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1. Preface 

The goal of this project is to design, build and test a Bluetooth low noise 

amplifier for mobile devices. Because of the high frequency the matching 

network will be designed with microstrips. Since it is to be designed for 

mobile devices it should be as low power as possible. 

1.1 Specifications 

Frequency band: 2.4 - 2.4835 GHz 

Source impedance: 50 Ω 

Load impedance:  50 Ω 

Noise:  < 1.3 dB 

Gain:   >15 dB 

Minimum output swing: 0.5 V 

2. Design 
2.1 Bias point 

The BFP420 Transistor was chosen because of good noise performance at 

2.4 GHz. From figure 1 it is evident that the best noise performance is 

achieved at 3 mA for 2.4 GHz. 

 

 

Figure 1: Noise performance for BFP420. 
[1]

 

To achieve minimum power consumption the collector voltage should be 

kept at a minimum. But reduced collector voltage reduces the gain, very 

little but still noticeable,  which makes it harder to satisfy noise and gain 

conditions at the same time.  Therefore it has to be a compromise between 
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gain and power consumption. The design strategy is to conjugate match the 

output and mismatch the input to satisfy noise condition.  To decide the 

compromise, gain circles for different collector voltages is plotted with noise 

and stability circles for ΓS in figure 2. 

 

 

Figure 2: The ΓS – plane. Stability circle yellow and noise circle blue. Gain circles 

are red where solid is 4 V, dashed 3 V and 2 V dot dashed. The Matlab code to 

generate the image is shown in Appendix A.
 [2] [3]

 

3 V is chosen as collector voltage. ΓS in the center of the coinciding area to 

gives both gain and noise margin. This gives a ΓS of -0.3172 + 0.1906i 

normalized to 50 Ω. Conjugate match then gives ΓL = 0.0065 + 0.5646i.
[4]

 

Stability is checked for output by plotting stability circles in the ΓL –plane 

and ΓL in figure 3. The output is close to the unstable region but will have to 

do.
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Figure 3: The ΓL – plane. Stability circle yellow and ΓL red dot. The Matlab code to 

generate the image is shown in Appendix B. 
[2] [3]

 

2.2 Bias network 
The bias network used is shown in figure 4. The current in RB2 should be 

small to keep the power consumption down. But it still has to be high 

enough so the voltage divider could support the base current without being 

loaded. A good compromise is to choose IRB3 = √  IB and IC = √  IRB3. β is 

equal to 95
[1]

 which make IRB3 equal to 0.31 mA and IC equal to 0.032 mA. 

Since an output swing of 0.5 V is need VCC has to be at least 3.5 V.  Low 

power consumption gives that the minimum VCC is chosen.
[4]

 

 

 

Figure 4: Bias network for transistor. 

Now RC could be calculated with equation (1) to be 150 Ω. 

   
      

        
     (1) 
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VD is chosen to be two times VB which make VD equal to 1.4 V.
[1]

 This gives 

that RB1 is 4.7 kΩ according to equation (2), that RB2 is 4.55 kΩ according to 

equation (3) and that RB2 is 22.2 kΩ according to equation (4). Since there 

are no 4.55 kΩ resistances, RB2 has to be realized with a 2.7 kΩ and a 1.8 kΩ 

resistor. 

    
     

     
     (2) 

    
  

  
     (3) 

   
     

  
     (4) 

 

2.3 Matching network 

The matching network is designed with microstrips. First a serial microstrip 

transforms the impedance so it is on the unity admittance circle. Then a short 

circuit stub removes the imaginary part. An open stub would have been 

shorter but this gives an easy way to connect the bias network. The matching 

network is illustrated in figure 5. 

  

Figure 5:Matching network where S1, S2, L1 and L2 are microstrips. 

Plotting in Smitchart, figure 6, gives that S1 is 0.138 λ, S2 is 0.357 λ, L1 is 

0.203 λ and L2 is 0.4 λ. 



