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Abstract—CMOS low noise amplifiers represent the first active 
RF block on the receiver chain. Therefore, achieving low noise 
figure is of utmost importance. Event though the current CMOS 
amplifiers are optimized from the noise perspective, their noise 
figure still can be minimized by applying different compensation 
techniques. Based on an exhaustive literature, this article focuses 
on the noise cancellation principle, trying to offer some insight in 
designing low noise amplifiers with noise cancelling.  
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I.  INTRODUCTION 

The MOS transistor is recognized to have two noise 
sources:  

a) flicker noise (or 1/f), caused by the charge carriers 
trapped at the interface between oxide and silicon and modeled 
as a voltage source in series with the gate; 

b) thermal noise, associated to the resistive channel and 
modeled as a current source in parallel between drain and 
source. 

Both noise sources are illustrated in Fig. 1 for an NMOS 
transistor. The thermal current noise can be approximated as 

mn gkTfI 4)(2  for long channel devices, where k is the 

Boltzmann constant, T is temperature in Kelvin, 
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Figure 1.  Sources of noise for MOS transistors. 

Contrary to flicker noise whose influence decreases with 
frequency, the thermal noise becomes more significant as the 
frequency increases. This is the reason why the amplifiers 
envisaging higher frequencies (e.g. GHz applications) must be 
carefully designed from the noise perspective, the thermal 

noise being the major issue for RF/microwave amplifiers. Gain 
and noise are strong related each other at high frequencies, any 
decrease of gain causing a corresponding noise increase. As a 
major effect, the noise increase decreases the receiver 
sensitivity, therefore compensating the noise is in fact the first 
task when designing an RF front-end. 

II.    INTERNAL NOISE COMPENSATION 

Before presenting the cancellation principle, as proposed in 
the literature, it is important to clarify the concept of noise 
compensation. In this regard, it must be mentioned that the 
antenna receives not only the desired (deterministic) signals but 
also noise signals such as cosmic noise from stars or terrestrial 
background noise. And the main problem with the input noise 
is that of being multiplied by the same ratio as the input desired 
signal and also increased due to supplementary (individual) 
noise added by each active RF block from the receiver chain. 
Thus, the overall noise factor is continuously degraded from 
the receiver input to its output (ADC input). This is clearly 
shown by the Friis formula (1), where Gi represents the block 
power gain considered in linear units:  
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As it states, the overall noise factor of several RF cascaded 
bocks is mainly set by the first block on the receiver chain, 
therefore the importance of using a low noise amplifier as the 
first on the RF chain. Hence, this formula refers to the thermal 
noise generated by the active devices from the receiver chain 
and not to the noise existent at the RF front-end input. 
Normally, the LNA is optimized for minimum noise while 
achieving moderate/high gain and good linearity. However, 
particular techniques can be implemented in order to 
compensate the extra noise produced by the input transistor 
(buffer) of the LNA. This thermal noise is in fact the noise that 

must be compensated (e.g. )(2 fIn in Fig. 1) and is truly 

minimized by these techniques proposed in the literature. Since 
it is white, having constant power spectral density within the 
entire spectrum, and at the same frequency as the signal, its 
rejection is not possible by filtering. This is the reason why, the 
LNA structure becomes more complicated, supplementary 
transistors being added and additional signal paths are created 
in order to compensate the internal noise at the output. 
However, the price for a smaller NF is, in this case, a higher 
power consumption and larger chip area.  
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III. INPUT BUFFERS FOR LNA 

After studying the literature dedicated to CMOS low noise 
amplifiers, an important conclusion would be that all LNAs use 
either common source (CS) or common gate (CG) transistors 
as input stages. This signifies that the noise can be 
compensated for both CS and CG transistors. However, to do 
this, two correlated versions of the noise current must be 
achieved at the circuit input, hence the importance of how the 
first LNA transistor is configured for simultaneous input 
impedance matching and noise cancellation. 

