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Transformer matching low noise amplifier
with dual-mode gm enhancement technique

Dheeraj Kalra!, Mayank Srivastava?

This paper presents realization of a Low Noise Amplifier (LNA) using the transformer matching with the active and passive
gm enhancement technique. This research also falls within the domain of 5G communication system receivers. Cascode
structure is used to improve the gain of the circuit while mutual coupling helped in decreasing the area of realized LNA. The
input and output ports have been matched for 50 Q termination. The realized LNA has maximum gain of 14.35 dB at 6.44 GHz
while the minimum value of Noise Figure (NF) is 4.43 dB. The Su1 value is less than —9 dB from frequency 6.2 GHz to 7.2
GHz, i.e., having the bandwidth of 1 GHz. The realized LNA is simulated on Cadence Virtuoso software using 45 nm CMOS
technology. The layout for the realized LNA is drawn occupying the area of 439 pm x 373 um, thus 0.164 mm2. Comparison
of performance parameters with other references is depicted in Tab. 2.
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1 Introduction

There is always demand of the wideband receiver that
can consume low power so that the battery life can be
increased. The research also falls in the field of 5G
communication system. The second block in the receiver
circuit is LNA whose function is to amplify the signal
while reducing the effect of noise and there is always
focus on increasing LNA’s Figure of Merit (FoM). The
researchers tried to incorporate various topologies to
increase the FoM. In [1], the use of a multi-coupled
transformer helped in boosting the gain of the LNA. This
is advantageous for applications that require high signal
amplification. The LNA [1] operated in the K-band
frequency range which is 18 to 27 GHz.

In [2], the LNA operates in the frequency range of
76.5 to 92.6 GHz, which is suitable for millimeter-wave
applications such as high-speed wireless communication
and radar systems. The LNA utilizes the two-port
kQ-product theory for transformer design. This
approach allows for efficient impedance matching and
improved signal transfer, leading to enhanced perfor-
mance. In [3], the LNA covers a wide frequency range
of 0.2 to 1.6 GHz, making it suitable for a variety of
applications spanning different frequency bands within
this range. Proposed LNA offers a bandwidth of 20
MHz, enabling it to handle signals with a relatively wide
range of frequencies. The LNA exploits a passive
design, eliminating the need for an active biasing
circuitry and reducing power consumption. Passive
LNAs are generally simpler and offer improved linearity

and power efficiency. The proposed LNA utilizes an
N-Path 1:3 transformer, which enables impedance trans-
formation and signal amplification. The LNA is de-
signed for a specific frequency range of 0.2 to 1.6 GHz.

In [4], the LNA is designed to operate in two
frequency bands, 28 GHz and 39 GHz, making it suitable
for multi-band applications. The LNA incorporates
a shunt-series transformer feedback technique, which
helps in achieving wideband impedance matching and
improving gain performance. The paper reports good
performance metrics such as low NF, high gain, and
good input/output matching in both frequency bands. In
[5], the LNA incorporates a channel-selection mecha-
nism using a switched-capacitor-transformer network,
allowing for the selection of specific frequency channels
within the operating range. The LNA achieves a high
output third-order intercept point (OB-IIPs) of
23.5 dBm, indicating good linearity and the ability to
handle high-power signals without significant distortion.
The paper reports a low NF of 3.4 to 4.8 dB. The LNA
utilizes an N-Path architecture, which is known for its
good linearity, high dynamic range, and ability to handle
large input signals.

In [6], the proposed LNA operates in a wide
frequency range of 50 to 67 GHz, making it suitable for
millimeter-wave applications such as high-speed
wireless communication systems. The LNA utilizes
a double-transformer-coupling technique, which can
provide improved input/output matching and enhanced

! Department of ECE, GLA University, Mathura, 281406, India
2 Department of ECE, National Institute of Technology, Jamshedpur, 831014, India
dheeraj.kalra@gla.ac.in, 2mayank.ece@nitjsr.ac.in

https://doi.org/10.2478/jee-2025-0016, Print (till 2015) ISSN 1335-3632, On-line ISSN 1339-309X
© This is an open access article licensed under the Creative Commons Attribution-Non Commercial - No Derivatives License
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:john.smith@ieee.org,%20peter.brown@elsewhere.com,%20george%20winter@summer.edu

160 Dheeraj Kalra, Mayank Srivastava: Transformer matching low noise amplifier with dual-mode gm enhancement technique

gain performance compared to traditional coupling
techniques. The LNA incorporates self-resonant
matching techniques, which can simplify the design and
improve the matching performance. In [7], the paper
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presents a CMOS LNA that integrates a transformer-
based notch filter. This integrated design can provide
improved rejection of unwanted signals or interference
within a specific frequency range.

