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Novel stack-shorted microstrip bluetooth antenna
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Abstract : For the rapid development of bluetooth wireless communication, a novel stack-shorted micromar
chined bluetooth antenna was desgned with a 10 dB bandwidth of more than 11 % and an &ficiency of more
than 68 %, regpectively , the length isless than 1/ 7 wavelength. The alternating direction implicit finite-
difference time-domain (ADI-FDTD) method for afull three-dimendonal (3-D) wave is used for modeling
and analyzing the antenna for the first time. Numericad dmulation results manifest that the ADI-FDTD
method is more eficient than the conventional 3-D FDTD method in terms of the central procesing unit
time if the 9ze of the local minimum cell in the computational domain is much smaller than those of cellsor
the wavelength. It can eficiently reduce the CPU time.
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1 Introduction tenna with these characterigtics is essentialy re-

quired and a microgtrip antenna satifies such re-
As microwave equipment requires low pro quirement. Microstrip antennas have conformal
file and lightweight to assure reliability , an an- sructure, low cost , and ease of integration with
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olidstate devices as well as low profile and
lightweight. But the microstrip antennas have a
narrow bandwidth which is about 0.6 39%. In
the last decade, many researchers studied the band-
width widening technique of microstrip anten-
nas™3!. For a serid of sdlient features, the mi-
crostrip antennas are used widdly in the communi-
cation and other agpects.

The finite-difference time-domain (FDTD)
method!*! is widely used for lving problems relat-
ed to electromagnetism. As the tradition FDTD
method is based on an explicit finite-difference a-
gorithm, the Courant-Friedrich-Levy (CFL) con-
dition® must be satified when this method is
used. Therefore, a maximum time-step dzeislim-
ited by minimum cell 9zein acomputation domain.
In this paper , we first adopted the dternating di-
rection implicit finite difference time-domain (ADI-
FDTD) method'® for a full three-dimensona (3
D) wave to Yee' s staggered cell to andyze and
smulate the bluetooth antenna. The numerica
method is unconditionally stable and is not disspa
tive. Therefore, time-step dze can be arbitrarily
st when this method isused. Thelimitation of the
maxi mum time-step dze of the method does not de-
pend on the CFL condition, but rather on numeri-
ca errors. Asociated with practica mode , a kind
of approximate absorbing boundary condition was
developed. Comparing with the full § antennal”! ,
the antenna in this paper has more wider band
width and higher efficiency. Numerica results
manifest that the 3-D ADI-FDTD method is more
eficient than the conventional FD TD method with-
in numerical errors.

2 Stack-shorted microstrip bluetooth
antenna

The 2. 4 GHz stack-shorted microstrip blue-
tooth patch antennais shownin Fig. 1. Because dl-
icorn-based micromaching processis compatible with
standard IC technology , and prone to integration
with other components, slicon wafer (€, =11.7)
was sected as a layer of microstrip substrate. Be-

tween the ground plate and the wafer thereisalay-
erof air (¢, =1), which could suppress surface
wave induced in the wefer substrate, as a result
the eficiency and the bandwidth of the antenna
were increaed, and the radiation pattern im-
proved. A layer of TEFLON

(e, =2.3) was sandwiched between the driven
and paragtic patch. By adding a passve paradtic
patch, which renates near the central renant
frequency of the driven patch, the bandwidth of
the novel antenna was further extended.

1 Parasitic patch
Si !.L'h'r.-_lr 7 I

Ciround

Fg.1 Stacked bluetooth antenna

Excitation

Fig.2 Bluetooth antenna and its caculation domain

3 3D ADI-FDTD agorithm

3.1 Numerical formulations of the 3-D ADI-
FDTD method

For Ex component , the numerical formulation

of the ADIFFDTD method for a full 3-D wave is

presented as follows. The electromagnetic fidd

components are arranged on the cdls in the same

way as that usng the conventiona FDTD method.

These formulations are available for homogeneous
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losdess medium and for usng nonuniform cels.
The caculation for one discrete time step is per-

formed usng two procedures.

EVY2(i+12,j,k = EN(i+2/2,j,K +As—t.

