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Abstract—Noise cancelation characteristic of Capacitive Cross-

Coupling (CCC) and Cross-Coupled Transistor Pair (CCTP) 

circuit configurations to remedy noise degradation caused by 

active Q-Enhancement Circuit is analyzed theoretically and 

demonstrated via simulation. Differential common-gate low-

noise amplifier (LNA) has been utilized as the reference circuit 

for this work. The simulation has been carried out using 0.12µm 

CMOS process. Compared to prior publications, the proposed 

LNA demonstrated superior noise performance with good 

linearity and low power consumption. 

I. INTRODUCTION 

One of the challenges in the design of on-chip passive 
Radio Frequency filters is the low Quality factor (Q) of the 
inductors due to Ohmic resistance. An on-chip band-pass or 
notch LC filter suffers from poor selectivity, and; therefore, 
inadequate suppression of unwanted signals such as Inter-
Modulation (IM) products, Harmonics, blockers, image 
frequency, etc. In order to improve the selectivity of RF filters, 
the Q-Enhancement Circuit, as depicted in Fig. 1, is often 
employed. 
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Figure 1.  Q-Enhancement circuit 

Despite improving the Q of the inductor, the Q-
Enhancement Circuit degrades circuit noise performance. As 
such, it is prudent to identify and employ techniques to 
remedy the noise performance degradation attributed to the Q-
Enhancement Circuit. 

This paper will attempt to review and analyze the noise 
cancellation mechanisms that improve the noise performance 
of the main circuit, and, consequently, remedy the noise 
degradation associated with the Q-Enhancement Circuit. 

The organization of this paper is as follows: in Section II, 
the Noise Performance of a Differential Common-Gate 
Amplifier (DCGA) employing the Q-Enhancement Circuit 
will be analyzed mathematically and verified with simulation. 
In Section III, two major noise cancellation circuit topologies 
proposed in [1] and [2] are added consecutively to the circuit 
of Section II, and the corresponding noise performance is 
analyzed and verified by simulation. Performance summary of 
the final circuit is discussed in Sections III, and comparison 
with the results published for relevant circuit topologies is 
provided in Section IV. Ultimately, the conclusion is drawn in 
Section V. 

II. NOISE PERFORMANCE OF DCGA WITH Q-

ENHANCEMENT CIRCUIT 

Fig. 2 illustrates the differential common-gate amplifier 
employing the Q-Enhancement circuit. 
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Figure 2.  Differentrial CG amplifier employting Q-Enhancement circuit 

The component values in the load tank of Fig. 2 have been 
determined in order for the tank to resonate at 1.96GHz. The 
input matching condition for the reference circuit of Fig. 2 is 
as follows: 



         
 

  
 

Using the noise cancellation procedure demonstrated in 
[3], the noise factor (F) of the circuit of Fig. 2 may be derived 
as follows: 

     
  

  
 

 

     
  

  

  
 
             

   
   

  
                    

   
     

  

where   is the excess channel thermal noise coefficient, 

  
  

   
; with     defined as the zero-bias channel 

conductance, and     represents the load impedance at the 
resonance frequency. 

In (2), the second and the last terms represent the amplifier 
   and the load noise contributions, respectively. The third 
term, however, is introduced by the Q-Enhancement circuit. 

Applying the input matching condition to (2), the noise 
factor equation is simplified to: 

            
  

  
 

  

  
         

             

  


Equation (3) demonstrates that Q-Enhancement circuit 
degrades the noise performance due to introducing its own 
noise; however, it improves the load noise by a factor of 
         

 . 

The minimum noise factor of the Q-Enhanced circuit of 
Fig. 2 is derived as follows by taking the derivative of the 
matched noise factor with respect to     and equating to zero 
(0): 


         

    
            

 
 

  
   

  

   
  

Inserting the optimum value of     from (4) and the 
equivalent of    as a function of    from (1) into (3) 
provides the minimum noise factor of the circuit topology of 
Fig. 2 as follows: 

         
  

  
 

  

  
 
  

  
    

  

  
  

The noise figure simulation result for the circuit in Fig. 2 is 
illustrated in Fig. 3. 