Regarding the CS stages, it is important to notice that the 
classical CS amplifier with inductive degeneration, configured 
in Fig. 2a for wideband matching (narrowband matching 
without L1,2, C1,2) and widely used to implement CMOS LNAs 
in practical transceivers, does not fit the noise cancellation 
concept. The main reason is the difficulty of obtaining two 
correlated noise voltages at the gate and drain nodes. This is 
the reason why, shunt-feedback CS stages are used to 
implement instant input matching, being suitable for noise 
compensation. In this regard, three versions are reported in 
literature: resistive shunt feedback (Fig. 2b) [1-5], resistive 
shunt feedback with decoupling capacitor (Fig. 2c) [6-9] and 
shunt feedback CS stage with current reuse (Fig. 2d) [10-17]. 
The feedback resistor Rf can be replaced by an NMOS 
transistor (Fig. 2e) [18], too. 

 
Figure 2.  Input stages for CS LNA. 

The input buffer shown in Fig. 2b offers very good 
wideband impedance matching but low NF and power 
consumption can be hardly achieved across a large frequency 
range. However, as can be noticed in Fig. 3, this stage has an 
interesting property from the noise perspective. Thus, thanks to 

the feedback resistance, the noise current generated by M1 
flows towards the input ground through Rf and RS (the 
generator internal resistance, 50Ω). Therefore, it generates two 
correlated noise voltages vn,Y and vn,X that are in phase while 
the input and output signals vX and vY have opposite signs. In 
conclusion, such amplifier allows the noise cancelling 
implementation, being suitable for single-ended output LNA. 
However, since vn,Y and vn,X have different amplitude, 
depending on the RF/RS ratio (A=RF/RS=vn,Y/vn,X), the circuit 
must be carefully designed in order to truly compensate the 
noise. For practical implementation, the feedback resistor RF is 
larger than RS, so that its noise can be neglected compared with 
the main noise contributor M1. However, a trade-off between 
impedance matching and noise must be taken into account 
since Rf degrades NF by approximately 1.2 dB [19].  

 

Figure 3.  Resistive shunt feedback LNA. 

The previous discussion is also available for the input 
buffer shown in Fig. 2c, the DC decoupling of the feedback 
resistor -proposed in [19]- being the single difference between 
these two buffers. Regarding these two architectures, it is not 
mandatory to connect the feedback resistor at the input buffer 
drain as it can be connected also to the cascode transistor drain 
[3, 6, 8, 9]. 

The third solution is to use a shunt feedback CS stage with 
current reuse (Fig. 2d). The idea behind this topology is that the 
same transconductance gm can be achieved with less current 
(power consumption) by replacing the single NMOS CS 
amplifier (M1) with two transistors (M11 and M12), as illustrated 
in Fig. 4. Well-known as the classical inverter topology, this 
was also proposed as amplifier [20]. In this case, the equivalent 
transconductance is the sum of both transconductances. Since 
achieving low noise figure imposes large transconductance for 
CS amplifiers, using an inverter topology offers the same noise 
figure with half power consumption. The supplementary 
resistor Rf helps for adjusting the error of the noise figure 
compensation. In addition, such circuit can easily be matched 
at the input since Zin=1/(gm1+gm2). From the noise perspective, 
the discussion is the same as above, with the remark that two 

noise currents are compensated ( )(),( 2
2

2
1 fIfI nn ) in this case. 

Moreover, the signal voltage has opposite sign at the inverter 
output while the noise has the same phase at both input and 
output, therefore the transistor noise can be cancelled.  

As can be noticed from the previous architectures, an 
important advantage of the CS amplifiers over the classical 



inductively degenerated CS LNA consists in occupying less 
chip area, on-chip inductors not being required. However, 
blocking capacitors still increase the total area. 
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Figure 4.  Principle of current reuse. 

CG topology is widely used in literature to implement noise 
compensated LNAs, this stage offering two advantages over 
the CS counterpart:  

1. It can be simply matched at the input by adjusting the 
biasing current, therefore no supplementary (passive) 
component being required. In addition, it already offers 
wideband matching while the CS stage must use supplementary 
shunt-feedback to achieve the same frequency performances. 

