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Abstract—A novel dual-frequency strip-sleeve monopole an- z
tenna for use on a laptop computer is described. The antenna
operates simultaneously in the 0.824-0.894 GHz and 1.85-1.99
GHz bands of the AMPS and the PCS systems with return- Screen
loss less than—9.5 dB. Effects of several antenna and computer x

~- 12
/\
parameters on the input impedance, radiation pattern, and di-

rectivity are given. The parameters considered include an angle Monopole
between the keyboard and the screen, dielectric materials of the 84
keyboard and the screen, number of parasitic antenna sleeves,
and the dielectric covering the antenna.
Index Terms—Monopole antennas, wireless LAN. 200
RN 4

I. INTRODUCTION

ITH the rapid progress in wireless communication
technology and the ever increasing demand for it
by professionals, laptop and other portable computers with "
wireless modems will very soon beconge rigueur Such
computers operating in the single cellular telephone frequency Keyboard
band are already making an entrance to the marketplagg. 1. Side-mounted strip monopole on a laptop computer; all dimensions
However, there is no published data on antenna design amdillimeters.
performance for these devices. Furthermore, in situations

where the laptop user trave_zls from one cellular zone ith analysis and design of a strip-sleeve monopole antenna
another, the operation in a different frequency band is oftele&, use on a laptop computer are given. The antenna is
required. For such use the laptop may have two separgifigned and analyzed using the finite-difference time-domain
antennas operating in the two frequency bands of mterest(ngD) method [3]-[5]. Two placements of the antenna are

it may have a dual-frequency antenna operating in the Q| ated, namely on the keyboard side (as used in commercial
frequency bands. The second choice is more attractive S"?:%?nputers) and on the top of the screen.

it effectively reduces the cost and complexity of installing

and maintaining two separate antennas and their associated

circuitry. The two frequency bands of interest in the North Il. ANTENNA MODELING

America are the 0.824-0.894 GHz for the advanced mobileThe geometry of a typical laptop with a side-mounted strip

phone systems (AMPS) band and the 1.85-1.99 GHz for thmnopole is shown in Fig. 1. The laptop model is highly

personal communication systems (PCS) band [1]. simplified and consists of two metal boxes: a keyboard and
A wide-band dual meander-sleeve antenna that operatedcreen. The angle between the keyboard and the screen

simultaneously in two different frequency bands was described«. The geometry of the new dual-frequency strip-sleeve

by Ali et al. [2]. That antenna was designed to operate asn@nopole is shown in Fig. 2. The computer dimensions are the

vehicular antenna. The operation in two frequency bands wseme as in Fig. 1. The parameters of the strip-sleeve monopole

achieved by adding two parasitic sleeves to a dual meandee antenna length, sleeve lengtH, sleeve spacing, base

monopole. Based on the design principles in [2], in this papéength b, and strip widthw. The operation of this antenna in

. . . . two frequency bands can be achieved by the proper design of
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Fig. 3. The input impedance of a side-mounted strip monopole on a laptop

Fig. 2. Side-mounted strip-sleeve monopole on a laptop computer; all §emputer. The geometry of the antenna is shown in Fig. 1.
mensions in millimeters.

resonances be close to %8 3) that the bandwidth of the

seven layers, parabolic conductivity profile, and maximugintenna withRL < —9.5 dB be adequate in both bands; and
reflection of —40 dB [7]. Since not all metal surfaces wereq) that the radiation pattern of the antenna be similar to that
conformal to the mesh an algorithm that significantly decreasgSa conventional monopole. A number of simulations were
the FDTD staircase error was used [8]. The excitation wagrformed to meet the above criteria. It was found that for
with a frequency shifted Gaussian pulse, thus allowing f@oth o« = 90° and « = 110°, the above requirements are
computations of the antenna characteristics in both bandsshyisfied for, = 84 mm, [ = 28 mm, b = 8 mm, andS = 8
one computational run. The antenna gap was one cell widenm. The results were obtained by trial and error approach

