
 
Fig. 1 Configurable-gain topologies 
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Abstract—A wideband CMOS variable gain low noise amplifier 
suitable for multi-standard radio applications between 75 MHz 
and 3 GHz is presented. Wideband matching to 50 Ohm (single 
ended) is achieved using a common-drain feedback stage 
whereas variable gain is realized using a resistive attenuator. 
The circuit has been designed in a 65 nm CMOS process and 
achieves 22 dB maximum gain, 29 dB gain range, 3.3 dB noise 
figure, and an IIP3 higher than -4 dBm. 

I. INTRODUCTION  
Many different Wireless Communication Standards have 

been introduced the past few decades to facilitate the 
increasing end user’s demands. These standards can be 
grouped in three major categories: voice and moderate-speed 
data communication needs fulfilled by the cellular access 
technologies such as GSM and CDMA, high data rate demand 
mainly satisfied by the IEEE 802.11 series of standards and 
finally, the need of establishing a Private-Area Network 
(PAN)is made possible via the introduction of the Bluetooth 
standard. Furthermore, satellite based positioning systems (for 
e.g. GPS, GLONASS, Galileo) operate also at nearby 
frequencies and there are several standards available 
worldwide for the Digital Television (DTV) application using 
a number of different frequency bands [1]. 

The aforementioned user demands places a great number 
of design challenges considering the development of the LNA 
as being the most critical block of an analog front end. The 
LNA circuit designer has to take key considerations into 
account, the most important being the ability to operate across 
a wide range of frequencies, followed by sufficient gain in 
order to overcome noise contribution by subsequent stages. 
Apart from that, the gain should remain as flat as possible 
within the specified range of frequencies (bandwidth) to avoid 
distortions. The LNA must also provide good handling of 
large signals without distortions, i.e. has good linearity. In 
addition, as the antenna is commonly designed for the 
standard 50 Ohm termination, the input impedance of the 

LNA must he matched to 50 Ohm to ensure optimum power 
transfer. 

Most commonly used methods to achieve 
multiband/wideband functionality include the use of either a 
number of frequency selective type of LNAs connected in 
parallel or a switching output load [2-4].  While the main 
drawback of this approach is the large die area early versions 
of wideband amplifiers such as the shunt-series feedback 
amplifier and the common-gate amplifier suffers from poor 
noise figure and do require the input impedance to be matched 
[5]. 

Single-ended input LNAs are usually preferred to 
minimize the use of I/O pins and also due to the fact that 
antennas and RF filters produce a single ended signal. In 
contrast, on the receiver side, differential signaling is preferred 
for reducing the second-order distortion while rejecting power 
supply and substrate noise. 

Regarding gain programmability, the available LNA 
design approaches are limited to either a non-programmable 
topology complying with all recommended specifications 
simultaneously or as a programmable topology conforming in 
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Fig. 2 Block diagram of the two stage wideband variable 
gain LNA  

 
 

Fig. 3 Stage 1 (input stage) of the proposed wideband LNA 

this way to a variety of different set of specifications and input 
power ranges. 

Typically, the programmable LNA architectures are 
usually developed by varying either the load impedance [6], 
[7], the input transconductance [8]–[10], or using pre-
attenuation-based topologies [11]–[15], as shown in Fig. 1. 

In this paper, we are going to present the design of a  
variable gain LNA capable of simultaneous operation in the 
band ranging from 75 MHz to 3 GHz on a well-established 
commercial digital 65 nm CMOS process as shown in Fig. 2. 
In order to achieve a wideband impedance-matching to 50 
Ohm (single ended) we make use of a common-drain feedback 
stage, while the variable-gain functionality is implemented 
using an attenuator. Each individual block will be thoroughly 
investigated in later sections, along with the performance of 
the LNA. 

 

II. CIRCUIT DESIGN 
A.  Stage 1 

The input stage is a common-source amplifier with a 
common-drain feedback stage, as shown in Fig. 3 [16]. 

A differential topology has been selected as it is well-known 
for being robust and less sensistive to supply noise.  The 
cascode transistor M2 is used to reduce the Miller effect and 
to improve the reverse isolation. The wideband impedance-
matching of 50 Ohm (single ended) is achieved by using a 
common-drain feedback stage consisting of M4 and R2. 
Transistor M5 along with the resistor R4 acting as a current 
source. The selected architecture provides additional 
flexibility when used for low noise figure performance 

(dependent mainly on M1) while at the same time meets the 
required input impedance specification (controlled by M4). 
 

To ensure a certain tranconductance level and to maintain 
an adequate linerity, a quite large, dimensions wise, input 
transistor is needed along with a certain amount of bias 
current. Thus, the cascode transistor is driven into the linear 
region due to the reduced headroom caused by a voltage drop 
at the resistive load RL. Minimizing the resistance RL is not an 
available option since that would cause a gain drop. Although 
the proposed LNA operates at an I/O voltage of 2.5V, for an 
implementation in 65 nm CMOS process with a core supply 
voltage of 1.2 V the voltage drop would have been too large 
and therefore the PMOS transistor (M3) is inserted. The 
purpose of this transistor is mainly to feed a bias current to the 
main input transistor (M1) ensuring that not all of the current 
has to flow through the load resistor and the cascode transistor 
(M2). 

By connecting the gate of M3 to the input the overall gain 
will be improved, even though the transconductance of the M3 
is smaller in comparison with that of M1,while the noise 
contribution will be reduced. 