Fig. 1. (a) Generic gm boosting, (b) CS active gm boosting, (c) transformer based passive gm boosting

In [8], the LNA utilizes a transformer-based input
matching technique, which helps to improve impedance
matching between the input signal and the amplifier. The
paper introduces a pole-tuning technique, which allows
for better control and optimization of the LNA's
frequency response.

In [9], the paper presents a low-noise amplifier
(LNA) design that operates over a wide frequency range
of 27 to 46 GHz. The LNA utilizes a dual-resonant input
matching technique, which helps to achieve improved
impedance matching at multiple frequencies within the
operating range. The paper introduces a transformer-
based broadband output network, which facilitates
impedance matching and power delivery to the load.

In [10], the paper presents a dual-band CMOS low-
noise amplifier (LNA) design specifically tailored for
5G New Radio (NR) Frequency Range 2 (FR2) appli-
cations. It provides coverage for two frequency bands,
which can enhance the versatility and compatibility of
the LNA for multi-band communication systems. The
LNA incorporates a transformer-based band-switchable
load, which enables efficient impedance matching and
power transfer at different operating frequencies. This
load configuration allows for seamless switching
between the two frequency bands without requiring
additional circuitry. In [11], paper presents a LNA
design that operates over a wide frequency range of 18
to 44 GHz. The LNA incorporates input matching
techniques to achieve impedance matching between the
signal source and the amplifier. The paper proposes
bandwidth extension techniques to enhance the
frequency range of the LNA. These techniques enable

the amplifier to operate over a wider frequency band
compared to traditional designs, thereby increasing its
versatility [19, 20] and applicability.

The most popular gm enhancement technique is that
in which the gain is increased by improving the
transconductance of the circuit.

The various gm enhancement topology LNA circuits
are shown in Fig. 1. As shown in Fig. 1(a), two Common
Gate (CG) configurations are connected in cascade stage
to provide the dual gm enhancement. They do not use the
CS stage in order to provide the good impedance
matching. It consists of one main CG amplifier with the
other gm enhancement CG differential amplifier. The
total transconductance of the circuit is increased from gm
to (1+A) gm Where A is the amplification factor. Figure
1(b) depicts the active gm enhancement using CS
amplifier. CS amplifier helped in increasing the gain of
the circuit. While Figure 1(c) shows the transformer-
based gm enhancement technique.

2 Designed circuit

Figure 2 shows the steps of converting the second
order band-pass filter into the transformer. Firstly, the
capacitor C, split into the C,; and C,,. Obviously, C,,
will be greater than C,. Now C,, is converted into the
Q%Cy2
1+Q?’
factor. In this process, the resistance R will be replaced
by (1 + Q*)R.

parallel capacitor C, = where Q is the quality
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The first Norton transform is applied on the capacitor
which resulted into the decrease in impedance by n?
where n; is the capacitive transformation ratio. Simi-
larly, next Norton transformation is applied on the
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inductor which resulted into an increase of the impe-
dance by nZ, where n, is the inductive transformation
ratio. Finally, an ideal transformer having turn ratio k: n
is inserted between the n; C, and n,L, /n?.
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Fig. 2. Steps for converting the 2nd order band-pass filter into transformer

The proposed circuit is shown in Fig. 3 along with
component dimensions depicted in Tab. 1. Transformer
coupled active and passive gm enhancement technique
are used to improve the gain of circuit. Inductors Ls, L4
and Cs provide the separate DC current path for MOS
M. and Ms which is called as the folded cascode
configuration. MOS M3 is connected in CS configu-
ration while MOS M; is connected in the CG confi-
guration. Ls, L4 and Cs also help in providing inter-stage
matching between M; and Ms.

The active gm enhancement topology is introduced by
the MOS M; while mutual coupling between L; and L4
provide the passive gm enhancement technique hence-
forth increasing the overall transconductance of
proposed LNA. Magnetic coupling between L1 and La
also provide the good impedance matching as well as
require the less value of inductors and henceforth
decreasing the circuit size. Figure 4 depicts the small
signal model for the realized LNA.

L

M

VmO—i
C

Ves

Fig. 3. Realized LNA circuit using active
and passive gm enhancement technique

Table 1. Component dimensions

M, 18 pm/45 nm Ll, L4 1.8nH
M; 9 pm/45 nm Lo 4.6 nH
M3 9 pm/45 nm L3 2.5nH
Ci-Cqy 1pF Ls 4 nH
Cs 80 fF
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2.1 Input impedance

The impedance looking into the gate of the MOS Mj;
considering the gate-source capacitance Cy3 is given by
equation (1)

1
JwCys3

€y

ng3 =

where Cg; is the gate to source capacitance for MOS M.
The gate-drain capacitance Cyq3 provides a feedback
path [18]. To include its effect, we use Miller's theorem.