Input impedance was computed using voltage across ff3gher than optimization. However, because of the previously
gap and current computed from magnetic fields consideringyained experience [2] the design cycle was short.
loop centering the feed point. A correction factor was used The computed input impedance and RL as functions of
to account for thes* of time shift between the voltage andfrequency for the laptop strip-sleeve monopole (Fig. 2) are
the current. Spatial discretization &z = Ay = Az = 4 shown fora = 90° in Fig. 4(a) and (b), respectively. The res-
mm was used and number of time steps ranged from 1600dant frequencies as marked in Fig. 4(a), are 0.858 and 1.943
2400. Typically the computational space consisted 0981  GHz. The resonant resistances at these two frequencies are
x 100 cells. Near to far-field transform in frequency domaipjose to 502. The RL frequency response shown in Fig. 4(b)

was performed to compute radiation patterns [4]-[5]. demonstrates that the antenna can operate simultaneously in
the AMPS (0.824-0.894 GHz) and the PCS (1.85-1.99 GHz)
IIl. M ODELING RESULTS bands withinRL < —9.5 dB.
The same data forr = 110° are shown in Fig. 5. The
A. Side-Mounted Strip Monopole resonant frequencies of the antenna are 0.846 and 1.95 GHz.

: - 20 .
The input impedance for the side-mounted strip monopow? changvcej ;n theggetsoriirg f[rer?uelgfyqism fwh|le «
(Fig. 1) as a function of frequency is shown in Fig. 3. The firdp 'ncreased from 0 - e Versus. frequency

resonance at 0.838 GHz falls within the lower frequency baﬁgaracteristic clearly shows that the antenna still has more than
(0.824-0.894 éHz) The bandwidth for a §0eoaxial line adequate bandwidth for simultaneous operation in the AMPS

- g d the PCS bands.
feed and a return-loss (RLupper limit of —9.5 dB satisfies an .
the requirement for the lower frequency range (0'824_0_894Computed radiation patterns at 0.859 and 1.9 GHz for the

GHz). However, the antenna is not resonant within the upp%rptenna W'IFh tget sctrheer(ljlat ]ilatre S?(:hwn n ,::'g' 6. Ft’attkt‘errtls
frequency band (1.85-1.99 GHz). are normalized to the directivity of the antenna at the two

frequencies of interest which are 6.3 dBi at 0.859 GHz and 6.9
dBi at 1.9 GHz. When thés, zy-plane patterns at 0.859 and
1.9 GHz are considered it can be observed that there exist dips
The strip-sleeve monopole (Fig. 2) is designed with thglong ¢ ~ 265° and ¢ ~ 240°, respectively [Fig. 6(a)]. The
following objectives in mind: 1) that the antenna be resonapy, pattern at 1.9 GHz [Fig. 6(b)] shows that this component is
at around 0.85 and 1.9 GHz; 2) that the resistance for theigpressed below approximatel0 dB. However, the same
1Return-lossRL = 201log,, p wherep is the magnitude of the complex IS NOt true for the pattern at 0.859 GHz, where this component
reflection coefficientRL = —9.5 dB corresponds to VSWE: 2.0. varies between-6 to —22 dB. The complex radiation patterns

B. Side-Mounted Strip-Sleeve Monopole
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Fig. 4. (a) Input impedance and (b) RL of the side-mounted strip-slee

monopole as a function of frequency. The angte between the keyboard
and the screen is 90
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Fig. 5. (a) Input impedance and (b) RL of the side-mounted strip-slee

monopole as a function of frequency. The angle) between the keyboard
and the screen is 120

screen and its orientation with respect to the keyboard, acting
as a different angle corner reflector, also affect the pattern.

The elevation-plane patterns at 0.859 and 1.9 GHz
[Fig. 6(c)] are computed in the planes of the beam maximum.
At 0.859 GHz the direction of the beam maximum is given
by ¢ = 145°, 8 = 55°, while that at 1.9 GHz is given by
¢ = 130°, 8 = 65°. The patterns are similar to the pattern of
a half-wavez-directed dipole. However, while the main beam
of the dipole is along = 90°, that of the laptop is directed
toward an elevation angle that iK90°. The reason is the
same as described before. Thg elevation-plane pattern at
0.859 GHz is nearly uniform, while that at 1.9 GHz has dips
along¢ = 0 and 180 [Fig. 6(d)].

