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Abstract— UWB technology is advancing rapidly because of 
its potential to have high data rates and very low radiation 
power. However, there are still problems in making this 
technology fully developed. Design of efficient ultra wide 
band antenna is one of the most important challengers in the 
UWB systems improvement. Integration of active device into 
passive antenna gives a lot of advantages which can totally 
improve antenna performance. In this paper, design and 
simulation of an antenna for UWB system was done by using 
active integrated antennas (AIA) technology. Here 
specifications of a passive spiral antenna were optimized by 
using a distributed amplifier as an active circuit. Results 
showed considerable improvement in active antenna 
parameters in compare with passive one. 

Keywords; active integrated antenna, distributed amplifier, 
spiral antenna, ultra wide band technology  

I.  INTRODUCTION 
UWB technology is advancing rapidly because of its 

potential to have high data rates and very low radiation 
power. UWB has many satisfactory advantages which 
make it an interesting technology for wireless systems. 
Between all new generation microwave and wireless 
communication systems elements, antenna has been 
considered less than others, and most of direct methods 
use high gains in circuit elements and data processing 
techniques and less consider antenna performance. It is in 
the case that antenna performance for example in new cell 
phones is less than 50 percent. However, improving and 
optimizing antenna characteristics can increase its 
performance and sensitivity significantly [1]. So in UWB 
systems, antenna can be one of important challengers 
because of its complicated requisitions in compare with 
narrow band ones. 

In modern communication systems, operating 
frequencies are increased to microwave and millimeter 
wave frequencies to have high data rates and more users. 
In these frequencies, performance of standard wireless 
antennas such as dipole and monopole antennas is very 
weak and it causes planar antennas become the antenna of 
choice. These antennas have several advantages which the 
first one is that they can be fabricated with lower cost than 
others and are significantly small and light in weight. 
Secondly their planer structure makes them suitable for 
using in big antenna arrays and can be integrated with 

additional electronic circuits. This caused development of 
a new group of antennas named “Active Integrated 
Antennas” that is the base of the work which is done here. 

Integration of active device into passive antenna gives 
a lot of advantages such as increasing the effective length 
of short antenna, increasing the bandwidth, improving the 
noise factor, improvement in impedance matching and 
sensitivity of receiver antennas, and some applications 
such as utilizing active antenna arrays in mobile 
communication and possibility of beam control, using 
them to solve channel capacity limitation problems by 
increase in data-rate and improvement in smart antenna 
technologies [3] and many other advantages. For more 
detailed features of active antennas, references [4] and [5] 
are useful. This feature has improved antenna performance 
and caused more interests to researches on the subject of 
active antennas [6, 7 and 8]. While active antenna means 
using active circuits with passive antennas, to improve 
antenna performance, Active integrated antenna more 
delicately expresses that passive antenna and active device 
are integrated on a unique substrate. It causes antenna and 
active circuit consider as an integrated and unique system 
[2].  

In this paper, design and simulation of a spiral antenna 
for UWB system was done, using active integrated 
antennas (AIA) technology. Spiral antenna is a classic 
frequency independent antenna and has a wide operating 
band and good spectral efficiency in compare with other 
antennas. However spiral antenna itself have some 
limitations to wide band operations, but these limitations 
can be modified by active antenna technology. So in this 
paper, antenna specifications were optimized using active 
circuitry. Design, linear and nonlinear simulations of 
passive and active antenna were done in schematic 
window of ADS software. To investigate actual behavior 
of active antenna for fabricating, the schematic circuit was 
converted to layout and new simulations were done in 
momentum window of ADS software. Results showed 
considerably optimization of active antenna parameters in 
compare with passive one. 

II. PASSIVE SPIRAL ANTENNA 
Detailed Spiral antenna parameters such as return 

losses, band width, gain and input impedance can be 
improved by using active circuit in antenna design [9]. To 
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avoid repeated works and compare parameters of active 
and passive antennas, antenna dimensions are choose like 
a spiral antenna in [10]. Antenna dimensions are 
acceptable when considering the frequency band which it 
works in.  

To analyses of antenna dimensions and identifying the 
active region, equations (1) and (2) are used and radiation 
radius of high and low frequency band limits are 
calculated as below: 
 
flow= c/�r2  � Rout �31.8 mm       ( )1  
fhigh= c/�r1� Rin  � 8.7 mm      ( )2  
 
Rout is outer active region radius for low frequencies and 
Rin is inner active region radius for high frequencies. These 
dimensions show that the radius of R=40 mm is suitable. 
Simulation results are calculated and depicted in Fig.1 and 
2.  
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Figure 1- Antenna gain with w = 4.54m, s = 4mm and R = 40mm 

 

 
Figure 2- Antenna S11 in the UWB Band 

 
As is obvious, although spiral antenna parameters are 

good, but to have uniform and desirable characteristics in 
the UWB band, optimization is necessary. In this work 
optimization is done by using a distributed amplifier and 
designing an active antenna. 

