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Fig. 6: Conversion gain vs. LO input power.  

 

Fig. 7: Conversion gain vs. RF input frequency. 
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 The next simulation is directly related with the conversion gain and that is the noise 

figure. The noise figure is a representation of how well the system handles noise. Since noise is 

obviously an unwanted element, we are aiming to see very little noise at the output of our 

system. While we do want the level of noise on the output to be as small as possible, we 

sometimes must decide as to how much is acceptable. This comes in to play when we must 

decide how large we want our conversion gain because the level of our output noise is directly 

related to the conversion gain of our system. If we are in need of a very large conversion gain, 

then we will not have as good of a noise figure than if we were to use a similar device with a 

lower gain. For the mixer designed, we can see the results of our output noise in Fig. 8. These 

results show that the noise voltage level is very low across the simulated frequencies however 

when we compare this value to our actual IF signal based off the conversion gain, we can see 

that the noise is very high.  

 

Fig. 8: IF noise vs. IF frequency. 
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 Another parameter that is important to simulate is the output frequency spectrum. This 

type of simulation is used to see the different frequency elements in your signals. Here, you will 

typically want to see very high values for your intended signal and then very low values for the 

unwanted frequencies. This simulation is important to run because you are not able to see 

every frequency in your signal in a traditional transient simulation because all the frequencies 

are mixed together into one signal. Looking at this simulation you can observe how strong the 

side frequencies are and whether a filter will be needed to isolate the desired signal from the 

unwanted frequencies. The frequency spectrum results for the designed mixer are shown in Fig. 

9 with the IF frequencies being represented in pink and the RF frequencies being represented in 

green. Looking at these results we can see that there is very little side frequencies for our RF 

signal and almost no side frequencies in our IF signal which is very good and what we are 

wanting.  

 

Fig. 9: Frequency spectrum for IF (pink) and RF (green).    
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 The next factors to test for the port-to-port isolation between each of the three ports. 

There are three main types of isolation we check for and that is LO-IF, LO-RF, and RF-IF. These 

values are measured in dB and we want these to be as low as possible. The effects of having 

poor isolation is different for each port pair but none are beneficial to the system which is why 

we want there to be good isolation. With poor LO-IF isolation we see the LO signal contaminate 

the IF signal which lowers the quality of our output signal. Poor LO-RF isolation can cause issues 

because the LO signal will begin to contaminate the RF signal line which will feed into the other 

devices connected to the mixer. [7] The following figures show the LO-IF (Fig. 10), the LO-RF 

(Fig. 11), and RF-IF (Fig. 12) isolation for the mixer. Looking at these results, we can see that we 

have poor DC isolation between the LO-IF and the LO-RF ports which results in us having a DC 

offset. However, the isolation for all other frequencies for all ports is very good.  

 

Fig. 10: LO-IF isolation results. 
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Fig. 11: LO-RF isolation results. 

 

Fig. 12: RF-IF isolation results. 
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 Finally, the last important parameter to test for is the S11 value for our RF input. While 

there are other S-parameters we can simulate for, the most important one is our S11. The S11 

parameter is one of the most important values to test for in any RF circuit because this value 

relates to the devices VSWR and reflection coefficient which determines how much power is 

reflected back when we connect another device to it. A common value to aim for with a S11 

value is 50  since it is common in industry however this can be adjusted to another value if 

desired. This is a simple simulation to run however its value holds a lot of meaning therefore it 

is extremely important that this simulation is ran. In this design, we selected internal values for 

the ZS component so that our RF input would already be matched to 50 . After running the 

simulation and plotting it on a Smith chart we find that our input impedance is around 49  

which is acceptable for our design.  

Layout: 

 Once the simulation values are at an acceptable value for your application, the final 

stage is to layout the design. While this may not seem like an important factor to the final 

results, an intelligent and strategic layout is critical for a successful fabrication of the final 

device. While some of the strategies used to create the layout seen in Fig. 13 were good, there 

were other techniques that could have been implemented to further improve the design. A 

technique common to a lot of IC design is placing the traces and the metal routes at the 

minimum spacing to save space. This was not implemented in the current layout which means 

we would have been able to save a lot of space by placing the transistors closer together and 

spacing the routing lines closer. Something not relevant in all RF designs but is with this design 
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is placing your inductors orthogonally to each so as to prevent them from coupling together. 

Coupled inductors will cause the inductance value to change which means that our input would 

no longer be matched to 50 . Another technique is routing longer traces on the metal layer 

with the lowest resistance which in this process was the top layer (orange in the layout). Putting 

these longer traces on the layer with the least resistance minimizes the resistance along with 

other parasitic elements. These parasitic elements have a very negative on RF circuits so finding 

ways to minimize it are imperative to a successful design. Finally, another technique would be 

to minimize the amount of crossing traces and when they do cross have them spaced as far 

apart as possible. This is another technique for minimizing the parasitic capacitance. Once the 

layout passes the design rule check (DRC) and the layout vs schematic (LVS) then it is important 

to run a RLC parasitic extraction of the layout. The extraction will factor in all of the parasitic 

elements of the system and recreate the layout with those factored in. This new extraction can 

then be used in the previous simulations to see how the mixer performs with the parasitic 

factors included.  

 If I were to redo the layout, I would first begin by focusing on trying to place the 

transistors as close as I could to each while leaving enough space for routing. This would 

already start to save space. However, for the traces I would allow for the traces to be a longer if 

it meant that it would prevent a lot of crossing. The reduced capacitance from not crossing is 

worth the small amount of added resistance to the trace. Finally, I would make the VDD and the 

GND traces a lot wider to reduce the parasitic resistance and inductance of the trace.  
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Fig. 13: Final layout of the mixer.  

Results: 

 Looking at the results of the simulations, we can see that the mixer does not perform to 

an acceptable level. This is found mainly in the conversion gain section where we have a gain in 

the -40 dB range. However, the port-to-port isolation is very good so during a redesign the goal 

would be to increase the conversion gain of the system to an acceptable level with out reducing 

the port-to-port isolation. In regards to the layout, spacing the transistors closer together and 
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being more strategic with the routing could result in a smaller layout with less parasitic 

elements.  

 For increasing the conversion gain, we have found that decreasing the width of the 

switching stage transistors can improve the gain dramatically. When following the tutorial by 

Steve Long it states that the width for the transistors in both the gain and switching stage 

should be the same. However, this results in a very poor gain as seen in the previous 

simulations. After decreasing the switching stage widths, we then get a conversion gain of 

about -20 dB. While that is still not an acceptable gain, it is a step in the right direction towards 

improving the design.   

Conclusion: 

 While we did not end with a successful mixer, we did however learn a lot about how a 

mixer operates, how to perform different simulations, and some things to consider when laying 

out an RF design. This is useful to understand when doing either a mixer redesign or any other 

kind of RFIC design. For this mixer, the best method for improving the gain would be to start 

back over at the designing stage and find new ways to improve the gain.   
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