 

Figure 3.  Noise figure of the Q-Enhanced differential common-gate 
amplifier. 

At the resonance frequency of the tank (i.e., 1.96GHz), the 
noise figure is 2.1dB. The noise cancellation methods 
discussed in the next section will attempt to reduce this noise 
figure. 

III. NOISE CANCELLATION METHODS 

The noise cancellation methods adopted in this work are 
those reported in [1] and [2]. 

A. Capacitive Cross-Coupling (CCC) Noise Cancellation 

method 

Fig. 4 illustrates the differential common-gate amplifier 
where both the Q-Enhancement circuit and the CCC noise 
cancellation method are employed. 
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Figure 4.  Differential common-gate amplifier with Q-Enhancement circuit 

and CCC noise cancellation 

The input matching condition is derived as follows: 

         
 

   
 

Similarly, the noise factor of the differential common-gate 
amplifier with Q-Enhancement circuit and CCC noise 
cancellation technique may be derived as follows: 

     
  

  
 

 

      
  

  

  
 
              

    
   

  

                     

    
     

  

In order to be able to clearly see the noise improvement 
behavior of the CCC noise cancellation technique, the input 
matching condition is applied to (7) to arrive at the matched 
noise factor as follows: 

            
 

 
 

  

  
 

  

  
         

             

  

  

Comparing (8) with its counterpart (3), we conclude that 
only the noise factor of amplifier transistors    and    are 

halved as evident by the  
 

 
  coefficient of 

  

  
 . Furthermore, 



the noise factor due to the Q-Enhancement circuit and load are 
unchanged. 

Similar to (4), the optimum transconductance for the Q-

Enhancement circuit transistors (i.e.,    ) is obtained as 
follows: 


         

    
            

 
 

  
   

  

   
  

Inserting the optimum value of     from (9) into (8) 
provides the minimum noise factor of the circuit topology of 
Fig. 4 as follows: 

          
 

 
 

  

  
 

  

  
 
  

  
    

  

  
  

The noise performance of the circuit of Fig. 4 is illustrated 
in Fig. 5. 

 

Figure 5.  Noise figure of the differential common-gate amplifier employing 

Q-Enhanced circuit and CCC noise cancellation technique. 

Comparing Fig. 5 with Fig. 3 confirms that at the 
resonance frequency of the tank, the noise figure has improved 
following utilization of the CCC noise cancellation technique. 
This improvement is only 0.2dB. 

B. Cross-Coupled Transistor Pair (CCTP) Noise 

Cancellation method 

Fig. 6 illustrates the differential common-gate amplifier 
where Q-Enhancement circuit and CCC and CCTP noise 
cancellation methods are employed. 
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Figure 6.  Differential common-gate amplifier with Q-Enhancement circuit 
and CCC and CCTP noise cancellation 

   and    are the Cross-Coupled Transistor Pairs that are 
responsible for partial cancellation of the noise of amplifier 
transistors    and    . They also contribute to the biasing of 
amplifier transistors. Nevertheless, due to the difference in the 
transconductance values, additional current sources (not 
shown in Fig. 6) are used to adjust transconductance values 
independently. 

The input matching condition is derived as follows: 

    
 

        
 

where    is the transconductance of the CCTP. 

Using the same procedure as in [3], the general noise 
factor of the differential common-gate amplifier with Q-
Enhancement circuit and CCC and CCTP noise cancellation 
techniques may be derived as follows; ignoring the noise due 
to the current source transistors (not shown in Fig. 6): 

  

  
  

  
 
          

      
  

  

  
        

  

  
 
                    

    
   

  
                           

    
     



where    is the channel thermal noise coefficient of the 

CCTP and    
   

   
. 

