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A triple path noise cancellation LNA with
transformer output using 45 nm CMOS technology

Dheeraj Kalra1,2 , Vishal Goyal2 , Mayank Srivastava1

A triple path dual resistive feedback noise cancellation (TP-DRNC) low noise amplifier (LNA) with transformer output
presented which provides high gain, low noise figure (NF), and high figure of merit (FM). The analysis of triple path, dual
resistive, gain, and NF have been discussed. The effect of various components used in the circuit have been analyzed and
their optimized values are obtained which resulted in the high (FM). The combination of dual resistive feedback with triple
path NC transformer output allowed for low NF and high gain. The proposed GPDK 45 nm complementary metal oxide
semiconductor (CMOS) technology-based LNA offers a flat gain curve of 10.81 dB over the range of 1.6 GHz to 4.3 GHz,
or 2.7 GHz bandwidth, and S11 less than −9 dB. The input third order intercept point (IIP3) for the given bandwidth
has value of 5.7 dBm, while the minimal NF achieved is 2.7 dB; (FM1) is 14.026 and (FM2) is 12.48. The proposed LNA’s

layout with an off-chip transformer has an area of 0.01985mm2

K e y w o r d s: LNA, noise cancellation, common gate-common source, resistive feedback, IIP3, noise factor (NF)

1 Introduction

A receiving circuit that can function at low voltage
for energy harvesting and has a compact area is re-
quired for receiver systems [1]. In many different applica-
tions, including environment monitoring, farm settings,
health monitoring, and wireless networks are highly de-
manded [2]. The supply voltage need is falling as technol-
ogy results in small feature size. Decreasing the feature
size of CMOS technologies can affect their performance
in terms of velocity saturation, output impedance reduc-
tion, and mobility deterioration. Wideband LNA for var-
ious frequency ranges should use little power and have
a small size needed for Internet of Things (IoT) appli-
cations. The receiver circuits subsequent blocks perfor-
mances determined by the frontend wideband LNA [3].
After the band pass filter or immediately after the an-

tenna, the LNA is attached. Low NF to lessen the impact

of noise and strengthen the signal, a low reflection coef-

ficient is required to reduce return losses, low power con-

sumption to prolong battery life, and a small footprint

to allow for the integration of more components on a sin-

gle chip are all characteristics that an LNA should have.

Since the LNA characteristics have tradeoffs, the total

FM should be high. One method to increase the LNA pa-

rameters is the distributed amplifier [4], which consists

of MOS linked in a cascade arrangement with a gain of
AV = (gmRLN/2)2, where gm is the MOS transconduc-

tance, RL is the load, and N is the total number of MOS

stages. Although it benefits from high gains, it also suffers

from greater losses, high NF, and a wide area. Common

gate (CG) [5] is another approach that aids in lowering

input return loss. However, this topology has the draw-
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Fig. 1. (a) – CG NC LNA, (b) – resistive feedback NC, (c) – CG with stacked PMOS-NMOS, (d) – CG current mirror
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back of a low gm value and a high NF, which is calculated
as 1+(γgd0)/(g

2
mRs), where Rs is source resistance, γ is

thermal noise coefficient, and gd0 is the output conduc-
tance ratio of id and vds. As NF is constrained by gm, it
is unable to rise further owing to a restriction on power
consumption and cannot drop due to restriction on gain.
Another method to reduce the NF is noise cancellation,
in which the common source (CS) stage and CG stage
at the output generate a 180◦phase difference signals. To
eliminate noise and increase gain, combine the two at the
output.

Dual path [6] and triple path [7] techniques for NC are
currently available. In two-path NC, resistive feedback
NC [8]; shown in Fig. 1(b) gives low NF and high gain
but has the drawback of having a low IIP3 of −4 dBm. In
contrast, CG NC [6] gives a low gain of 9.7 dB, low IIP3
−6.2 dB, and 4.5 dB high NF. Leakage and intermodu-
lation typically suppressed due to the enhanced presence
of neighboring blocks on the transmitter chip.

Third-order harmonics produced within the range of
interest because of the intermodulation of several high-
order harmonics. Figure 1(c) depicts the CG stacked
PMOS, NMOS topology [9], which uses NMOS-PMOS to
match input impedance with NC to achieve high IIP3 but
with constrained bandwidth. Nonlinear distortion compo-
nents produced by PMOS-NMOS cancel out at the out-
put, increasing IIP3. The MOS-generated channel noise
travels through different paths at the output and cancels
out its effects. Figure 1(d) depicts CG with a current mir-
ror [10], which has good IIP3 but less voltage headroom
and a supply voltage of 2.2 V, which results in high power
consumption. Less voltage headroom in [10] is caused by
transistors connected in the current mirror cascade, which
forces the use of a high 2.2 V supply voltage; the reported
bandwidth is 1.9 GHz.

