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Novel stack2shorted microstrip bluetooth antenna
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Abstract : For the rapid development of bluetooth wireless communication , a novel stack2shorted microma2
chined bluetooth antenna was designed with a 10 dB bandwidth of more than 11 % and an efficiency of more

than 68 % , respectively , the length is less than 1/ 7 wavelength. The alternating direction implicit finite2
difference time2domain (ADI2FD TD) method for a full three2dimensional (32D) wave is used for modeling

and analyzing the antenna for the first time. Numerical simulation results manifest that the ADI2FD TD

method is more efficient than the conventional 32D FD TD method in terms of the central processing unit

time if the size of the local minimum cell in the computational domain is much smaller than those of cells or

the wavelength. It can efficiently reduce the CPU time.
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新型层叠短接式微带蓝牙天线的仿真分析

余文革 ,钟先信 ,巫正中 ,李晓毅
(重庆大学 光电技术及系统教育部重点实验室 , 重庆 400044)

摘要 :为适应快速发展的蓝牙无线通信技术的要求 ,设计了新型层叠短接式微机械蓝牙天线 ,其 10dB带宽达到了 11 %

以上 ,辐射效率为 68 % ,天线长度小于 1/ 7λ。首次将三维 ADI2FDTD (the alternating direction implicit finite2difference

time2domain)全波分析方法应用于该天线的建模和分析 ,数值模拟结果表明在计算域内网格尺寸相对于其它处网格尺寸

或波长小得多的条件下 ,三维 ADI2FDTD时域全波分析方法能更有效地模拟微机械微带蓝牙天线 ,并能有效地减少

CPU计算时间。
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1　Introduction

　　As microwave equipment requires low pro

file and lightweight to assure reliability , an an2

tenna with these characteristics is essentially re2
quired and a microstrip antenna satisfies such re2
quirement. Microstrip antennas have conformal

st ructure , low cost , and ease of integration with
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solid2state devices as well as low profile and

lightweight. But the microstrip antennas have a

narrow bandwidth which is about 0. 6～3 %. In

the last decade , many researchers studied the band2
width widening technique of microstrip anten2
nas[123 ]. For a serial of salient features , the mi2
crostrip antennas are used widely in the communi2
cation and other aspects.

　　The finite2difference time2domain ( FD TD)

method[4 ] is widely used for solving problems relat2
ed to electromagnetism. As the tradition FD TD

method is based on an explicit finite2difference al2
gorithm , the Courant2Friedrich2Levy ( CFL ) con2
dition[5 ] must be satisfied when this method is

used. Therefore , a maximum time2step size is lim2
ited by minimum cell size in a computation domain.

In this paper , we first adopted the alternating di2
rection implicit finite2difference time2domain (ADI2
FD TD) method[6 ] for a full three2dimensional (32
D) wave to Yee’s staggered cell to analyze and

simulate the bluetooth antenna. The numerical

method is unconditionally stable and is not dissipa2
tive. Therefore , time2step size can be arbit rarily

set when this method is used. The limitation of the

maximum time2step size of the method does not de2
pend on the CFL condition , but rather on numeri2
cal errors. Associated with practical model , a kind

of approximate absorbing boundary condition was

developed. Comparing with the full Si antenna[7 ] ,

the antenna in this paper has more wider band2
width and higher efficiency. Numerical results

manifest that the 32D ADI2FD TD method is more

efficient than the conventional FD TD method with2
in numerical errors.

2　Stack2shorted microstrip bluetooth

antenna

　　The 2. 4 GHz stack2shorted microstrip blue2
tooth patch antenna is shown in Fig. 1. Because sil2
icon2based micromaching process is compatible with

standard IC technology , and prone to integration

with other components , silicon wafer (εr = 11. 7)

was selected as a layer of microst rip substrate. Be2

tween the ground plate and the wafer there is a lay2
er of air (εr = 1) , which could suppress surface

wave induced in the wafer substrate , as a result ,

the efficiency and the bandwidth of the antenna

were increased , and the radiation pattern im2
proved. A layer of TEFLON

(εr = 2. 3) was sandwiched between the driven

and parasitic patch. By adding a passive parasitic

patch , which resonates near the central resonant

f requency of the driven patch , the bandwidth of

the novel antenna was further extended.