Radiation patterns are also computed for an upright screen
position (o« = 90°). Comparing the patterns at 1.9 GHz for
a = 110° with those fora = 90° (not shown) a number
of differences is observed: 1) thE,, xy-plane pattern for
« = 110° is more uniform than its counterpart far = 90°;
also, there is 16 dB dip alongp ~ 147° for o« = 90°, while
there is a—7 dB dip alongg ~ 157° for o = 90°; 2) the Fy
elevation-plane pattern is relatively broader for= 110° as
compared to the same far= 90°. This makes the directivity
Bt the former smaller than the latter—6.3 dBi as compared to
8.5 dBi.

C. Top-Mounted Strip-Sleeve Monopole

A top-mounted strip-sleeve monopole is shown in Fig. 7.
The dimensions of the computer are the same as in Fig. 1. The
antenna is approximately in the middle of the top surface of
the screen, with the screen in an upright positfon= 90°).

The details of the antenna geometry are shown as an inset
in Fig. 7. Computed RL as a function of frequency for this
antenna is shown in Fig. 8, as the curve labeled Antenna
A represents the RL characteristic for the antenna of Fig. 7.
As evident, the antenna satisfies the bandwidth requirement.
Computed patterns at 0.859 and 1.9 GHz are shown in Fig. 9.
The Ey4, zy-plane patterns [Fig. 9(a)] at both frequencies are
nearly omnidirectional, as the effect of the corner reflector
is eliminated. The omnidirectionality of the pattern is more
pronounced at 1.9 GHz. The directions of maximum radiation
are along¢ = 0 and 180°. The directivity of the antenna

is 2.1 and 2.6 dBi at 0.859 and 1.9 GHz, respectively. The
E,, zy-plane patterns [Fig. 9(b)] at both frequencies resemble
the pattern of a long dipole (approximately 1)6 The Ey
elevation-plane patterns [Fig. 9(c)] resemble the pattern of a
resonant half-wave dipole. Th&,, elevation-plane patterns

Yﬁig. 9(d)] show that the cross polarization in the plane is

below —10 dB.
The characteristics of the same antenna but mounted at the

are a result of the corner reflector formed by the keyboasitle (Fig. 10) are also examined. In Fig. 10 the antenna is
and the screen [9], and the keyboard acting as a part of thethe ¥y = 4 mm plane while the depth of the screen is
antenna. It is well known that the radiation pattern of ah2 mm. Computed RL as a function of frequency is shown
antenna mounted on a handset is different from the pattémnFig. 8 as the curve labeled Antenna B. It is apparent,
of the same antenna on an infinite ground plane [10]. Thiisat the antenna satisfies the bandwidth requirement as well.
is due to the current flow on the handset which makes t@®mputed radiation patterns are shown in Fig. 11. Patterns

antenna subsystem look like an asymmetric dipole. The sal

are normalized to the directivity of the antenna at the two

situation applies to the laptop antenna. In addition, the mefadquencies of interest, namely 2.3 and 4.1 dBi at 0.859 and
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Fig. 7. Top-mounted strip-sleeve monopole on a laptop computer.

Fig. 8. RL versus frequency of top-mounted strip-sleeve monopoles. An-

) tenna A and B represent the configurations of Figs. 7 and 10, respectively.
1.9 GHz, respectively. Th&vy, xy-plane patterns at both The angle(a) between the keyboard and the screen i&.90

frequencies are nearly omnidirectional. The main difference
between the patterns of Figs. 9(a) and 11(a) is that the latteThe £, zy-plane patterns at both frequencies resemble the
ones do not have preferred directions of radiation. pattern of a long dipole (approximately A)with a partial
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Fig. 9. Radiation pattern of the top-mounted strip-sleeve monopole of Fig. 7. The éamyl®etween the keyboard and the screen i$.9@&) Ey
horizontal-plane £y-plane) pattern. (b, horizontal-plane {y-plane) pattern. (c}, elevation-plane pattern. (dy4 elevation-plane pattern.

screening alongy = 180°. The F, elevation-plane patterns
shown in Fig. 11(c) are similar to the pattern of a resonant
half-wave dipole. According to th&,, elevation-plane pattern
shown in Fig. 11(d), the cross polarization is greater than that
in Fig. 9(d).

