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1. Introduction 

Low Noise Amplifiers are key building blocks of any receiver. They amplify a small incoming signal 

without adding significant noise. Their noise figure dominates the overall noise figure of a receiver; 

therefore, they must be optimized to achieve optimum noise performance. In this report, an LNA is 

designed and its performance is presented. The following specifications will be shown: 

 Gain 

 Input and Output Matching 

 IIP3 

 Noise Figure 

 

The impact of the component tolerances on the above specifications will also be observed and 

reported. 

 

2. Circuit Description 

For our LNA design, we chose a cascode topology due to its ability to achieve good isolation 
between the input and output. The schematic of the LNA is shown in Figure 1. The LNA was 
designed in Cadence using the IBM 130nm technology. The operating frequency range is from 2.4 to 
2.5 GHz. The IC is designed with 7 (80𝜇𝑚 x 80 𝜇m) bonds pads with a spacing of 80 𝜇𝑚, and it is 
designed to be used in a SOIC 8 package and connected via bond wires.   

For input matching, we need to connect an external inductor (𝐿𝑔). Internally, there is an on-chip 
capacitor (𝐶𝑔𝑠) between the gate and source of the first transistor. The value of 𝐿𝑔 is fixed by 
selecting 𝑄𝑖𝑛 as per the Q-based LNA design. With a fixed value of 𝐿𝑔 and by tuning 𝐶𝑔𝑠 and 𝐿𝑠, we 
match the input at 2.45 GHz which is chosen to be the center frequency of operation. The gate of 
the first transistor is biased using an RF Choke for AC blocking. Additionally a DC block capacitor 
should be connected to the input port. The RF Choke and DC blocking capacitor are both off-chip 
components. The off-chip DC blocking capacitor also has a parasitic resistance and inductance 
associated with it which was included in the schematic.  

The output matching network was designed to be completely on chip. It includes a series inductor 
𝐿𝑑 and capacitors 𝐶1 and 𝐶2, which are tuned for a 50Ω output. The inductor 𝐿𝑑 is connected to the 
drain of the common gate transistor, which is connected to VDD. The gate of the transistor also has 
a bypass capacitor to serve as an AC ground. The gate of the second transistor must be biased using 
an external RF choke.  

 



 

Figure 1. Schematic of the designed LNA 

 

3. Layout Description and philosophies behind the layout 

 

The layout for the LNA is shown in Figure 2. The layout was designed to minimize the size of the 

IC. The total area occupied by the IC is 480 µm x 600µm. An attempt was made to integrate 

most of the circuit on-chip, but large components such RF chokes and the input bypass capacitor 

were implemented off-chip. Also the input matching inductor 𝐿𝑔 was implement off-chip to 

conserves space. All components were place in such a manger to allow compact routing to avoid 

using long and complex connections.   

 

The integrated on chip inductors are 𝐿𝑑 and 𝐿s. The on-chip capacitors include the external gate 

to source capacitor (𝐶𝑔𝑠_ext), the output matching capacitors 𝐶1 and 𝐶2, and the bypass 

capacitor for the common-gate stage. The capacitors were implemented in the form of MOS 

capacitors. The IC has 3 bond pads connected with ground. Multiple ground pads were used to 

minimize inductance from the on chip-ground to the PC board ground. For the cascaded 



transistors, we used a multi-finger layout to reduce capacitance and gate resistance. The 

transistors were connected to the top most metal layer using multiple vias to reduce resistance 

associated with each transistor terminal.  

 

 

 

Figure 2. Layout of the designed LNA 

 

 

 

 



4. Bonding diagram of the IC 

 
Figure 3. The Bonding Diagram of the IC in the SOIC-8 package 

 

5. Instructions for how the circuit should be used 

 

The LNA should be operated with a supply voltage of 1.2 V. The frequency of operation is 2.4-2.5 

GHz. The pin labeled VG1 should be supplied with a bias voltage of 730 mV using a 90 nH RF 

choke inductor. The pin label VG2 and RF_IN should be biased with a voltage of 480 mV using an 

RF choke. Additionally, an 8 nH inductor should be used to match the input of the pin to 50Ω. 

Also a 200 pF DC block capacitor should be added in series to the 8nH inductor. The IC also has 

GND paddle that should be connected to the PC Board ground.  