Fig. 1　Stacked bluetooth antenna

Fig. 2　Bluetooth antenna and its calculation domain

3　32D ADI2FD TD algorithm

3. 1 　Numerical formulations of the 32D ADI2
FDTD method

For Ex component , the numerical formulation

of the ADI2FD TD method for a full 32D wave is

presented as follows. The electromagnetic field

components are arranged on the cells in the same

way as that using the conventional FD TD method.

These formulations are available for homogeneous
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lossless medium and for using nonuniform cells.

The calculation for one discrete time step is per2
formed using two procedures.

En +1/ 2
x ( i + 1/ 2 , j , k) = En

x ( i + 1/ 2 , j , k) +
Δt
ε ·

{ [ Hn
z ( i + 1/ 2 , j + 1/ 2 , k) 2Hn

z ( i + 1/ 2 , j - 1/ 2 , k) ]

/Δy - [ Hn+1/ 2
y ( i + 1/ 2 , j , k + 1/ 2) - Hn+1/ 2

y

( i + 1/ 2 , j , k - 1/ 2) ]/Δz} , (1)

Hn+1/ 2
y ( i + 1/ 2 , j , k + 1/ 2) = Hn

y ( i + 1/ 2 , j ,

k + 1/ 2) +
Δt
μ ·{ [Εn

z ( i + 1 , j , k + 1/ 2) -

En
z ( i , j , k + 1/ 2) ]/Δx - [ En+1/ 2

x ( i + 1/ 2 , j ,

k + 1) - En+1/ 2
x ( i + 1/ 2 , j , k) ]/Δz} , (2)

In this procedure , the component on the left - hand

side and the component on the right2hand side are de2
fined as synchronous variables in (1) , thus , a modified

(1 3 ) for the Ex component is derived from (1) and

(2) by eliminating the Hn+1/ 2
y components. In the suf2

fix k , (1 3 ) indicates k maximum number of simulta2
neous linear equations and also means z 2directional scan

of the Ex components as follows :

2η1 En+1/ 2
x ( i + 1/ 2 , j , k - 1) +η2 En+1/ 2

x ( i + 1/ 2 , j , k) -

η3 En+1/ 2
x ( i + 1/ 2 , k + 1)

=
ε
Δt

En
x ( i + 1/ 2 , j , k) + [ Hn

z ( i + 1/ 2 , j + 1/ 2 , k) -

Hn
z ( i + 1/ 2 , j - 1/ 2 , k) ]/Δy -

[ Hn
y ( i + 1/ 2 , k + 1/ 2) - Hn

y ( i + 1/ 2 , j ,

k - 1/ 2) ]/Δz +
Δt
μ [ En

z ( i + 1 , j , k - 1/ 2) -

En
z ( i , j , k - 1/ 2) ]/ΔxΔz -

Δt
μ [ En

z ( i + 1 , j , k + 1/ 2) -

En
z ( i , j , k + 1/ 2) ]/ΔxΔz , (1 3 )

where

η1 =
Δt
μ(Δz) 2 ,η2 =

ε
Δt

+η1 +η3 ,η3 =
Δt
μ(Δz) 2 .

In the same way , we can obtain the modified equation

for En+1/ 2
y and En+1/ 2

z component.

En+1
x ( i + 1/ 2 , j , k) = En

x ( i + 1/ 2 , j , k) +
Δt
ε ·

{ [ Hn+1
z ( i + 1/ 2 , j + 1/ 2 , k) - Hn+1

z

( i + 1/ 2 , j - 1/ 2 , k) ]/Δy -

　　　[ Hn+1/ 2
y ( i + 1/ 2 , j , k + 1/ 2) - Hn+1/ 2

y

( i + 1/ 2 , j , k - 1/ 2) ]/Δz} , (3)