5 

 

 

Figure 6: Matching network in Smithchart. The Matlab code to generate the image 

is shown in Appendix C. 
[3]

 

 

The physical length is calculated in appendix D to be 9.29 mm for S1, 24.03 

mm for S2, 13.67 mm for L1 and 26.92 mm for L2. In the calculations a 

circuit board with FR4 was used, which have a relative permeability of 4.4 at 

2.4 GHz and a thickness of 1.5 mm.
[5]

 

2.4 Complete design 

The complete schematic is shown in figure 7. The C3 and C2 capacitors are 

there to keep the DC voltage from entering the input and output. C1 and C4 

are there to make a signal ground while being an open line for the DC 

voltage. C5 and C7 are there to ground disturbances from the power supply 

and power supply cables.
[6]
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Figure 7: complete schematic for amplifier. 

From this a layout could be made in Eagle, shown in figure 8 (a). To put this 

on a circuit board a black and white mirrored image was printed, see figure 8 

(b). 

         

(a) (b) 

Figure 8: (a) Layout off circuit board in Eagle. (b). Mirrored black and white image 

for printing. 

Physical realization of the amplifier 

The blueprint from figure 8 was etched on the circuit board and the 

components where soldered on manually. The amplifier was connected to a 

power cube as DC supply and measured with a vector network analyzer. 

During the first test the amplifier only had a gain of -1.465dB at 2.44 GHz, 

in the middle of the band. To improve this, the C1 and C4 capacitors where 

moved to adjust the length of the microstrips. With this method the gain 

could be improved to 3.46 dB at 2.44 GHz. This was not satisfactory but it 

was discovered that the capacitors C1 and C4 was not able to keep a signal 

ground. To solve this, 33 pF capacitors where soldered to the other side of 

the microstrip. To improve the ground plane, copper tape were taped on the 

edges to connect the front and back ground plane. 

Measurements 

The S-parameters and compression were measured with a vector network 

analyzer. The measurements were done with 401 measurement points. From 

S21 the gain was calculated. The noise was measured with a spectrum 

analyzer and a noise source. The noise source had a ratio of 15.51 dB 

between hot and cold noise. The noise measurements were done in a room 

where external noise sources were blocked out. 
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Results 

Gain 

The gain, before modifications to the design were made, is shown in figure 

9. 

 

Figure 9: Gain before modifications where made. 

The gain when the amplifier was modified is shown in figure 10. The gain is 

at a minimum 11.2 dB in the Bluetooth band. 

 

Figure 10: Gain for final amplifier. 

Noise 

Figure 11 shows how the noise figure looked before modifications. 
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Figure 11: Noise figure before modifications to design. 

The noise figure after modification is shown in figure 12. The noise is at a 

maximum 2.44 dB in the Bluetooth Band. 

 

Figure 11: Noise for final amplifier. 

Compression 

The compression is shown in figure 12. With the maximum compression      

-8.44 dBm which corresponds to 0.085 V. 
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Figure 12: compression for the amplifier. 

Impedance 

The impedance for the device is shown in figure 13. 

     

(a) (b) 

Figure 13: (a) Input and (b) output impedance. The red section is the Bluetooth 

band. 

Isolation 

Isolation for the amplifier is shown in figure 14. The isolation is at a 

minimum -25.4 dB. 
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Figure 14. Isolation in the Bluetooth band. 

Discussion 

The amplifier did not comply with the specifications. The Gain was 11.2 dB 

instead of 15 dB, the noise was 2.44 dB when it was supposed to be 1.3 dB 

and the maximum voltage output swing was 0.085 V instead of 0.5 V. This 

is because of when trying to minimize power consumption the other 

specifications where on the theoretical limit for being reached. The models 

used assumed optimum conditions so of course the specifications were not 

reached. A solution to this would be to have a better margin to the 

specifications or lower specifications. 

The impedance for the output should have been matched to 50 Ω but were 

not. This indicates that the matching network was not corresponding 

completely to the designed one. From this the conclusion could be made that 

the physical implementation of the design could have been improved. 