The gain of the input stage is: ܣజ ൌ െ൫݃௠,ெଵ ൅ ݃௠,ெଷ൯ܴ௅ ௚೘,ಾమ௚೘,ಾమశ೒೏ೞ,ಾభశ೒೏ೞ,ಾయ              (1) 

The wideband impedance matching to the source 
impedance is provided by the common-drain feedback stage, 
consisting of M4 and R2. The feedback transistor M4 is AC-
coupled in order to be biased independently of the output’s 
DC-level. The LNA’s output drives the gate of M4 with a 
signal of large voltage amplitude. This large signal-swing at 
the output leads to a non-linear response from the feedback 
path with immediate effect to the linearity of the entire LNA. 
To rectify this undesired behavior, the resistor (R2) is 
connected in series with the M4 to improve the linearity of the 
feedback mechanism. 

Ignoring the reactances, the input impedance can be 
expressed as: ܼ௜௡ ൌ ଵା௚೘,ಾరோమ௚೘,ಾరሺଵା|஺ഔ|ሻ                                                           (2) 

Concerning the noise figure, all transistors and resistors 
are assumed to generate a noise voltage appearing at the 
output. A significanlty downscaled  and bandlimited version 
of this noise is fed back to the input through the common-
drain feedback stage, where it gets amplified and inverted 
before coming out at the output. This feedback mechanism 
cancels some of the correlated noise and thus, the overall 
output noise is reduced. All resistors and transistors, except 
M5, are part of this feedback loop and their noise contribution 
is partialy cancelled. The noise from M5 appears directly at 
the input and since this transistor is outside the feedback loop 
its noise contribution is amplified and summed at the output. 
To avoid this unseccary contribution, it is important to keep 
gm,M5 as small as possible. This can be done since gm,M5 has 
nothing to do with neither gain or input impedance.  
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Fig. 4 The buffer employed in Stages 2 and 3 

 
Fig. 5 The attenuator (single ended version shown) 

 
Fig. 6 Voltage gain simulation results 

 
Fig. 7 S11 simulation results (for all settings) 

B. Stage 2and Stage 3 
The buffer, shown in Fig 4. is implemented as two 

common-drain stages. 

The main purpose of using these stages is to accomplish a 
differential output impedance of 600 Ohm. In order to reduce 
the parasitic capacitance at the input of the buffer, the sizes of 
M1 and M2 (Fig. 4) should be kept at a minimum possible, 
despite the higher loss being equal to 2 dB for each one. 

 

C. Attenuator 
The resistor based attenuator  has excellent linearity and 

accounts for less area, whereas impedance matching can be 
easily achieved. Fig. 5 shows the proposed attenuator with 
five gain steps.  

Attenuation is realized by controlling the NMOS switches. 
When one of the switches is on, the impedance seen from 
ATTin is a constant, given as: 

Rin = 2/3RATT                                                                                                             (3) 

If the output impedance of the 2nd stage is 300 Ohm (single 
ended), the value for RATT in Fig.5 can be calculated to be 450 
Ohm. 

III. PERFORMANCE 
This section presents the simulation results for the 

proposed LNA. Voltage gain, noise figure, IIP3, and results 
over frequency are presented for all cases. 
The proposed LNA achieves a total voltage gain range of 29 
dB, with a maximum voltage gain of 22 dB and a minimum 

gain of -7 dB, as shown in Fig. 6. The S11 is below -9 dB 
along the bandwidth (75 MHz – 3.0 GHz) in all operating 
modes, as shown in Fig. 7. The IIP3 has an almost flat 
frequency response with a minimum value (at 22 dB gain) 
higher than -4 dBm at 2 GHz. The noise figure has a 
minimum value of 3.3 dB at the maximum-gain setting, as 
can be seen in Fig. 8. Finally, the LNA is unconditionally 
stable across the full band range while the input impedance 
can be easily adjusted to 75 Ohm by modifying appropriately 
the feedback path. 

A comparison with other, recently published, 
alternative configurable amplifier topologies covering the 
same frequency range is shown in Table I. In [17], a 
wideband LNA with gain control and current reuse is 
designed, providing a 13 dB max gain from 470 MHz to 3 
GHz whereas, in [18], a wideband, inductorless architecture 
with one gain step of ∼28 dB is proposed. In [19] a 
programmable wideband LNA for the Gigabit Home 
Networking (G.hn) wired technology is presented operating 
at frequencies ranging from 300 MHz to 2.5 GHz.  
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Fig. 8 NF simulation results 

TABLE I.  PERFORMANCE COMPARISON 

Ref [17] [18] [19] This 
work 

Bandwidth 
(GHz) 

0.47∼3.0 0.01∼5.0 0.3∼2.5 0.075-3 

Voltage gain 
(dB) 7∼13 

-10 or +18 
(one gain 

step) 
-16.6∼13.4 -7∼22 

Min. NF (dB) 2.5 2 3.2 3.3 

IIP3 (dBm) -3.5 -10  
(max 20) 

-1.8 
(max 28.9) -4 

Power (mW) 5.4∼27 2 or 38 23∼24.3 16.5 

Inductorless No Yes Yes Yes 

Differential No No Yes Yes 

Process 180nm 90nm 65nm 65nm 
 

It should be noted that most of the tabular data in Table I are measurement results, but in our case 
the reported findings are based on corner simulations (slow-slow, 2.25V, -40oC). 

IV. CONCLUSIONS 
In this paper, a CMOS wideband, variable gain, inductorless, 
fully differential low noise amplifier is presented. To provide 
wideband matching to 50 Ohm (single ended) for the LNA, a 
common-drain feedback stage has been proposed. Also, a 
gain control block employing a resistive attenuator has been 
implemented. Its performance is directly comparable to 
recent publications for applications like WiFi, WiMax, 
Bluetooth etc providing a gain of 22 dB, a gain range of 29 
dB, good input matching (S11<-9dB), a minimum noise 
figure of 3.3 dB, and an IIP3 of -4 dBm, while it only draws 
6.6 mA from a 2.5 V supply. 
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