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Abstract 

This radio project deals with design and verification of an antenna 

amplifier that can be used at very first stage in digital TV broadcast 

receiver as well as a filter to match the amplifier to an antenna. The 

amplifier part worked quite well satisfying the required specification 

in most cases however the matching filter did not.  The design steps 

along with test results are discussed as well as the reason the matching 

filter did not work.   

Tools and equipments used were Matlab, ADS, a Vector Network 

Analyzer, and a Spectrum Analyzer. 
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1 Preface 
When designing an antenna for an electronic device the hardware 

requirements on size and shape often means that the antenna cannot 

have an electronically ideal design. One way to compensate for this is 

an active antenna. Active antennas include an amplifier which will 

amplify the signal and attempt to counteract the effects of the less than 

ideal antenna shape. Since such an amplifier would be the first stage 

after the antenna it is also important that they have a low noise figure. 

In this project the goal is to design an active antenna used for 

receiving digital TV transmission. Such TV signals are sent on the 

VHF and UHF bands corresponding to a frequency range of 

approximately 150 - 800 MHz Due to experience and time constraints 

the design will be split into two parts. The amplifier will be designed 

as its own unit matched to      on both output and input. A matching 

network will then be designed to match a simple ground plane antenna 

to as close to      as possible. 

2  Design 

2.1 Specification - Amplifier 

 Operating frequency: 150 - 800 MHz 

 Noise figure:           

 Gain:         
 (varies greatly with frequency, see Figure 1) 

 Transistor: Philips BFR520 

 Supply voltage         

 Quiescent point:                 

 Source impedance:     

 Load impedance:     

 Input matching network: None 

 Output matching network: Conjugate match 

The transistor in the amplifier will be used in Common-Emitter mode 

and specifications apply only to the amplifier, not to the whole 

system. There are no specifications for how the system is to perform 

when the antenna is connected, however the goal is to get as close to 

the amplifier specifications as possible. 
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2.2 Choice of transistor 

The choice of transistor is important for the amplifier to function 

properly. The gain, stability and noise requirements are transformed 

into circles on a smith chart so various transistors can easily be 

compared. The final choice was the BFR520 from Philips. The input 

and output circles for the transistor can be seen in Figure 2 & 3 

respectively. 

This transistor had previously been used for laboratory lessons in the 

previous course ETI032 Radio Electronics so well defined S-

parameters were already available. These S-parameters had been 

measured at               so the same operating point was 

used for this amplifier as well. 

As can be seen in Figure 2, an input impedance of     will fulfill the 

input requirements. The optimal    will however not be stable, which 

means that the output matching will not be perfect in order to achieve 

stability. Considering how the optimal    changes with the frequency, 

it is unlikely that a perfect match could have been achieved in the first 

place. 

  

Figure 1 :    requirements for the amplifier 



6 

 

 

Figure 2: Input circles for the BFR520 transistor 

 

 
Figure 3: Output circles for the BFR520 transistor. The 

optimal    is also plotted assuming      
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2.3 Matching network 

The output matching network should match a     load the optimal    

as can be seen in Figure 3. However, since the optimal    is outside 

the stability circle the match cannot be perfect. The chosen solution is 

a ladder filter as can be seen in Figure 4 and the resulting    in 

Figure 5.    is a large inductor used for the transistor biasing. The 

resulting    is stable for all frequencies and reasonably close to the 

optimal values. 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 4: Matching ladder filter 

Figure 5:    from the output match filter. 
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2.4 Biasing 
The bias design used was one proposed by Sundström, Jönsson and 

Börjeson in the Radio Electronics    course book as can be seen in 

Figure 6. The operating point of the transistor was already defined as 

              based on the S-parameters used.     was chosen 

to   . Based on the design descriptions in     the resistor values were 

calculated and chosen as can be seen in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The biasing network is connected to the collector side of the transistor 

via the    inductor. Since     is already very large, it is connected 

directly to the base of the transistor. 

  

                
Value                      

Table 1: The resistor values in the biasing 

network. 

