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Abstract- An ultra-wideband low-noise amplifier is proposed with operation up to 10.6 GHz. The amplifier is fabricated with a 0.13-μm CMOS 

process and adopts a single stage architecture and T type matching network for high gain, wide band, input-impedance matching, and low noise. 

The gain of 14 dB and minimum noise figure of 1.5 dB are measured over 3.1 to 10.6 GHz.  

 

Keywords— CMOS,  flatness, low-noise amplifier 

 

(LNA), matching, noise figure (NF), series peaking, wideband. 

__________________________________________________*****________________________________________________ 

 

I. INTRODUCTION  

RF integrated circuits (RFIC’s) are the basic building blocks of 

portable wireless communication devices. Ultra-wideband 

(UWB) technology is one of the most recent communication 

technologies which enable data transmission over a wide 

spectrum of frequency bands from 3.1 to 10.6 GHz with very 

low power and high data rates pHeMT technology is one of the 

best technologies for realization of RF front-ends. This is 

possible because of the following features such as low cost, 

continuous device scaling and high integration. Due to an 

increasing demand on the consumer electronic services, the 

operating frequency is moving towards the wide band (3.1-

10.6GHz). According to this, it is desirable to introduce 

innovative RF front-end designs. Low Noise Amplifiers, 

Mixers and Oscillators are the basic building blocks of RF 

front-end. In a typical design, LNA plays an important role 

because it is responsible for entire system sensitivity. 

Therefore, it should fulfill several requirements on the 

performance. These include providing stable 50 ohms input 

impedance, minimizing the noise figure. 

 

To optimize for the power and performance of  an 

LNA, this work reviews, coordinates, and exploits several 

device-level properties: 1) there exists characteristic current 

densities that yield optimal device transit frequency fT and 

unity power gain frequency fMAX ; 2) the MOSFET has a 

large transconductance per unit drain current gm/ID in weak 

inversion; 3) the minimum noise figure decreases as channel 

length L decreases; and 4) MOSFET linearity improves as 

drain current density increases, with a significant peaking in the 

moderate inversion region. In this letter, we propose a single 

stage wide band LNA with simplified T-match filter, yet it is 

capable of achieving input impedance matching and a low 

noise figure (NF). To ensure that the LNA has a significant 

gain across the ultra-wide band, thereby effectively reducing 

noise. 

 

II. DESIGN 

Fig.1shows a single-stagle WLNA is employed to 

simultaneously achieve a high gain and a wide band. The 

proposed UWB LNA consists of a T-match filter, to achieve a 

low NF over a wide band, the channel noise of MOS and the 

input matching network must be considered. The channel noise 

is related with a γ-factor, the process parameter of which 

depends on the bias condition, that is, the gate-source voltage 

Vgs and transconductance (gm). Therefore, the noise 

contributed by M1 can be minimized by considering its gate 

width and bias current. Simulation with Agilent’s Advanced 

Design System (ADS) produced an optimized M1 with a width 

of 300 μm, a gate bias Vg1 of 0.6 V, and a drain current of 12.2 

mA. 

 

 
The key specifications for characterizing the performance 

of an integrated LNA are gain, noise, linearity, power 

consumption, stability, and input matching. These 

specifications depend on the circuit topology. Compared to the 

common-source LNA, the common-gate LNA is more suitable 

for wide-band operation but suffers from relatively high noise 

figure (NF). Since the focus of this paper is wide-band 

applications, common-source would be a good choice. 

However, it suffers from the following shortcomings. 1) Poor 

isolation between input and output, due to the gate-to-drain 

parasitic capacitance Cgd, increases the chance of instability 

significantly. Stability can be ensured by designing the LNA 

such that it satisfies Rollett’s stability criteria. Verifying the 

circuit against the criteria is in practice rather computationally 

intensive. 2) The MOSFET output resistance ro decreases, 

causing noticeable performance degradation. For a common-

source amplifier, ro appears in parallel with the load 
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impedance in small-signal operation, decreasing the output 

impedance, and lowering the gain of the LNA. A possible 

solution is to increase the gate length L, which results in 

significant NF degradation. 

 
An LNA must provide an input matching to a typically 

50Ω element such as a band-select filter or an antenna. In a 

fully integrated receiver, LNA output matching is often not 

required as it is connected on-chip to the next stage in the 

receive chain. However, to minimize the number of off-chip 

components, a monolithic LNA should implement the input 

matching network on-chip. One popular approach is to use 

inductive degeneration. Since on-chip inductors have a limited 

range of values for which the Q is reasonable, the capacitor 

Cm can be added between the gate and source terminals of M1 

so that the values of Lg and Ls are reduced to permit on-chip 

implementation. Reducing the inductor value also improves Q, 

which reduces input losses and improves LNA NF. Adding 

Cm has another advantage of providing an extra degree of 

freedom for choosing the gate width W of M1, which 

decouples impedance matching requirements from power 

consumption requirements. A drawback of adding extra gate-

to-source capacitance is the degradation of fT of M1. 