Hn+1
z ( i + 1/ 2 , j + 1/ 2 , k) =

　　Hn+1/ 2
z ( i + 1/ 2 , j + 1/ 2 , k) +

Δt
μ ·

{ [ En+1
x ( i + 1/ 2 , j + 1 , k) -

En+1
x ( i + 1/ 2 , j , k) ]/Δy -

[ En+1/ 2
y ( i + 1 , j + 1/ 2 , k) -

En+1/ 2
y ( i , j + 1/ 2 , k) ]/Δx} , (4)

In the second procedure , the Ex component on the left -

hand side and the Hz component on the right2hand side

are defined as synchronous variables in (3) , thus , a

modified (2 3 ) for the Ex component is derived from (3)

and (4) by eliminating the Hn+1
z components. In the suf2

fix j , (2 3 ) indicates j maximum number of simultaneous

linear equations and also means y 2directional scan of the

Ex components as follows:

- φ1 En+1
x ( i + 1/ 2 , j - 1 , k) +φ2 En+1

x ( i + 1/ 2 , j , k) -

φ3 En+1
x ( i + 1/ 2 , j + 1 , k) =

ε
Δt

En+1/ 2
x ( i + 1/ 2 , j , k) +

[ Hn+1/ 2
z ( i + 1/ 2 , j + 1/ 2 , k) - Hn+1/ 2

z

( i + 1/ 2 , j - 1/ 2 , k) ]/Δy -

[ Hn+1/ 2
y ( i + 1/ 2 , j , k + 1/ 2) - Hn+1/ 2

y

( i + 1/ 2 , j , k - 1/ 2) ]/Δz +

Δt
μ [ En+1/ 2

y ( i + 1 , j - 1/ 2 , k) -

En+1/ 2
y ( i , j - 1/ 2 , k) ]/ΔxΔy -

Δt
μ [ En+1/ 2

y ( i + 1 , j + 1/ 2 , k) -

En+1/ 2
y ( i , j + 1/ 2 , k) ]/ΔxΔy , (2 3 )

where

φ1 =
Δt
μ(Δy) 2 ,φ2 =

ε
Δt

+φ1 +φ3 ,φ3 =
Δt
μ(Δy) 2 .

the modified equation for En+1
y and En+1

z component can

be obtained accordingly. By solving these simultaneous

linear equations , we can get the values of the electric2
field components at the time of n + 1. Thereafter , we

can get the values of the magnetic2field components at
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the time of n + 1.

3. 2　Accuracy and stability

To ensure the accuracy of computed results , the

spatial increment must be small compared to the wave2
length at the frequency of computation , usually ,

max(Δx ,Δy ,Δz) <λ/ 10 , (5)

Since the simultaneous linear equations such as (1 3 ) and

(2 3 ) can be written in a tridiagonal matrix form , and

their coefficients on the left2hand side satisfy strict supe2
riority on the cross. The 32D ADI2FDTD algorithm is

unconditionally stable.

3. 3　Setting of absorbing Boundary conditions

The field computation domain must be limited in

size because the computer can not store an unlimited

amount of data. Several absorbing boundary conditions

(ABCs) [8] are developed nowadays. Mur ABCs and su2

perabsorption boundary conditions are used in this paper ,

respectively.

For different reflection characterization in the direc2

tion along which the electromagnetic wave propagates ,

we will discuss which ABCs should be selected for top ,

side , front and rear surface individually.

In the rear surface ( k = G) , the first order Mur

ABCs are set. Electromagnetic waves are propagated a2

long + z direction , the electronic field component ( Ey =

Ez = 0) satisfies the one2way wave equation

( 5
5 z

-
1
υ

5
5 t

) Ex = 0 , (6)

its finite difference form is

En+1
x ( i , j , k) = En

x ( i , j , G - 1) +
υΔt -Δz
υΔt +Δz

[ En+1
x ( i , j , G - 1) - En

x ( i , j , G) ] , (7)

whereυis the phase velocity of electromagnetic wave at

the boundary surface. The setting of the other surface

are similar to that of the rear surface.