III. ACTIVE INTEGRATED ANTENNA 
A simple structure of active antenna is shown in Fig.3. 

 
Figure 3- Active antenna structure 

 
Active antennas depending on the active device 

behavior which is integrated with are categorized. Main 
applications of these circuits in active antennas are 
generating and amplifying RF signals and frequency 
conversion. Here we want to design a UWB distributed 
amplifier which has desirable and uniform gain and return 
loss on entire 3.1 to 10.6 GHz frequency band. 

 

A. Active Circuit Simulation
Distributed amplifier which is shown in Fig.4 is 

simulated in the linear region of its operation with 50� 
load and matching network. Distributed amplifier structure 
is shown in Fig.4 [9]. 

UWB distributed amplifier parameters are shown in 
Fig.5 and 6. These results show a rather uniform gain and 
good return losses over this band. The results of this work 
and other experiences show that optimizing the integrated 
circuit of antenna and active circuit is more useful than 
optimizing each of them separately and then matching 
them by a matching network [9, 11]. 

 
 

Figure 4- Designed distributed amplifier structure. 
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Figure 5-Linear UWB distributed amplifier Gain 

 
Figure 6-Linear UWB distributed amplifier S11 

 
     After identifying linear and nonlinear regions of 
amplifier operation depending on the input power, the 
nonlinear operation of amplifier will be analyzed.  
Large signal simulation is done by ADS software in the 
input power range of -5dBm to -10dBm which are in the 
nonlinear region of active device and distributed amplifier 
parameters are calculated and illustrated in the Fig.7 and 8.  

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10.
0

3.
0

10.
6

6

8

10

12

14

16

18

4

20

RFfreq

P
ow
er
G
ai
n

 
Figure 7- UWB distributed amplifier power gain in the nonlinear regime 

and -10dBm input power 
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Figure 8- UWB distributed amplifier S-parameters in the nonlinear 

regime and -10dBm input power 
     As shown, gain and return loss are good. It was 
predictable that in the nonlinear region, gain will reduce as 
input power increases. 

 

B. Active Antenna  Simulation
After design and simulation of passive spiral antenna 

and UWB distributed amplifier separately, spiral antenna 
is added to the active circuit as a load and specifications of 
this combined circuit is analyzed. For more accurate 
results, simulation is done by electromagnetic simulator 
“momentum” of ADS software. Simulated parameters of 
active antenna in linear mode are shown in Fig.9 and 
Fig.10. 
 

 
Figure 9- Linear active antenna S11 

 

 
Figure 10- Linear active antenna gain 
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Figure 11- Active and passive antenna S11 comparison. The blue curve is passive antenna S11 and the red one is active antenna S11. 

 

 
Figure 12- Passive antenna parameters and optimized parameters of active antenna [10]; a) VSWR of passive spiral antenna in w=4, 5 and 6 mm; b) VSWR 
of optimized active antenna in w=4, 5 and 6 mm; c) Return loss of optimized active antenna; d) UWB distributed amplifier gain for N=3,4 and 5 ( N is the 

turns of spiral antenna); e) Gain of passive spiral antenna; f) Gain of optimized active antenna. 
 
     In the Fig.11, active and passive antenna simulation 
results for S11 are shown. Comparing these results shows that 
active antenna parameters are considerably optimized rather 
than passive one. These results were predictable when the 
features of active antenna were introducing and now it is 

approved. It is important to know that the final circuit gain is 
not equal to the summation of passive antenna and active 
circuit gains. Total gain is calculated by replacing passive 
antenna as a load to the active circuit and calculating circuit 
gain [9]. 
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     Considering results of some similar works [10, 12] shows 
that using active circuit in antenna structure can be obviously 
useful with considerable benefits. For example in a similar 
work, M. Jalali et all. [10], optimized a spiral antenna using 
active integrated antenna technology for linear operation 
mode. Results are shown in Fig.12. 
     By using active circuit specifications calculated in part 7, 
nonlinear simulation of active antenna is done here. In this 
case, input power is more than the power calculated for 1dB 
point and antenna works in nonlinear mode. For nonlinear 
analysis of antenna, large signal model and parameters of 
circuit elements must be used. For special applications and 
higher output power requirements, power amplifiers and 
nonlinear operation may be considered. Final results are 
shown in Fig.13 and Fig.14.  For more information see [9].  
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Fig.13- Nonlinear active antenna S11 
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Figure 14- Nonlinear active antenna gain 

 

IV. CONCLUSION 
     In the designed UWB active antenna, parameters become 
more uniform than the passive one in the entire band. In 
compare with results in reference [10], gain is increased 
about 5dB, final amplifier stages are reduced one stage and 
return losses are significantly low. Comparing Fig.1 and 

Fig.10 shows usefulness of adding active circuit to passive 
antenna to increase gain and make antenna parameters more 
uniform and desirable. In nonlinear operation, gain decreases 
when input power grows up, but return loss is better in 
nonlinear area. However gain variation is less and it is more 
uniform for nonlinear operation.   
     So specifications of the passive spiral antenna were 
optimized considerably by using a distributed amplifier as an 
active circuit and now it is more suitable antenna for wide 
band applications. In addition this antenna can be used for 
small band applications with frequency patterns limited to 
the 3.1- 10.6 GHz band. 
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