 

Parameters Recommended Values 

Operating Frequency 2.4-2.5 GHz 

VDD 1.2 V 

VG1 480 mV 

VG2 730 mV 

Input Matching Inductor 8 nH 

Input Bypass Capacitor 200 pF 

RF Chokes for VG1 & VG2 90 nH 

Table 1. External Component Values and recommended operating values for the LNA 

 



6. Initial Hand/Matlab Analysis 

 

To calculate the required component values, we chose certain parameters such as QIN and QL. 

We used simulation to find values associated with the transistors such as the transistor 

transconductance (gm), the gate-to-source capacitance (cgs), the gate-to-drain capacitance (cgd), 

and the gate resistance (rg1). Using the values found for the transistor and our chosen QIN and 

QL, we calculate the required component values for our design, the transducer gain, and the 

noise figure. The MATLAB code used to perform the calculations is shown below. 

wo=2*pi*2.45e9;         %Frequency 
Zo = 50;                %Source Impedance 
Qin = 1.5;              %Chosen Qin 
Ql = 4;                 %Chosen Ql 
Rs = 20;                %Drain Inductor Resistance 
rg1 = 10.1;             %Gate Resistance of Transistor at 2.45GHz 
gm1 = 27.87e-3;         %Transconductace of the first transistor 
gm2 = 28.26e-3;         %Transconductace of the second transistor 
cgs = 102.5e-15;        %Gate-to-source capacitance  
cgd = 38e-15;           %Gate-to-drain capacitance  

  
%Equivalent input Capacitance with miller effect 
Ct_in = cgs+(1+gm1/gm2)*cgd  

  
%Calculate Component Values 
Lg = 2*Qin*Zo/wo 
Cgs_ext = 1/(2*Qin*Zo*w)-Ct_in 
Ls = (Zo-rg1)/(gm1*Lg*wo^2) 
Ld = 2*Rs*Ql/w 

  
%Calculate transducer gain and noise figure 
Gt = gm1^2*Ld*w*Zo*Qin^2*Ql 
Gt_log = 10*log10(Gt) 
Noise_Factor = 1+(((2/3)*gm1*4*Zo^2*((Cgs_ext+Ct_in)*w/gm1)^2+rg1)/Zo) 
NF = 10*log10(Noise_Factor) 

 

 

Calculated Initial Values 

Lg Cgs_ext Ls Ld Gt (dB) NF (dB) 

9.74 nH 255 fF 620 pH 10.4 nH 17.47 1.506 

Table 2. Initial component values and parameters calculated for the LNA using MATLAB 

 

7. Parasitic Extraction and Estimation 

 

To find the parasitics associated with the bond pads, a bond pad is simulated and its series 

resistance and capacitance is obtained by looking at its input impedance at 2.45 GHz: 

 

RBOND_PAD = 23.3 Ω 

CBOND_PAD = 100.1 fF 

 



The inductance of the bond wires and the leads was estimated. For the leads, we estimated an 

inductance of 1nH for the SOIC package. For the bond wire inductance, we assumed that bond 

wires have an inductance of 1pH/µm. We assumed that the length of the bond wires will 

approximated 732 µm, hence their inductance is estimated to be 0.732 nH. The total inductance 

per pin used in the schematic is: 

 

LBOND_WIRE + LLEAD = 1nH + 0.732nH = 1.732 nH 

 

 

8. Circuit Simulation 

 

S11 (dB) and S22 (dB)  

 
 

Figure 4. Simulated input and output return loss (in dB) for the LNA 

 

 



 
Figure 5. Simulated transducer gain (in dB) for the LNA 

 

 

 

 
Figure 6. Simulated noise figure (in dB) for the LNA 

 

 



IIP3 (dBm) 

 

 
Figure 7. Simulated IIP3 (in dBm) for the LNA 

 

 

 

 

Parameter Design Goals Predicted 
Performance 

Compliant 
(Yes/No) 

Operating  
Frequency 

2.4-2.5 GHz 2.4-2.5 GHz Yes 

GT >12 dB >16.69 dB Yes 

Γin <-10 dB <-16.64 dB Yes 

Γout <-10 dB < -11.97 dB Yes 

VDD 1.1-1.3 V 1.2 V Yes 

IIP3 > -7 dBm -5.35 dBm Yes 

NF < 2 dB < 1.813 dBm Yes 

Table 3. Compliance Matrix of the LNA with design goals and simulated performance 