2. As shown in Fig. 5, the CG case is similar to the CS one 
from the noise perspective. Thus, its channel noise can be 
modeled in the same way, with a noise current source inserted 
between drain and source and having the same polarity. As can 
be noticed, two correlated versions of the current noise source 
and with opposite phases are naturally available for further 
signal treatment in this case. Therefore, even though having 
larger noise than the CS counterpart, this stage is more 
attractive when implementing noise cancellation schemes, 
more simplified in this case. 

  
Figure 5.  CG noise source. 

As in the CS case, there are several topology variations 
proposed in the literature, depending on the impedance used to 
ground the transistor source terminal. In this regard, grounding 
the CG transistor source with current sources [21], resistors 
[22-24], (choke) inductors [25-41], transistors [42-49] and even 
(auto) transformers [50-55] were proposed in the literature 

(Fig. 5). All these architectures are implemented, as in the CS 
case, with noise cancellation. 

           

 

Figure 6.  CG topologies with (a) current sources, (b) resistors, (c) inductors, 
(d-e) transistors, (f) transformers for single-ended  and (f) cross-coupled 

transistors for differential input.  

IV. THE PRINCIPLE OF NOISE CANCELLING 

With the two input buffers reviewed above, it is interesting 
to find out how the internal thermal noise can be compensated 
for a CS amplifier and CG respectively. However, before doing 
this, it is worth reviewing several things: 

a) The scope of implementing the noise cancellation 
technique is to increase the signal-to-noise ratio at the circuit 
output (SNRout). Although the circuit is noisier at the input, it 
offers a better SNR with noise compensation. In this regard, all 
references mentioned in this article (and resumed below) report 
sufficiently low NF, even in cases where NF might seem high, 
such as NF ~ 3...4 dB, as in the case of (ultra) wideband 
amplifiers. 

b) In addition to the advantages presented above, the noise 
cancellation scheme decouples the matching problem and noise 
optimization, the trade-off between noise and impedance 
matching being avoided. This constitutes a real benefit for 
practical LNA design. 



c) The main idea behind the noise cancelling concept is to 
achieve two correlated versions of the LNA input stage (CS or 
CG) noise signal and adding them at the circuit output without 
affecting the input signal. In this way, the input signal is 
amplified at the output (since there are two signal paths) while 
the noise is minimized. Noise studying can be done either 
working with currents or voltages. Since all RF circuits operate 
with voltages and not currents, all authors prefer to present 
their technique using voltages, fact that makes the study easier 
and more intuitive. This review presents the noise problem 
from the same voltage perspective, as already shown in Fig. 3 
and 5. 

The noise compensation problem can be split in two parts: 
achieving, no matter how, two correlated versions of the input 
noise and adding them at the output, respectively. As the 
cancellation principle works, it seems that the input buffer (and 
how the correlated noises are obtained) and the adder scheme 
are dependent on each other. Therefore, an important remark 
here is that a particular adder is typical for some input schemes 
while a particular input scheme suits best a particular adder. As 
can be notice when studying the noise cancellation schemes 
proposed in the literature, single-ended and differential output 
LNAs signify two different adders. A first step into choosing or 
designing a particular compensation is to decide what adder 
topology is to be used and preferable. These adders are shown 
in Fig.7. 
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Figure 7.  Adders for noise cancelling principle, single-ended (a)  and 

differential (b). 

As can be noticed, single-ended adding topology is used 
when having two in-phase correlated versions of the input 
noise voltage, while differential one is suitable for the case 
with opposite phases. Table I classifies the LNAs depending on 
the single-ended/differential topology. 

