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Abstract: An Ultra-Wideband (UWB) Low-Noise Amplifier (LNA) was implemented in a
90-nm CMOS process to minimize chip area and cost in RF applications. Passive inductors were
replaced with an active inductor to improve area efficiency, resulting in a compact layout of 23
pm % 15 um. The proposed design achieves a voltage gain of 15.5 dB at a 1.8 V supply and a
minimum noise figure (NF) of 5.7 dB at 2.30 GHz.

1. Introduction

The Low-Noise Amplifier (LNA) is a key block in RF receivers, responsible for amplifying
weak antenna signals before further processing. To ensure high receiver performance, the LNA
must provide substantial gain while maintaining a low noise figure (NF).

In 5G mobile communication, multiband operation within a compact receiver is essential,
making wideband and reconfigurable LNAs a critical design element. Although distributed
amplifiers can achieve broad frequency coverage, their high power consumption and large silicon
footprint limit suitability for 5G devices [1]. The noise performance of wideband LNAs with
feedback resistors is degraded by thermal noise. Passive inductors in LC band-pass filters at the
LNA input consume significant silicon area. A common-gate (CG) configuration achieves
wideband input matching without an input inductor, reducing the silicon footprint. [2].

Active inductors enable tunable inductance/Q-factor with reduced die area but increase power
dissipation and noise. Careful CG-LNA design is critical to balance noise and power for 5G SoC
applications [3].
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System-on-chip (SoC) integration of circuits offers manufacturers smaller integrated circuits
(ICs), reduced costs, and minimized silicon area. In [4], A low-noise amplifier (LNA) with
resistive shunt feedback and current reuse reduces power dissipation, while noise cancellation
lowers the noise figure. However, its passive inductors consume substantial chip area. This work
proposes an ultra-wideband LNA with an active inductor to minimize area, overcoming passive
inductor limitations.

The paper is organized as follows. Section 2 details the design of the CG LNA incorporating an
active inductor. Section 3 discusses the proposed modified noise-cancellation technique applied
to the CG LNA. Section 4 presents the corresponding simulation results, while Section 5
concludes the work.

2. Design of a Common-Gate LNA Incorporating an Active Inductor
2.1 CG LNA circuit design:

Figure 1 depicts a common-gate (CG) low-noise amplifier (LNA) architecture incorporating an
active inductor (LS). Transistors M2 and M4 provide biasing for M1 and M3, which form the
amplifier stage. The active inductor LS enables tuning and precise control of the input
impedance (Zin). The LNA is designed for an operating frequency (fo) of 2.3 GHz with a supply
voltage (VDD) of 0.9 V.

Noname V’}_‘I M3 Moname

=

Fig.1. Architecture for CG LNA with active inductor

The widths of transistors M1-M4 were determined for a channel length of 90 nm. Targeting an
input impedance Zin=75 Q for the common-gate LNA, the source inductance LS was calculated
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and realized as an active inductor. The implemented active inductor provides an effective
L¢=20nH its topology and design are described in the following section.

2.2 Active inductor design:

The active inductor is implemented using a Gyrator-C topology, formed by two cascaded
amplifiers that transform their intrinsic capacitance into inductive behavior. The adopted
Gyrator-C topology is shown in Fig. 2, and a single-ended active inductor is employed to meet
the requirements of the common-gate LNA.

Iin ——

Fig.2.Basic Gyrator-C Topology [4] Fig.3. Abdullah feedback resistance active inductor [
4]

converting a differential active inductor by grounding one output terminal wastes silicon area and
is often replaced by more compact designs, such as the Abdullah feedback resistance active
inductor

Replacing Rf with a MOS transistor in the triode region reduces chip area. Rf boosts inductance
L and lowers series resistance Rs, minimizing power loss.
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Fig.4. small-signal equivalent circuit [4] Fig.5. Noise cancellation technique for CG LNA [6]

Figure 4 shows the small-signal model of the active inductor, with total capacitances (intrinsic and
parasitic) at respective nodes. Parameters gm and go represent the trans conductance and output

conductance of MOS transistors, respectively. The admittance of the active inductor is derived in [4].
1

RN M
L]
(gmgmg) 9,9,
Where overall trans-conductance
G(w)= 2 20 (2% 2
(@)=g,, + 29,, = @ G| = 2
An inductor of inductance ‘L’ is used to represent the active inductor, where
2C
L=—3—
EmEm3 3)
In series with a resistor of resistance ‘R’ where
r - 0lo)
The quality factor ‘Q’ of the inductor is obtained from
ol 20C;
0~ 2=
R, G(w) (5)

The target inductance value for the designed LNA is 20nH.Using the above basic equation 3 for
active inductor we get the sizes for M, and M; transistors.