Figure 6: The biasing network [1] 
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2.5 Antenna matching 
Two different ground plane antennas were available, a longer antenna 

with a length of      and a shorter with a length of   . Since the 

point of an active antenna is to have a small or otherwise mismatched 

antenna it was decided to use the shorter antenna for the matching. 

The impedance of the antenna can be seen in Figure 7.  

 

 

 

 

 

 

 

 

 

 

 

 

The antenna proved difficult to match to     as the lower frequencies 

have very high impedance, causing them to just rotate around the 

outer parts of the smith chart. To get around this a     resistor was 

placed in parallel to get the impedance down to workable levels. The 

resistor will introduce losses however no other option seemed to work. 

Another problem was the large frequency span. Anything that caused 

the higher frequencies to move a little bit would either not affect the 

lower frequencies at all, or cause them to spin around the smith chart 

ruining any matching. The approach taken was to try and match the 

higher frequencies and the lower frequencies independently, using 

elements that only affected one at the time. This however causes the 

frequencies in the middle to be relatively badly matched. The result 

can be seen in Figure 8 and the matching filter can be seen in Figure 

9. The parallel inductor serves two purposes; partly for the matching 

but also to provide a direct path to ground for any DC or low 

frequency signals that might be picked up by the antenna.  

Figure 7 Figure 7: The impedance profile of the antenna 
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Figure 8: The matched impedance profile. The higher and 

lower frequencies are relatively well matched while the 

middle frequencies are less so. 

Figure 9: The filter to match the antenna to 50Ω. L1 

also provides a direct path to ground for DC or low 

frequency signals. 
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2.6 PCB design 
To be able to test both the antenna matching filter and the amplifier 

separately two different PCBs were designed: one containing the 

amplifier and one containing the antenna matching filter. The two 

layouts can be seen in Figure 10 & 11. 

 

 

 

 

 

 

 

 

 
 

  

Figure 10 Figure 10: The PCB layout for the amplifier 

Figure 11: The PCB layout for the antenna 

matching filter 



12 

 

3 Results 
In order to test and verify that our designed amplifier and antenna 

matching filter circuits compared with simulated results and how well 

they meet the design specification a series of measurements were 

performed. The amplifier and antenna matching filter were tested 

separately and later on both PCB were soldered together to evaluate 

the overall performance of complete design. Instruments used were a  

Network Vector Analyzer (VNA) and a Spectrum Analyzer. 

3.1  Amplifier  

3.1.1 Gain :  

To measure the gain an S21 plot was obtain using a VNA as shown in 

Figure 12. The amplifier was designed for the bandwidth of 650 MHz 

(150 MHz-800 MHz) with center frequency of 570 MHz. The gain 

obtained was lower by about a dB at higher frequencies but otherwise 

satisfies require gain of        (as shown in Figure 1). 

  

  

Figure 12: Gain of the amplifier as the function of frequency. 

Gain demand is lower for higher frequencies 
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3.1.2 Noise figure :  

In order to avoid electromagnetic interference (EMI), noise 

measurement of amplifier was performed in an RF shielded room 

using software controlled spectrum analyzer and a precise noise 

source. It is clear from the graph below, noise figure obtained was 

well below the specified level (less than 3.1 dB) 

 

 

 

 

 

 

 

 

 

 

  Figure 13: Noise figure and gain as function of frequency. 

Some small peaks may be due to interferences from nearby 

device such as the control PC. 
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3.1. 1dB compression points (P1dB): 

The power level that causes the gain of an amplifier to drop by 1dB 

from its small signal value is termed as 1dB compression point [2]. 

This parameter of an amplifier puts a limit to the maximum output 

signal for the linear region. P1dB for different frequencies were 

measured using automatic calculation option available under the 

SYSTEM MODE - COMPPRESS SOI TOI option in the VNA. 