{[H(Ii +12,j+U2,K-H(i +V2,j-12,K]
INy - [HYY2(i +1/2,j,k+1/2 - HYY?
(i+VY2,j,k-1U271Az (D

HY Y2+ 12, k+12) = HI(i+1/2,],
k+12) +Au_t-{[EQ(i +1,j,k+12 -

EN(iLj k+ U2 /A x- [EXY2(i+12,j,

k+1) - EVY3(i+v2,j,0102 , (2
In this procedure, the component on the I€t - hand
sde and the component on the right-hand Sde are de-
fined as synchrorous variablesin (1) , thus, a modified
(17) for the E, component is derived from (1) and
(2) by diminating the H},""? components. In the sf-
fix k, (17) indicates k maximum number of Smultar
neous linear equations and d means z - directiond scan

of the Ex components asfollows:

M EY2(i +V2,j,k-1) +nN2EXY2(i +12,j,K -

NsEVY2(i + U2,k + 1)
:AE_tEQ(i +1/2,j,k +[H2(i +12,j+12,k -

Hp (i +2/2,j-U2,K)AYy -
[HI(i + U2, k+12) - HI(i +12,j,

k - ﬂ2)]/A2+A”_t[E2(i +1,j,k- 12 -
E(i,j, k- VDA z-

AH—I[EQ(i +1,j,k+12) -

E(i,j,k+V2AXAz , an
where
.Y _E _ At
N1 _U(Az)znz At +N1 +N3 N3 Tuag?

In the same way , we can obtan the nodfied equation
for Ej"Y? and E}"" ? component.

B +22,j,0 = B(i +12,j,K +A8—t-

{IHYM (i +12,j + VU2, - HY™
(i+V2,j-U2,K]Ay-
[HYY2(i +V2,j k+ V2 - HyY?
(i+V2,j.k-12Az , 3

HIM (i + 12, +U2,K =

A_t .
U

HIY2(i +12,j +U2,K +

{[EX i +12,j+1,K -
EXT(i+12,j,K]AYy-
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EYY2(i,j + U2, KA X (4

In the ssoond procedure, the E; cormponent on the It -
hand sde and the H, conponent on the right-hand dde
are defined as synchrorous variables in (3) , thus, a
modified (2 7) for the E, component is derived from (3)
and (4) by diminating the HY"* conporents. In the sf-
fix j, (27) indcates j maximum number of Smutaneous
linear equations and d means y-drectiond an of the

Ex conporents asfollows:

SO BN+ U2, - 1,0 v+, BN (i + U 2,),K) -

Oz EYN(i + 12, +1,K :As—tE”;“(i FU2,) K +

[HYY2(i+1v2,j+1V2,K - HYY?
(i+V2,j-V2,K])Ay-
[HYV2G + 12, k+12) - HYY?

(i+V2,j,k-12)1Az+

Au—t[ EyY2(i+1,j- V2,K -
EyY2(i,j- V2,0 1Ay -

A“—t[ EyY2(i +1,j +12,K -

EyY2(i,j +U2,K0 10y 29
where
At _ £ At
(pl_U@y)z,(pz_At+(pl+(p3'(p3 “@y)z

the nodified equation for Ej™ and E}™ component can
be obtained accordngy. By slving thee smutaneous
linear equations, we can get the vdues of the dectric
fidd conponents a the time of n + 1. Theredter, we
can get the vdues of the magneticfidd conmponents at
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thetimedf n + 1.
3.2 Accuracy and dability

To ensure the accuracy of cormputed resuts, the
gatid increment mug be smdl conpared to the wave
length a the frequency of conmputation, usudly ,

max@ xAyAz) <A/10, (5
Snce the Smutaneous linear equations sich as (1) and
(27) can be written in a tridagond metrix form, and
ther codfidentson the léft-hand sde satiy srict sype
riority on the cross. The 3D ADFFDTD dgorithm is
uncondtiondly gable.
3.3 Sting o absorbing Boundary conditions

The fidd computation domain mugt be limited in
9ze because the conmputer can ot dore an unlimited
anount of data. Severd aborbing boundary condtions
(ABC9 '®! are devdoped nowadays. Mur ABCs and s
perabrption oundary condtions are used in thispgper
regpectively.

For dfferent reflection characterization in the direc
tion dong which the dectromagnetic wave propagates,
we will dscuss which ABCs shoud be sHected for top,
dde, front and rear surface individualy.

Inthe rear suface (k = @), thefirg order Mur
ABCs are st. Hectromagnretic waves are propagated a
long +z drection, the dectronic fidd comporent ( E, =

E, = 0) sttidies the one-way wave eguetion

(_a__l_a
0z UL 0Ot

itsfinite dfferenceformis

)EX:01 (6)

1. - .o MZ
Erg(l(lvlvk) = EQ(IIJYG- 1) +UAt+AZ

[E‘;(+1(|,I,G-1)- EQ(IIJYG)]l (7)
whereV is the phase vdodty of dectromagnetic wave a
the boundary surface. The stting of the other surface

are dmilar to that of the rear surface.

