AN ANTENNA FOR A
PARTICULAR CELLULAR
TELEPHGE.

ratio (VEWR). This leads to rule num-
ber 2 for cellular-telephone anten-
nas—an anlenna engineer should be
mvolved when a cellular telephone’s
housing is initially being specified or
designed,

When the housing is finally chosen
and the internal PWB is designed, it
then becomes necessary to contact an
antenna-tdesign team (an internal de-
sign team or an external vendor) to
develop prololype antennas for that
particular telephone design. Since the
housing is parl of the antenna, and the
PWBEB must have the necessary elec-
Lrical components Lo match the anten-
na's impedance to the telephone's
front-cnd circuitry, it is important
that the antenna-design team gets
involved with dexigning the housing
and PWE together, They must be
able to consider the interactions
among these different telephone com-
ponents. A prototype antenna design
cannot start until {the housing, the
PWR, and the shiclding details are
known. This leads to rule number 3
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for cellular-telephone antennas—the
antenna-design team must have a
housing and PWE before designing
an antenna for o particular cellular
telephone. The housing (including the
shielding) does not have to be a final
design, but should be faivly close to
the final design.

A cellular-handset antenna’s me-
chanical requirements, aside from size,
include the ability to pass a serics of
environmental stress tests, such as
drop tests and thermal cycling tests.
An antenna’s mechanical stability
should be tested at the prototype
stage, when some of the components
inside the housing, such as the keypad,
battery, and internal cireuitry, may
not have been finalized. Ior drop test-
ing, it may be necessury to simulate
the {inal weight of the telephone by
placing dummy weight inside Lthe
housing. In this way, the telephone
with antenna attached will uchieve the
proper force when striking the floor.

FUTURE TRENDS

Modern whip or stub antennas are
external, mounted on the outside of
the telephone housing. There have
been considlerable efforts to design
anlennas that would be within the
housing. Although external anlennas
still dominate handheld terminal ap-
plications, ipternal antenna concepts
are drawing more and more attention
from cellular-hiandset designoers,
There e mainly two reasons for the
interest in internal antennas., One is
that industrial-design studies have
shown that to some users, external
antennag may appear to e obtrusive
ot not aesthetically pleasing to the
eye. The other, probably more impwn-
tant, regards the KM interaetions be-
tween the handsel antenna, the tele-
phone housing, anc the user. Since
there is limited space inside the hous-
ing, designh approaches for internal
antennas tend to be planar in nature,
Such designs are essentially printed
types (Fig. 3), consisting of either o
rudlianting pateh or o meanders-line
radiator.

Although there is a great deul of
interest in the patch antenna, narrow
bandwidth and large size limil its use
for handheld applications. The band-
wiitlths of cellular (824-to-894-MH:z)
and PCS {1850-to-1990- M Hz) systents

are 3,15 and 7.3 percent, respectively.
The tractitional patch antenna has a
bandwidth of less than 4 percent. The
size of a pateh antennais pruportional
Lo the wavelength of its operating [re-
quency—as Lhe frequency of opora-
tiom decrcases, the size of the pateh
increases. This makes il even more
difficult to use a paleh antenna for
tlual-band operation, Nonetheless,
pateh antennas or modifications of
this type ave still eonsidered to be the
one of the most-promising cndidutes
forinternal handset applications, New
configurations and new materials are
being developed to improve the per-
formance of patch antennuas to those
levels required for cellular-hantdset
applieations.

WITH ANY NEW ANTENNA
DESIGN, IT IS IMPORTANT |

. TOASKCERTAN |
| QUESTIONS TO DETERMINE |
IF THAT TECHNOLOGY

CAN MEET THE
REQUIREMENTS OF
CELLULAR-PHONE
HANDSETS.

A meander-line antenna consists of
printed traces on a cireuit board,
These traces can be inmany dilferent
patterns, such as zig-zag, spiral, ran-
dom, ot broadside coupled Lraces in
multiple lavers of dielecbric material,
The performance of Lhis Lype of an-
Lenna e be degraded by elose prox-
imilty to metal stroctures such as
shiclds or PWI ground planes, Any
antenna mounted inside a cellular-
telephone housing means that the
housing =l cannol e metallic plat-
ed, at Jeust near the aperture of the
antenni, =0 any shiclding would have
Lo lake plice over the RIT eireuitry on
Lthe PWIL.

These printed antennas, in general,
do not perlorm as well as external
antennas in terms of uniform gain and
smnidirectional radintion patlerns.
This niy not be Loo tnuch o a probilem
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sinee the standard whip antenna’s
pattern is distorted when the tele-
phone is held to the ear because the
user alfects the antenna pattern. In
fact, the directional radiation pattern
is one printed-antenna property that
antenni desigmers want to use to iso-
Tule the loading effects of the user.