The third term in (12) represents the noise contribution of 
the CCTP. Applying the input matching condition to (12), we 
have: 

            
  

  
 
          

     
  

  

  
           

  

  
 

   

   
   

  
          

   
     

  

In order to derive the minimum noise factor from (13), 

partial derivative of          with respect to     and     
are calculated as follows: 


         

    
       

 

  
   

  

  
  

Examining (13) reveals that for the partial derivative of 

         with respect to     , we may ignore the last two 
terms, as they are negligible compared to other terms. Also, 
assuming       and       we have  


         

    
         

  

 
 

Inserting (14) and (15) in (13) we obtain the minimum 
noise factor as follows: 



               
  

  
 

  

  
 
   

  
  

The noise performance of the circuit of Fig. 6 is illustrated 
in Fig. 7. 

 

Figure 7.  Noise figure, voltage gain, and input return loss of the DCGA 
employing Q-Enhanced circuit and CCC and CCTP noise cancellation 

techniques 

Fig. 7 confirms that the CCTP further improves the noise 
performance of the differential common-gate amplifier by 
about 0.15dB at the resonance frequency of the tank. This 
improvement may not appear high; however, considering the 
fact that CCTP as well as the bias current sources (not shown 
in Fig. 6) are active devices and add noise to the circuit, the 
overall noise performance is, in fact, improved. In other 
words, the CCTP has mitigated the noise of the additional 
active devices introduced in Fig. 6, and at the same time 
maintained a slightly better overall circuit noise performance 
compared to the CCC technique alone. As such, Fig. 6 
represents the recommended circuit topology to remedy noise 
degradation due to Q-Enhancement circuit. 

IV. PERFORMANCE SUMMARY AND COMPARISON 

In order to demonstrate the attractiveness of the 
recommended circuit topology, Table I provides the 
performance comparison with some of the recent publications. 

TABLE I.  PERFORMANCE COMPARISON OF THE RECOMMENDED 

CIRCUIT TOPOLOGY WITH OTHER RECENT AND RELEVANT PUBLICATIONS 

Parameter [3] [4] [5] [6] [7] [8] 
This 

Work 

Freq(GHz) 2 0.8-6 7.27 3-11 0.8-11 2/2.4 0.8-6 

NF (dB) 4.8 2.5 5.1 3 5.6 5.8 1.8 

Gain (dB) 19.8 18 22.6 15.9 16 23.4 17 

    (dB) -12.2 -10 -17.5 -9.9 -12 -20 -17.7 

IIP3(dBm) -2.6 _ -13 -8.5 +1.6 -7.5 -2.6 

Pwr.(mW) 10.8 12.5 21 9 14.4 24 8.2 

Supply(V) 1.2 2.5 1.7 1.2 1.5 1.5 1.2 

Tech(µm)1 0.12  0.09 0.13 0.13  0.13 0.13  0.12 

1 All technologies are of CMOS type, except for [5], which is of BiCMOS type. 

Table I confirms that the recommended circuit topology in 
this work is superior to other publications in the areas of Noise 
Figure and Power Consumption. Furthermore, it ranks as 
number two (2) in linearity. 

It shall be noted, however, that this work was primarily a 
mathematical analysis supported by simulation results; as 
such, in comparing the data presented in Table I, the reader is 
advised to take into consideration the fact that the results of 
other publications are obtained via measurement of fabricated 
designs. Nevertheless, this does not diminish the value of this 
effort, as, to the best of authors’ knowledge, this is the first 
publication, where a solid approach for mitigation of noise 
degradation of active Q-Enhancement circuit is analyzed 
thoroughly and confirmed with simulation. 

V. CONCLUSION 

The effect of Q-Enhancement circuit on amplifier 
performance was analyzed and verified by simulation. 
Furthermore, two noise cancellation techniques were 
discussed and their effect on circuit performance was analyzed 
and simulated. The resultant circuit exhibits noise figure of 1.8 
dB, IIP3 of -2.6 dBm, power consumption of only 8.2 mW, 
S11 of better than -10 dB over the frequency band of 800 
MHz to 6 GHz, and gain of 17 dB. 

It was proved via analysis and simulation that a differential 
common-gate amplifier incorporating Q-Enhancement circuit 
that is often considered a noisy configuration may be a good 
candidate for wideband, low-noise, low-power, and high-gain 
applications if it is equipped with Capacitive Cross-Coupling 
(CCC) and Cross-Coupled Transistor Pair (CCTP) noise 
cancellation mechanisms. 
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