4 Numerica results

For reaching the match of impedance, there
are me off setsfor microstrip feed-line. In Fig. 2,
LetAx =Ay =0.25 mmA z =0.125 mm, the

domain of total computation is 60 x 100 x 40. In
microwave circuit anayss, Gaussimpulseis gener-
aly slected as an excitation for smoothnessin time
domain and easy sectrum width setting. The
width of Gausspulseis T = 15 ps, Assume that
the time delay to = 3T = 45 ps, Hectronic filed
distribution of micromachine bluetooth antenna at a
certain moment are shown in Fig. 3. It is shown
that electromagnetic wave is mainly centralized be-
neath the microstrip transmisson line and patch,
In Fg. 3,
thereisapulse value of the electronic field near the

and propagates along + z direction.

front surface, it is caused by the tangentia eec
tronic field component derived from the magnetic

wall condition.

Fg.3 Hectronic fidd dmulation of micromachine blue-
tooth antenna (t = 15 30 45 60 75 90 105
120 135 150 165 180 time sep)

The resgponse vaue of the frequency domain
can be caculated by Fourier-transforming the time
domain vaue. As the microstrip feedline is an
open stub, the microstrip antenna is a 1-port cir-
cuit. S the reflection coefficient Si1 of the mi-

crostrip antenna is

FL V. (1)

Su = Evi(n)]

(8)

where V. (t) isarelected voltage, V(t) isanin-
cident voltage, and Fisa Fourier tranform. From
the calculated reflection coefficient , voltage stand-
ing wave ratio (VSWR) can be calculated as

_ Ve _ 1+ | Sp(w)
VSWR = | su(w) |

Vmin - 1- (9)



398

11

(dB)

- ne
e LA emey

ADI-FDTD
-40% 1ye—x¢-Measured

i

I 15 2o 25 30
JFGHz

FHg.4 Returnlossdf dlioon micromechined patch antenna

The percent bandwidth of the antennas was
determined from the impedance data. For ease of
notion, the bandwidth refers to percent bandwidth
which is normally defined as

percent BW = [(fr2 - ffl)/ fr] x100% ,

(10)
where f, is the resonance frequency , while f; and
f 12 are the frequencies between which reflection co-
efficient of the antennaislessthanor equa to 1/ 3,
which corregponds to VSWR < 2.

The circle wave loss of antenna measured and
computed are shown in Fig. 4. from Fg.4, we can
find the computed results by usng ADIFFDTD
method are in good agreement with the computed
results by usng FDTD method. The measurements
carried out on an Agilent 8720C vector network an-
alyzer show that its reonant frequency is 2. 44
GHz, The drift between the desgn and measured
frequenciesisless than3 %. the length of the novel
patch antenna is only 1/ 7 wavelength, By usng
stacked structure, the relative bandwidth of the
antenna is approximately 11 %, while that of a
conventional microstrip antennaisonly 0.6 3 %.
The efficiency this novel antenna arrive at 68 %.

The characteristic parameters such as efective
dielectric constant , the characteristic impedance in
gectrum domain could be worked out by Fourier
trandtion. Through dealing with the computed da-
tausng MATLAB , The antenna radiation patterns

are shownin Fg.5.

180

(a) H-plane
90
120G 0
-1dB
150 30
180 o
(b) Eplane

Fig.5 Ful wave andyss radiation pattern of microma-
chined Bluetooth antenna

These dmulations were performed by
XFDTD, the CPU time of these dmulations are
shownin Tab. 1, with the time-step Sze and tota
time steps. In cae of the ADIFFDTD, the time
step dze can be set 15 times aslarge as the conven-
tiona FDTD, and tota time steps can be reduced
by afactor of 15. The CPU timeisa < reduced to
28.2 %.

Tab.1 Information on the bluetooth antenna s mulation
At steps CPU Time
FDTD 0.25ps 1500 465.2 s
ADIFFDTD 3.75ps 100 131.3 s
5 Concluson

A novel stacked microstrip bluetooth antenna
has been presented in thispaper , it perfforms excel-
lently egecidly in miniaturization and bandwidth
broadening. it has been proved to suit bluetooth
communication.

ADIFFDTD method was used to mode the
structure of the antenna. The algorithm of the
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method is unconditionaly stable. Thus, the limita computed values manifeststhat the 3-D ADI-FDTD
tion of the maximum time step dze does not depend method is more eficient than the conventiona
on the CFL oondition, but rather on numerical er- FDTD method. It can éficiently reduce the CPU
rors. The fact that there is a good agreement be- time.
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