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Design of Ultra-wideband LNA at operating frequency
4.1GHz with Current Reuse Techniques
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Abstract— This paper presents an ultra-wideband
(UWB) low noise amplifier (LNA) at operating frequency
4.1 GHz using a current-reused technique and source
degeneration input matching network is proposed. The
Implemented LNA presents a minimum Noise Figure of
1.069 dB at 4.1 GHz and the voltage gain obtained is
11.5dB.
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I. INTRODUCTION

The proposed Ultra Wideband LNA is designed to operate at
4.1GHz frequency. LNA design is one of the challenges in
radio frequency receivers, which needs a good input
impedance match, and a low noise Figure (NF) within the
required band or frequency. In this design current reuse
topology [1] and source degeneration technique is used. The
design is intended for narrowband application. The S
parameters are used to characterize the performance of LNA.
The S21 gives the value of gain for LNA, S11 tells about the
matching at the input port, S22 gives the information about
the matching at the output port and S12 is used to measure the
reverse isolation. The noise figure is the ratio of SNR at input
port to the SNR at the output port. For a good LNA, S21
should be as high as possible and S11 should be negative(in
db) so that no power get reflect at the input port. For the
maximum power at the output port, the S22 should also be
negative (in dB). The current-reused configuration can be
considered as a two stage cascade amplifier[3], where the
first stage is the CS amplifier, and the second stage is the
cascode amplifier and followed with an additional buffer
stage at the output.

II. PROPOSED CIRCUIT DESIGN

The designed CMOS LNA circuit for UWB systems is shown
in Fig. 1. The various components are connected in the
circuits which helps in improving the performnace of
LNA[4]. Inductor L2 is used for source degeneration
technique so that input of M1 seems to be resistive which is
given by
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where Z, is the parallel combination of L

ng | Vs - By
adjusting the value of frequency & L., the impedance can be

made resistive. L; and C; are used for the impedance
matching at the input port for low value of S;; or for
transferring the maximum power.

The cascode topology has been used to reduce the reverse
isolation means to reduce the load effect on the input
impadance. Transistors M1 and M2 are connected in cascode
with M1 as shown in Fig. 1. Shunt feedback topology has
been used for increasing the stability of the circuit. By using
the R1 as shunt feedback, the gain of the circuit get decreases
so transistor M3 is connected in cascaded with M2 to provide
the large gain.. The noise figure for an LNA circuit is given
by

NF=1+ L3R o)
o R,

where

¥ = Constant
& = Constant

R .
S = Source Resistance

R _ Load Resistance
The dependent current source will be equal to the MOFET

transconductance  with  the v, ie g,v, .The

transconductance of MOSFET is given by
21,
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3)

Em

& Vovr = (VGS - Vt) 4)

MOS Transistors M1 & M2 are connected in cascode form to
achieve good input and output isolation; a parallel
combination of inductor and capacitor (L3 ||C3) are used to
pass the desired band of frequency. Transistor M3 is used in
cascade with transistor M2 to increase the gain.

Fig.1 Proposed Circuit
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Transistor M4 and M5 are used for biasing purpose; a
combination of R1 and C1 is used as shunt feedback to the
input signal to maximize the gain.

At the input inductor (L1),capacitor( C2) and inductor(L2)
are used for better input impedance matching and
inductor(L5),capacitor( C5) are set to achieve good gain and
noise figure at desired frequency .

III. SIMULATION RESULTS

The simulation results are shown in below figures. Figure2
shows the gain (S21) of the circuit; the result shows that at
operating frequency 4.1 GHz gain is 11.5 dB.
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FIG. 2 Simulation Result for S21 vs RF Frequency

Figure 3 shows the simulation result for S11 which is -19.871
dB at operating frequency 4.1 GHz. High negative value of
this parameter shows that the good impedance matching at
input of the circuit.
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FIG. 3 Simulation Result for S11 vs RF Frequency
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Figure 4 shows the simulation result for minimum noise
figure for the circuit which is very good at operating
frequency 4.1GHz and it’s value is 1.069dB.
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FIG. 4 Simulation Result for NFmin. vs RF Frequency

Figure 5 shows the simulation result for S12 with varying RF
frequency. At operating frequency 4.1 GHz the S21 is
-35.297 dB.
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FIG. 5 Simulation Result for S12 vs RF Frequency

CONCLUSION

The CMOS LNA is proposed with 0.18um technology. The
value of gain is 11.5 dB at 4.1 GHz. The reflection at the input
port is -19.87dB.The minimum value of noise figure is
1.069dB at 4.1GHz. The proposed circuit has cascade and
cascode connection of transistors with current reuse technique
and designed for narrowband applications.
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