The Miller impedance due to Cyqs is:

1
Z = -
9B jwC,as(1— Ay)

(2)

where Ay is the voltage gain from the gate to the drain
of MOS Ms. For simplicity, let's assume the voltage gain

Ay = gmzZours-

Fig. 4. Small signal model of realized LNA

The total impedance looking into the

considering the Miller effect is:
ZinGateM3 = (] ! Il - ! ) 3)
' WCgsS ]WngB(l - AV)
The input matching network consists of Lsand C;:

gate

4)

Z = jwlg +
Match J) 5 jWCl

The total input impedance looking into V;,, is a parallel
combination of the gate impedance and the matching
network impedance:

Zin = Zyatcn | Zin,GateM3 (5)

1 1 1

Zim = (wVL +- )||<. - >

" J i ]WC1 J Cgs3 ]Wng3(1_AV)
(6)

R N B

in = \JW - ;

" ° T jwe w(Cys3 + Cgaz(1 — Ay))
(7

2.2. Gain calculation
The gain of input stage using MOS M is given by
Ayz = —gmzZout3 3

1 1
Z = (jwlL
outs = GwL3) |l (jWng3 Il jWngz)

Now the gain provided by MOS M; can be calculated as
Ay1 = —miZout1 €))

1 1
Z = (jwL
out1 = (wLy) |l (jWngl [ jWCgsz)

and the gain provided by MOS M can be derived as
(10)

Ayz = —9m2Zout2

1
Zout2 = (]W—CS I ZLoad)

Z10aa 1S the load connected at the output. Henceforth the
overall gain is given by

Ay = Ayq Ay, Ays (11)

(12)

Ay = —gmi1Zout1- Ym2Zout2- GmaZouts

3 Results and discussions

Figure 5 shows the simulation results for S;1 with and
without using L:. L: inductor connected at the input
showing the poor reflection. The inductor L1 helps in
achieving the impedance matching therefore minimum
value of Si; is —19.26 dB at 6.68 GHz. The Si: value is
less than -9 dB from frequency 6.2 GHz to 7.2 GHz, i.e.,
having the bandwidth of 1 GHz. The input impedance
matching has been done for 50 Q termination.
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Fig. 5. Results for S1: with and without using L

Figure 6 shows the result for Sz; including the effect
of L1. The maximum value of gain obtained is 14.35 dB
at 6.44 GHz and it can be clearly shown that L, inductor
helps in increasing the gain of realized circuit.
Simulation results for NF are displayed in Fig. 7. The
minimum value of NF is 4.34 dB with using the inductor
L.
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Fig. 6. Results for Sy; with and without using L1
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Fig. 7. Results for NF with and without using L1
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Fig. 8. Results for Sz, with and without using L1

One can clearly see that L; help in improving the
parameters of realized LNA. Figure 8 is showing the
value of output reflection coefficient i.e. Sy which is
lesser than —10 dB for the frequency band of 6.4 GHz to
7.3 GHz. The layout of the realized LNA is shown in
Figure 9 which is having the area of 439 um x 373 um,
thus 0.164 mm?,

Table 2. Comparison of realized LNA with other references

Frequency Poc Peak gain | Supply Technology

Ref. NF (dB) (GH2) S11(dB) (mW) (dB) V) (i)
[13] 2.7-3.7 3.1-10.6 <-7.3 14.4 12.4 1.8 0.13
[14] 3.7 22-26 -16 2.78 9.2 1 0.13
[15] 3-7 2.6-10.2 -9 7.2 12.5 1.2 0.09
[16] 6.06 50-70 <-9.3 45 18.9 1.8 0.065
[17] 5.4-6.5 52-64 -19 4.4 12.5 1 0.090
This 4.34 6.2-7.2 -19.26 11.2 14.35 0.9 0.045
work
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Fig. 9. Layout of realized LNA

4 Conclusion

The realization of a LNA using transformer matching
with active and passive gm enhancement technigques were
presented. The gain of the circuit improved by em-
ploying a cascode structure, while mutual coupling
contributed in reducing the area of the realized LNA.
The input and output ports were matched for 50 Q
termination. A maximum gain of 14.35 dB at 6.44 GHz
and a minimum NF of 4.43 dB achieved by the realized
LNA. The Si1 value is observed to be less than -9 dB
from 6.2 GHz to 7.2 GHz, providing a bandwidth of
1 GHz. The layout of the realized LNA drawn, occupied
an area of 439 um x 373 um, which is 0.164 mm?2,
Performance parameters were compared with those from
other references, as depicted in Tab. 2.
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