Attempts to do this was made by moving C1 and C4 but was not enough. 

Changing the length of S1 and L1 is hard but could be done by changing the 

electrical length.
[6] 

The isolation of -25.4 dB is good enough for reasonable uses of the 

amplifier. Further measurements that could have been done are the third 

order modulation. 
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Appendix 

A 

Matlab code to plot gain, noise and stability in ΓS-plane. 

close all 

Sdata = [4 0.5863 -157.5   4.137   73.5  0.0978   20.9  

0.4311  -71.4 1.10  0.23  104   0.14; 

    3 0.5871 -158.8   4.040   72.9  0.1013   20.1  

0.4126  -75.3 1.10  0.23  104   0.14 

    2 0.5903 -161.1   3.896   71.8  0.1066   18.4  

0.3842  -81.6 1.10  0.23  104   0.14]; 

S = zeros(3,5); 

Vce = Sdata(:,1); 

S(:,1) = p2c(Sdata(:,2), Sdata(:,3)); 

S(:,2) = p2c(Sdata(:,4), Sdata(:,5)); 

S(:,3) = p2c(Sdata(:,6), Sdata(:,7)); 

S(:,4) = p2c(Sdata(:,8), Sdata(:,9)); 

S(:,5) = 2.4e3; 

  

% Define colours 

red=[1,0,0]; 

yellow=[1,1,0]; 

blue=[0,0,1]; 

  

smtool; 

  

%gain 

ga1=idbp(15-dbp(abs(S(:,2)).^2)); 

drawci(singcib(S(1,:),ga1(1)),2,'-',red,1); 

drawci(singcib(S(2,:),ga1(2)),2,'--',red,1); 

drawci(singcib(S(3,:),ga1(3)),2,'-.-',red,1); 

  

%stability 

drawci(sinstci(S),2,'-',yellow); 

  

%noise 

nfmin=idbp(1.10); 

gammaopt=p2c(0.23,104); 

rn=0.14; 

drawci(noisecig(idbp(1.3),nfmin,rn,gammaopt),2,'-',blue,1); 

 

B 

Matlab code to plot stability in ΓL-plane. 

smtool; 

drawdot(gammaL,0.02,red); 

%stability 
delt=abs(sdelta(S)); 
K=sk(S) 
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drawci(soutstci(S),2,'-',yellow); 

C 

Matlab code to calculate and plot matchinh microstrips. 

smtool; 
line = 0.01 
L2e = 0.4; 
for n = 0.25:0.001:L2e 
    gammaStub = serline(-1,n,2.4e9); 
    gammap = parg(0,gammaStub); 
    drawdot(gammap, line,blue); 
end 

  
L1e = 0.203; 
for n = 0:0.001:L1e 
    gammaLt = serline(gammap,n,2.4e9); 
    drawdot(gammaLt, line,blue); 
end 

  
drawdot(gammaL,0.02,red); 

  
S2e = 0.357; 
for n = 0.25:0.001:S2e 
    gammaStub = serline(-1,n,2.4e9); 
    gammap = parg(0,gammaStub); 
    drawdot(gammap, line,red); 
end 

  
S1e = 0.1380; 
for n = 0:0.001:S1e 
    gammaLt = serline(gammap,n,2.4e9); 
    drawdot(gammaLt, line,red); 
end 

  
drawdot(gammaS,0.02,blue); 

 

D 

Matlab code to calculate physical length of microstrips. 

wh = 3; 
epsilon = 4.4; 
f0 = (2.4 + 2.4835)/2*1e9; 
while(msz0(epsilon,wh) < 50) 
    wh = wh - 0.0001; 
end 
wh; 
Width = wh*1.55 
epsiloneff = mseffeps(epsilon,wh); 
lambda = 3e8/sqrt(epsiloneff)/f0; 
L1m = L1e * lambda * 1000; 
L2m = L2e * lambda * 1000; 
S1m = S1e * lambda * 1000; 
S2m = S2e * lambda * 1000; 

 