 

  

Figure 15:      1dB compression 

point for different frequencies 
Figure 14:      1dB compression 

point for different frequencies 
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3.1.4 Third order compression point (IP3 or TOI): 

This parameter of an amplifier determines how linear it is. The higher 

the IP3 is, the less noticeable the non-linear components will be. This 

in combination with the 1dB compression point can be especially 

important to determine how well the amplifier handles stronger 

signals. The automatic IP3 measurement option available in the VNA 

under SYSTEM MODE - COMPPRESS SOI TOI was used to calculate 

the IP3. As the measured IP3 is quite a bit higher than the 1dB 

compression point it seems to perform quite well. 

 

 

 

 

 

 

 

 

 

 

  Figure 16:  IP3 for various frequencies 
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3.2 Antenna matching filter: 

Figure 17 & 18, shows the reflection coefficient of the short and long 

antennas connected through the matching filter respectively. Although 

the matching filter was designed for the short antenna it did not 

behave as expected from the simulation. After a close  investigation it 

was found that the most likely reason the design did not work was due 

to presence of  two BNC connecter pads on each end of the PCB 

which was not included in simulation. The pads were about 5 mm 

long and acted as transmission lines affecting the matching. 

 

 

 

 

 

  

Figure 17: S11 for the short antenna 

with the matching filter. 
Figure 18: S11 for the long antenna 

with the matching filter. It provides a 

better match even though the 

matching filter was designed for the 

short antenna. 
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3.3 Amplifier with antenna: 

At first the two antennas were connected directly to a Spectrum 

Analyzer to see how they would perform without any extra circuits. 

The result can be seen in Figure 19 & 20. The strong peak at 950 

MHz is most likely from GSM signals. Otherwise no significant 

signals seem to be visible in the specified range. 

 

The antennas were then connected to the amplifier (without the 

matching filter). The result can be seen in Figure 21 & 22. The short 

antenna still does not pick up any good signals however the long one 

definitely does. A zoom in on one of the peaks shows that it seems 

likely that it is some form of digital signal (a bandwidth of a few MHz 

with quite sharply defined edges and signal content that mainly looks 

like noise). 
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Figure 19: Spectrum of long 

antenna without amplifier 
Figure 20: Spectrum of short 

antenna without amplifier 

Figure 21: Received signal 

waveform using the amplifier with 

the short antenna. 

Figure 22: Received signal waveform 

using amplifier with the long antenna. 

Peaks represent digital signal for 

different TV channels. 
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Despite the fact that the antenna matching filter seemed to not 

function from the S11 measurements (Figure 17 & 18) the complete 

design was evaluated to see if adding the filter would improve the 

received signal strength despite not behaving as anticipated. The 

matching filter PCB was soldered onto the amplifier PCB and the 

antenna was connected at one end and a Spectrum Analyzer at the 

other. The result can be seen in Figure 23 & 24. As can be seen, the 

matching filter does not improve the signal strength but also does not 

seem to noticeably worsen the performance. The strong peak at 

around 450 MHz that is visible in Figure 23 but not in Figure 21 is 

not a result of the filter. The signal was constantly turning on and off 

and was at times visible even without using the filter, however not at 

the time the snapshot was taken. 

 

 

 

 

 

 

  

Figure 23: Received signal 

spectrum for the short antenna 

using both matching filter and 

amplifier 

Figure 24: Received signal 

spectrum for the long antenna 

using both matching filter and 

amplifier 
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4 Conclusion 
The amplifier fulfilled the requirements quite well. The gain did not 

always match up at every frequency, but it was close and the noise 

figure was well below the requirement. The antenna matching filter 

however ended up being useless, and did not improve the strength of 

the received signals. The problem here was presumably the BNC 

connector pads. Due to their length and width, they essentially became 

extra transmission lines which caused the filter to behave very 

differently from our design. Due to inexperience with PCB design this 

was something that we did not think about when designing the filter 

and making the PCB layout. 

Despite this, when using the longer antenna connected directly to the 

amplifier (or through the filter, as it neither improved nor degraded the 

performance) we did manage to pick up signals that might very well 

be digital TV transmissions.  

Despite the problems with the antenna filter we did feel that we 

learned quite a bit designing it, which ultimately was the goal of this 

project. 
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