D. Effect of Dielectric Layers

Real laptop computers are usually coated with dielectrics
and may contain other dielectric materials and metal objects.
To observe the effect of dielectric materials on antenna perfor-
mance, a 4-mme-thick layer with. = 1.5 and an 8-mm-thick
layer with ¢, = 4.0 were simulated for the keyboard and
the screen, respectively, in the configuration shown in Fig. 2
with « = 110°. The resonant frequencies were 0.835 and
1.925 GHz, as compared to 0.846 and 1.95 GHz for the sam
configuration without dielectric layers (Fig. 5). The reduction
in the resonant frequencies wasl.3%. The bandwidths of
the antenna were satisfactory and the radiation patterns were
only minimally affected.

E. Modified Strip-SIeeve Monopole Fig. 10. A top-mounted strip-sleeve monopole.

The dimensions of the antenna of Fig. 2 arexXt28 x 84 Such an antenna consisting of only one parasitic sleeve was,
mm?. If one of the parasitic antenna sleeves can be eliminatéwkrefore, analyzed. For the screen in an upright position, input
a 42.8% reduction in the antenna volume can be achiev@dpedance and RL are shown in Fig. 12. The bandwidths are
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TABLE |
EFFeCT oF A DIELECTRIC RADOME; b = 8 mm, s = 8 mm RxeD
Radome Antenna Resonant Resonant Bandwidths
dimensions (mm) freq. (GHz) res. () (%)
frl fr2 fr3 | Rl R2 R3

Yes L=T76, (=24 0.84 1.25 1.80 | 31.4 187 42.7 | 22.3 and 26.2
(e, = 1.5)

No L=84, [=28 0.85 1.28 1.94 | 39.2 218 56.2 | 24.3 and 38.7

still satisfactory. Comparing the results in Fig. 12 with thoseesonant frequencies, resistances, and bandwidths in the lower
in Fig. 4, it can be noted that: 1) the impedance curves &nd upper frequency bands. Nevertheless, the bandwidths in
Fig. 12 show an additional resonance and 3) the bandwidthsth bands were satisfactory for the intended operation. The
of the antenna are narrower than before. The radiation patteradiation patterns of the antenna were similar to those shown
for the modified antenna are similar to the patterns in Fig. &1 Fig. 6.

F. Effect of a Dielectric Radome IV. DiscussiON AND CONCLUSIONS

In a practical laptop, the antenna may be covered with aA dual-frequency strip-sleeve monopole antenna mounted
dielectric radome. The effect on the antenna performanceaf a laptop computer was analyzed using the FDTD method.
a 4-mm-thick radome having,. = 1.5 was evaluated for Since a conventional monopole antenna was not suitable
the configuration shown in Fig. 2 far = 90°. The results for dual-frequency operation, the strip-sleeve monopole was
are presented in Table I. Clearly, the radome decreased iteoduced. The new antenna was designed to operate in the
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280 frequency operation. The effect of the radome on the radiation
240f . ] patterns of the antenna is negligible.
= \ = Ronctance | In summary, a novel dual-frequency strip-sleeve monopole
antenna has been designed and analyzed for use on a laptop
\ computer. The antenna can operate simultaneously in the
i - 0.824-0.894 GHz and 1.85-1.99 GHz bands with the input
- ~- impedance close to 52 and return loss less than9.5 dB
—_eol . . ] (VSWR < 2.0). This antenna can be side or top mounted
g e e e on the computer. The top-mounted antenna provides more
Frequency (GHz) omnidirectional radiation pattern than the side-mounted an-
o tenna. The angle of the screen with the keyboard, dielectric
material on the computer (screen, keyboard), and antenna
radome alter the antenna characteristics only very moderately.
P I W A . WS —— ; Overall. thin antenna configuration provides for wider than
required frequency ranges with VSWAR2 in both designated
bands and, thus, is not sensitive to reasonably small changes
in the geometry of the computer and changes in the antenna
position with respect to its basic location. However, there is
S35  =s a significant difference in the antenna performance when its

basic location is changed from the side of the keyboard to the
Fig. 12. Input impedance and RL of the side-mounted modified strip-sleet@p of the screen.
monopole as a function of frequency. The angle between the keyboard
and the screen is 90
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