4　Numerical results

　　For reaching the match of impedance , there

are some offsets for microst rip feed2line. In Fig. 2 ,

LetΔx =Δy = 0. 25 mm ,Δz = 0. 125 mm , the

domain of total computation is 60 ×100 ×40. In

microwave circuit analysis , Gauss impulse is gener2

ally selected as an excitation for smoothness in time

domain and easy spectrum width setting. The

width of Gauss pulse is T = 15 ps , Assume that

the time delay t0 = 3 T = 45 ps , Electronic filed

dist ribution of micromachine bluetooth antenna at a

certain moment are shown in Fig. 3. It is shown

that electromagnetic wave is mainly centralized be2

neath the microstrip t ransmission line and patch ,

and propagates along + z direction. In Fig. 3 ,

there is a pulse value of the electronic field near the

front surface , it is caused by the tangential elec2

t ronic field component derived from the magnetic

wall condition.

Fig. 3　Electronic field simulation of micromachine blue2

tooth antenna ( t = 15、30、45、60、75、90、105、

120、135、150、165、180 time step)

The response value of the frequency domain

can be calculated by Fourier2t ransforming the time

domain value. As the microstrip feed2line is an

open stub , the microstrip antenna is a 12port cir2

cuit . So the reflection coefficient S 11 of the mi2

crostrip antenna is

S 11 =
F[ V r ( t) ]

F[ V i ( t) ]
, (8)

where V r ( t) is a reflected voltage , V i ( t) is an in2

cident voltage , and F is a Fourier t ransform. From

the calculated reflection coefficient , voltage stand2

ing wave ratio (VSWR) can be calculated as

VSWR =
V max

V min
=

1 + S 11 ( w )

1 - S 11 ( w )
, (9)
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Fig. 4　Return loss of silicon micromachined 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 = [ ( f r
2

- f r
1
) / f r ] ×100 % ,

(10)

where f r is the resonance frequency , while f r1 and

f r2 are the frequencies between which reflection co2

efficient of the antenna is less than or equal to 1/ 3 ,

which corresponds to VSWR≤2.

The circle wave loss of antenna measured and

computed are shown in Fig. 4. f rom Fig. 4 , we can

find the computed results by using ADI2FD TD

method are in good agreement with the computed

results by using FD TD method. The measurements

carried out on an Agilent 8720C vector network an2
alyzer show that its resonant f requency is 2. 44

GHz , The drift between the design and measured

frequencies is less than3 %. the length of the novel

patch antenna is only 1/ 7 wavelength , By using

stacked structure , the relative bandwidth of the

antenna is approximately 11 % , while that of a

conventional microst rip antenna is only 0. 6～3 %.

The efficiency this novel antenna arrive at 68 %.

The characteristic parameters such as effective

dielectric constant , the characteristic impedance in

spectrum domain could be worked out by Fourier

t ransition. Through dealing with the computed da2
ta using MA TLAB , The antenna radiation patterns

are shown in Fig. 5.

(a) H2plane

(b) E2plane

Fig. 5　Full wave analysis radiation pattern of microma2
chined Bluetooth antenna

These simulations were performed by

XFD TD , the CPU time of these simulations are

shown in Tab. 1 , with the time2step size and total

time steps. In case of the ADI2FD TD , the time2
step size can be set 15 times as large as the conven2
tional FD TD , and total time steps can be reduced

by a factor of 15. The CPU time is also reduced to

28. 2 %.

Tab. 1　Information on the bluetooth antenna simulation

Δ t steps CPU Time

FDTD 0. 25 ps 1500 465. 2 s

ADI2FDTD 3. 75 ps 100 131. 3 s

5　Conclusion

　　A novel stacked microstrip bluetooth antenna

has been presented in this paper , it performs excel2
lently especially in miniaturization and bandwidth

broadening. it has been proved to suit bluetooth

communication.

ADI2FD TD method was used to model the

st ructure of the antenna. The algorithm of the
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method is unconditionally stable. Thus , the limita2
tion of the maximum time2step size does not depend

on the CFL condition , but rather on numerical er2
rors. The fact that there is a good agreement be2
tween the ADI2FD TD computed values and FD TD

computed values manifests that the 32D ADI2FD TD

method is more efficient than the conventional

FD TD method. It can efficiently reduce the CPU

time.
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