TABLE I.  LNAS CLASSIFICATION  

Output 
CS input stage CG input stage Input 
SE DIFF SE DIFF 

Single-ended (SE) 
1-3, 5,6,8-12, 

15,17,18 
16 

23, 25,26, 
32,38,40-
42,44-46, 
48,49,52-

54 

21,22,24, 
30,31,34, 
36,37,50,

55 

Differential (DIFF) - 
4,7,13, 

14 
- 

27-29, 
33,35,39,
43,47,51  

In the table above, the single-ended to differential 
amplifiers are known also as active baluns. In the same time, 
several output differential topologies use external passive 
baluns in order to deliver single-ended outputs [22, 34, 50], 
easier to measure. In the meantime, transformers type baluns 
can be used to apply differential signals from a single-ended 
input source, with the main advantage of biasing the LNA [51]. 
However, these baluns are required for measurement only since 
a (differential) mixer usually follow the LNA (if SAW filter 
not required after the LNA), therefore the circuit still remains 
differential, being considered in Table 1 as fully differential. 
Therefore, the fact that a circuit is reported in literature as 
differential does not necessary mean that the noise cancellation 
principle can be implemented in or requires differential 
topology. The cross-coupled technique shown in Fig. 6g clearly 
envisages differential topologies. 

Other two remarks can be mentioned here: 
1. The noise cancelling technique is not affected by and 

does not depend on the circuit output resistance, which is an 
important advantage. 

2. There is no 'pure' CG based LNA, all LNAs using CG 
buffers at the input makes use of a second CS transistor to 
further process the second correlated noise version, even the 
cross-coupled one. Such amplifiers are in fact CS-CG LNAs, 
such as the baluns (SE input - DIFF output) in Table I.  

3. The advantage of single-ended topology (Fig. 7a) over 
the differential one consists in offering instantaneous 
impedance matching at the output, since the output load 'sees' 
the source of M2 (NMOS transistor) which can offer an output 
impedance of 1/gm2=50Ω.  

Putting together the buffers shown in Fig. 2, Fig 6 and the 
output stages shown in Fig. 7, the principle of noise cancelling 
can be generalized as shown in Fig. 8, each reference coming 
with little changes on how the signal path is implemented, how 
many stages has the amplifier (several stages automatically  
means increased gain), how signal distortions are minimized, 
and so on. 

Input 
buffer

SE/DIFF

input
vin

A

               
Figure 8.  Noise cancellation principle; the amplifier is usually a CS stage. 

The smallest noise figures achieved thanks to the noise 
cancellation principle are 0.45 dB (for in-phase component, 
thanks to the technique called 'noise squeezing') [40], 1.4-1.7 
dB [4] and 1.9 dB [20]. The second LNA is a fully differential 
broadband CS topology, implemented in a 90nm CMOS 
process and using the architecture shown in Fig. 6e. It achieves 
a high gain of 20 dB and a good IIP3 of -1.5 dB. The third is a 
wideband LNA, it achieves an NF of 1.9 dB while offering a 
gain of 19.8 dB in a wide bandwidth (0.2-6.6 GHz). Its IIP3 is 
1.6 dB, the circuit being implemented in a 0.13µm CMOS 
process. In the meantime, the largest gains achieved by the 
LNAs designed with noise cancelling are reported in two 
references proposing RF front-ends (LNA+mixer). The 
maximum overall gains are 36 dB [17] and 26-28 dB [31], the 
first being a 0.2-2 GHz DRM/DAB/DVB-H receiver while the 



second one a 3.1-10.6 GHz UWB receiver (with flat gain and 
NF). They report a noise figure of 3.1-6.1 dB [17] and 4.8-6.2 
dB [31], while being implemented in 0.18 µm and 0.13 µm 
CMOS process, respectively. As it can be noticed, it is still 
difficult to reach large gains and very low noise factors. In any 
case, the smaller noise factor, large gain and easier impedance 
matching make the noise cancelling an attractive technique for 
implementing the future LNAs on the market.  

V. CONCLUSIONS 

The principle of thermal noise cancellation, as applied for 
CMOS low noise amplifiers, was discussed in this article.  
Based on an exhaustive and up-to-date literature, the article 
offers a review of this principle from a systematic point of view 
while trying to remain as general as possible. The most 
important conclusion that can be drawn from this review is that 
the thermal noise cancelling imposed itself, thanks to the good 
results reported in the literature and its simplicity, as a viable 
solution for implementing very low noise figure CMOS 
amplifiers. Beside distortion cancelling, already proposed in 
literature, this principle clearly changed the LNA history. 
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