 

The biasing of the transistors, characterized by the drain 

current ID, has strong implications on LNA performance such 

as gain, noise, and linearity. When a short-channel MOSFET 

is biased in saturation, ID can be expressed by 

 
Where νsat ≈ 107cm/s is the saturation velocity and Ec is 

the critical field (Ec ≈ 6×104 V/cm for electrons and 24×104 

V/cm for holes). As shown by above equation, when L is kept 

to its minimum, VGS and W are key design parameters that 

directly link to power consumption. Drain-to-source voltage, 

the performance of the MOSFET is strongly tied to the drain 

current density ID/W, which can only be modified by VGS but 

not by W. The following describe the sensitivity of gain, noise, 

and linearity to VGS and W. 

 

In this paper, an LNA is fabricated as cascade structure 

with RC feedback to ensure the stability and help to 

accomplish the impedance matching. The LC filter impedance 

matching method is applied to input and output ports on one 

GaAs substrate for higher integrating level. At last, an inductor 

is applied to the source of the transistor to accomplish the 

impedance matching and noise matching by the same time. 

The measurement result shows good performance on noise 

figure and VSWR. 

 

An important character of this structure is that it shows 

quite high output impedance comparing with CS LNA. As is 

known, the voltage gain of an amplifier, is presented as 

 

 
 

In this equation, Gm is decided by M1, which should 

typically make compromise with bias current, component 

capacity and so on in design. So the best way to improve the 

voltage gain is to maximum the parameter ROUT. 

 

Another important point of LNA is stability problem. In 

proposed design, an inductive degeneration technology is 

usually applied. This structure introduces a small inductor at 

source to supply a negative feedback structure. This inductor 

not only plays a significant role on stabilizing the circuit, but 

also helps to accomplish the noise matching of input stage. An 

important index of this inductor is its quality factor Q. The 

noise resistor of the inductor’s equivalent circuit affects the 

noise figure significantly. 

 

Besides the inductive degeneration technology, an RC 

feedback structure is introduced to the LNA to prevent the 

high frequency oscillation.  

 

By arranging the RC value rationally, the feedback 

frequency can be chosen manually. The feedback circuit 

blocks low frequency and passes the high frequency signal 

reversely. The negative feedback structure supplies LNA 

sufficient Margin for stabilization and prevents the oscillation. 

For input noise matching and output impedance matching 

method, the LC passive integrated circuits are applied. How to 

feed DC voltage to the GaAs amplifier is always a big problem 

for MMIC design. Traditionally, some negative voltages are 

required to drive the transistor working at saturate region. 

However, by applying the self-bias structure to the circuit, 

there is only one voltage VCC is needed. A resistor voltage 

divider circuit choosing the resistors with proper value, the 

voltage can be quite accurate as the whole chip is in a same 

process and temperature. 

 

Three techniques are adopted to achieve a flat gain vs. 

frequency response. First, each stage is designed to have a 

high gain at a higher or lower band. Second, a small resistance 

of RD decreases the quality-factor of parallel-resonance at a 

lower band between the load inductor LD and capacitance 

seen by this inductor, which makes the gain smaller but flatter. 

 

III. SIMULATION RESULTS AND MEASUREMENT 

 

Fig shows the simulation and measurement result of the gain, 

return loss of the proposed LNA. It can be seen in the 

simulation one that among the work band the highest gain can 

reach 14dB, which is quite a suitable value for the first stage of 

LNA to suppress the noise introduced by the second stage. The 

return losses of input and output ports reach a minimum value 

at 3.1-10.6GHz. Comparing with the simulated one, the 

measurement shows a little frequency deviation. 
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Fig. shows the simulation result of Input reflection coefficient, 

output reflection coefficient, reverse isolation, forward voltage 

gain, noise factor and stability coefficient, it can be seen in this 

figure that through the RC feedback and the source inductive 

degeneration technology, the stability coefficient is nearly 1. 

The whole LNA is unconditionally stable among the whole 

work band up to 10.6GHz, which proves the effectiveness of 

proposed structure. Figure shows the simulated and measured 

noise figure of the LNA.  As can be seen from the simulation 

figure, the noise reaches a minimum value over the band 3.1-

10.6 GHz with 1.5dB.  One possible reason may be that the 

values of inductor and capacitor have variation due to the 

processing error. 

IV. CONCLUSION 

 

A GaAs MMIC wideband LNA is GaAs process. The LNA 

applies single stage structure with source inductive 

degeneration technology and RC feedback for stabilization. 

The T-match filter method is applied for impedance matching. 

A resistor voltage divider circuit is used to supply DC self-bias 

voltage. The measurement shows good character on gain and 

noise figure with a little frequency deviation 

. 
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