 



9. Comparison between Hand/Matlab Analysis and Simulation Results 

 

 Lg Cgs_ext Ls Ld Gt (dB) NF (dB) 

Calculated 9.74 nH 255 fF 620 pH 10.4 nH 17.47 1.506 

Simulated 9.73 nH 282 fF 818 pH 8.33 nH 16.97 1.687 

Table 4. Calculated Values in Matlab in comparison to final values found using simulation 

 

10. Variability Analysis 

 

To conduct the variability analysis the values of the on chip and off chip components were 

varied by 10%. We found that we did not meet the required specifications for when components 

values were varied by 10%, hence we decided to check the variation for 5% component 

tolerances. To vary the values of the on-chip components, the width parameter of the MOS 

capacitors were changed to perform the simulation. We were unable to change the value of the 

on-chip inductor by 3% since the parameters of on chip inductor can only be changed in steps of 

10µm, which corresponds to more than 5% so the values of the on-chip inductors was kept 

constant, however value of the off-chip inductor was changed by 5%.  

The following plots show the output results for the worst case scenario when all components 

have a value that is 5% lower than the nominal value: 

 

 

Figure 8. Input and Output Return Loss (in dB) for -5% Component Variation 

 



 

Figure 9. Noise Figure (in dB) for -5% Component Variation 

 

  

Figure 10. Transducer Gain (in dB) for -5% Component Variation 

 



 

Figure 11. IIP3 (in dBm) for -5% Component Variation. 

 

 

Table 5 shows the compliance matrix when the components are varied by -5%. Unfortunately, 

the design goals are not satisfied for the output return loss and Noise Figure.  

 

Parameter Design Goals Predicted 
Performance for 

-5% Variation 

Compliant 
(Yes/No) 

GT >12 dB >16.59 dB Yes 

Γin <-10 dB <-12.58dB Yes 

Γout <-10 dB < -9.8 dB No 

VDD 1.1-1.3 V 1.2 V Yes 

IIP3 > -7 dBm -5 dBm Yes 

NF < 2 dB < 2.047 dBm No 

Table 5. Compliance Matrix for -5% Component Variation 

 

 

The following plots show the output results for the worst case scenario when the varied 

component have a value that is 5% higher than the nominal: 



 

Figure 12. Input and Output Return Loss (in dB) for +5% Component Variation 

 

 

Figure 13. Noise Figure (in dB) for +5% Component Variation 

 



 

Figure 14. Transducer Gain (in dB) for +5% Component Variation 

 

 

Figure 15. IIP3 (in dBm) for +5% Component Variation 

 

 

 

Table 6 shows the compliance matrix when the components are varied by +5%. All specifications 

are still satisfied for +5% component variations.   

 

 

 



Parameter Design Goals Predicted 
Performance for 

+5% Variation 

Compliant 
(Yes/No) 

GT >12 dB >16.4 dB Yes 

Γin <-10 dB <-13.3 dB Yes 

Γout <-10 dB < -10.17dB Yes 

VDD 1.1-1.3 V 1.2 V Yes 

IIP3 > -7 dBm -5.73 dBm Yes 

NF < 2 dB < 1.616 dBm Yes 

Table 6. Compliance Matrix for +5% Component Variations 

 

11. Conclusion  

 

A low noise amplifier (LNA) was designed and its predicted performance was presented in this 

report. The circuit schematic was simulated and its layout was shown. At nominal component 

values, the LNA was able to meet all required specifications such as gain, IIP3, noise figure, and 

input and output return loss. The LNA was unable to meet all required specifications when 

components were varied by -5% of their nominal value; namely, the noise figure and the output 

return loss failed by a small margin. For a component variation of +5%, we were still able to 

meet all design requirements. Unfortunately, for a ±10% variation in component values, we 

were unable to meet most of the required specifications.  

 

Overall, we were able to apply the concepts of the Q-based LNA effectively; we were also able 

to take into account the parasitic associated with the IC and its packaging to meet the required 

design goals.   

 