3. Modified noise cancellation technique for CG LNA:
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Active inductors offer reduced chip area and tunable inductance but increase noise and power
consumption. Transistor width optimization cuts power dissipation, while modified noise
cancellation (Fig. 5) for CG LNAs lowers the noise figure. The modified noise cancellation
technique (Fig. 6) enhances S11, maintains gain, and lowers the noise figure using a differential
output.

4. Simulation results:

J

mﬂ
R21k

H '
o r

T1.2NB755 T2 2N

Fig.6. Schematic of Modified noise cancellation Fig.7. Single ended active inductor
technique for CG LNA

VG

C“ R31k

T

The modified circuit schematic depicted in Fig. 6, and Single ended active inductor is used, For
Ls in the Common Gate LNA. The schematic diagram is shown in the Fig. 7. When the noise
figure (NF) of the common-gate (CG) low-noise amplifier (LNA) utilizing passive inductors is
analysed across a frequency sweep, it is observed from Fig. 8 that the noise figure achieves a
value of 1.5 dB at 2.3 GHz.

4.2 A common-gate (CG) LNA with an active inductor and no noise cancellation

A CG LNA with an active inductor has a 7.16 dB noise figure at 1.8 V supply (Fig. 8), higher
than a passive-inductor CG LNA, with a voltage gain of ~9 dBs

4.3 Common Gate(CG) LNA with an active inductor and noise cancellation technique

The gain achieved matches that of a system without noise cancellation, exhibiting a reduced
noise figure (NF) of 6.77 dB, as depicted in Fig. 9. Further gain enhancement is possible by
increasing the VDD supply voltage, set at 900 mV for low-voltage applications in this study.Fig.
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10 shows improved S-parameters (S11, S12), crucial for RF applications. Lower S11 reduces the reflection
coefficient, enhancing input impedance matching and power transfer. The linearity metric IIP3 is -4.06
mdB, as shown in Fig. 11. Fig. 12 indicates a -3 dB bandwidth of approximately 3 GHz, which is wide,
contributing to a high noise figure.

4.4 CG LNA with active inductor with modified noise cancellation technique

exhibits improved input impedance matching, with an S11 parameter measured at -20.13 dB, S12
is equal to -11.69dB. this value results in maximum power transfer at the input, when compared
to CG LNA with the circuit with passive inductor.

dB vs Frequency (Hz)

dB vs Frequency (Hz) , ™~ ~
i0 \\~
2 N
O d8 vs Frequency (Hz)
Fig.8. NF Vs Frequency for CG LNA with Fig.9. NF Vs frequency for CG LNA
passive inductor noise cancellation technique.
dB vs Frequency (Hz)
. - _——.‘—‘____ﬂ_d——'—"'_r;_ i P -
4 — > T :
| |
Fig.10. Noise Figure Vs Frequency plot Fig.11. IIP3Vs Frequency
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Input is not loaded by the gate of output transistor because output of the Common gate LNA is
connected to the input of output transistor. The 3™ order input intercept point(IIP3) is equal to
-4.07mdB.

Fig.12. Bandwidth Fig.13. S11, S12 Vs frequency (for modified noise
cancellation technique)

The active inductor layout (20 nH) is 24 pm x 16 um, while the passive inductor (same value) is
500 um x 500 pm, reducing area by a factor of 724 and showing the passive inductor's larger
silicon footprint.

4.5 Conclusion

This paper introduces a UWB low-noise amplifier using a modified noise-cancellation technique
in 100-nm CMOS, featuring a common-gate input and common-source stage. An active inductor
reduces chip area by ~724, enabling tunability. Simulations show S11< —11.5 dB over a 3-GHz
bandwidth, making it ideal for UWB and multi-standard applications.
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