- However, any antenna must be care-

fully designed in order Lo obtain the
witlest possible coverage angle with
the minimum human loading effects.

With uny new antenna design it is
important tw ask certain questions to
tetermine if that technology can
maet the requirements of cellular-
phone handscts. These questions for
new untenna designs are as follows:

1. What is the operating frequency
band and bandwidth of the antenna?
In the US, two frequency bands are
allocated Lo cellular-telephone ser-
vice—the 824-L0-894-MHz band for
cellular users and the 1850-to-1080-
MHz range for PCS users, A single-
band antenna works in one range or
the other, while a dual-band antenna
operates over both ranges. All anten-
nas have an eperating frequency
bandwidth characteristic. Typically,
high-gain antennas have narrow
bandwidths while low-gain antennas
have wide bandwidths. This band-
width parameter is sometimes nol
specifie] by vendors on new designs
for handheld applications. This band-
widlh parunceter is important, howev-
er, For the celtulie aml MCS bands
sinee Lhe antennas must serve receive
and transmit funetions. Somelimes
the bandwidth specification is given
us a percent bandwidth—the operat-
ingz banewidth divided by the center
frequency mulliplicd by 100, For cel-
fulir and PCS applieations, the per-
cent bandwidih is approximately 8
percent.

2, What is the gain relerred to an
isotropic anlenna? An isotropie an-
tenna (Fig, 4) is a theoretical antenna
witl an ideal spherical pattern and a
point source at the center, This theo-
retical antennya is considered as a
standwnd reference of comparison for
other antennas. If an antenna has a
gain of 2 4B compare to an isotropic
antenng, its gain is then given as 2
dBi. Since practical antennas do not
exhibit perfect spherical patterns, it
is important to find out where the
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2. A variety of different external-antenna designs are used
in cellular handsets, including monopole, helix, and dipole
antennas, as well as designs that combine monopote and
helix structures. Recently, interest has grown in printed

antennas for internal mounting.

il gain has been measured inits paltern

.Llhu]}::. Becauze the pattern is three
dimensional, two angles are given to
locate where the gain is specified,
Sometimes the average gain is speci-
fied, which ig an integrated value

over the entire radiation patlern, 1f

the pattern has deep nulls, average
gain data may be misleading sinee
the peaks and nalls are not indicated,

3. What is the three-dimensional
shape of the antenna's radiation pat-
tern? The shape of an antenna’s radi-
ation pattern is important because it
shows whal direction the anlenna per-
forms best or where nulls (the areas of

Multilayer coupled traces

3. Antennas designed for internal mounting in a cellular-
handset design are essentially printed types consisting of

either a radialing patch or a meander-line radiator.

it can be implemented inside Lhe kous-
ing o near the PWE. In some cases,
new designs for planar or printed
antennas espouse certain electrical
characteristics without mentioning
size or how the device must be mount-
cid. In addition, it is important to find
out il the anlenna can be mounted
near any metal or ground points wilh-
ol any effect= on its performance.

6. What is the manufacturability of
the antenna? This is an important
reqguirement ginece a particular
antenna design must be supported by
aulomaled assembly equipment for
high-speed, high-volume production.

7. Whal is the cost of the antenna?
This is one of the most important
questions since its answer deter-
mines in part how the antenna im-
pacts the profitability of a cellular-
handsel design,

8. What are the mechanical proper-
ties of the antenna in terms of a par-
ticular cellular handset’s specifica-
tions? This question must be
answered early in the design of the
antenna, since it may be related to the
housing design. The internal-antenna-
design team or external-vendor sup-
plier must perform drop tests as soon
as possible. It is not necessary for the
internal-design team or ven-

minimum performance)
Beeur.
4. What 15 the VEWHR

across the operating {re-
quency band{s)? This param-
eter determines the electri-
eal impedance mateh across
the total band of operation. It
is important to know this
parameler since the perfor-
Hular tele-
phone’s transmit (power)
amplifier depends upon how
well its output cireuitry is
impedance matched to Lhe
antenna for maximum power
transfer.

5. What is the physical
astructure of the anienna?

dor to have an electrical
working model, but they
should choose the right plas-
tic and wire for the antenna
to survive the drop test and
other environmental specifi-

Lemperature changes,

Point source

specifiers sort through the
many claims of antenna ven-
dars for performance and re-
liability. In general, if an an-
tenna manufacturer cannot

The physical details of an
antenna are important in

4. Used as a reference, an isotropic antenna is a
theoretical contiguration with an ideal spharical pattern

order to understand whether and a point source at the center.

rameters 4as pain, VSWR, or
bandwidth, that antenna de-
sipgn will not suit ceilular or
PCS applications, e»

. - |
cations such as operational
These questions are im- |

portant in searching for new |
antenna designs, They help |

supply hard data for such pa- |
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