In this paper, TP-DRNC LNA with transformer out-
put network is proposed to minimize noise figure and in-
crease gain for wideband. The concept of TP-DRNC LNA
is given along with the mathematics for input matching,
gain calculation, and NF calculation showing the effect of
various component values. The proposed TP-DRNC LNA
simulation is presented, and performance parameters are
also investigated. The layout of the proposed LNA is pre-
sented along with a comparison table with the state of
art given.

2 Proposed LNA circuit

Figure 2 shows the schematic of the proposed TP-
DRNC LNA. Here, M1P and M2N are PMOS and NMOS
connected in the complementary stages [11] in current
reuse with PMOS M5P and NMOS M6N, RF1 a feed-
back resistor helps break the dependency on the ratio of
device dimension for M1P and M2N. The power efficiency
also gets improved by keeping the dimension (W/L) ratio
of M1P and M2N as 1:1 and it provides enough value of
gm to get the input matching at 50Ω. Another feedback

resistor RF2 is also helpful in maintaining the linearity as
well as sustaining the output matching at 50Ω. The effect
of RF1 and RF2 on the input matching, output match-
ing, gain, and NF is presented in the further sections, and
based on that the optimized values is obtained. Inductor
L1 used to cancel out the effect of MOS parasitic ca-
pacitances and therefore wide bandwidth is obtained. C1

and C2 capacitors used to block the DC components for
further stages. M3P and M4N use the current reuse tech-
nique [12, 13] and provide a third path for noise cancella-
tion. The dimensions of components used in the proposed
LNA, given in Tab. 1.

2.1 Noise analysis

Figure 2 demonstrates the concept of the triple path
noise cancellation technique applied in the proposed
LNA. Two opposite phase noises generated at the source
and drain of M1P. Noise part of IpM1 passed through
Path A produces opposite phase noise at the drain of
M5P to noise at node X. In the same manner, Path C
provides 180◦phase difference noise at the drain of M6N .
The noise through Path B gives an opposite phase as
it get passed through the common source configuration.
The noise IpM1 through paths A and C canceled by noise
through path B. Noise from all sources of proposed LNA
analyzed to get the exact calculation of NF. The noise
factor of LNA is given as

NF = 1 +

6
∑

i=1

FMi + FRF1
+ FRF2

, (1)

where FMi is the noise contribution of all the six MOS,
FRF1

, FRF2
are the noise contribution by RF1 and RF2

respectively. MOS M1 channel thermal noise at drain and
source is

I2nM1
= 4KBT

γ

α
gm1 , (2)

where T is absolute temperature, KB is Boltzmann’s
constant, γ is thermal noise parameter whose value is
2/3 for long channel devices and greater than 1 for short
channel devices, and α is the ratio of MOS transconduc-
tance and drain conductance at zero bias gm1/gd0 , gmi

is the transconductance of i -th MOS.

Further

FM1
=

I2noutM1

4KBTRSG2
m

, (3)

where RS is source resistance and Gm is the equivalent
transconductance.

Using abbreviations gij = gmi + gmj and gS = 1/RS

and gF1 = 1/RF1, gF2 = 1/RF2

FM1
= FM2

=
γ

α

[ g12
RSG2

m

]

×

×

[gF2g56 + g34

( gS
gF2

+
gF2
gF1

+ 1
)

g12 + gS + gF2

]

, (4)
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Fig. 2. Proposed TP-DRNC LNA with transformer output network

Table 1. Component dimensions used in Proposed LNA

Components
M1P M2P M3P M4P M5P M6P L1 RF1 RF2 C1 C2 R1

µm/nm µm/nm µm/nm µm/nm µm/nm µm/nm (nH) (kΩ) (Ω) (pF) (pF) (kΩ)

Dimension 90/180 90/180 30/180 30/180 240/60 70/60 1.8 1.3 825 15 20 15

S11(dB)
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FM3
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γ

α
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m

, (5) FM5
= FM6

=

γ

α
g56

RSG2
m
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Table 2. Comparison of the proposed work with other papers

[14] [15] [16] [17] [18] [19]

Parameters Proposed work MWCL TCASI TMTT MWCL TMTT JSSC

(2009) (2012) (2012) (2015) (2019) (2021)

3dB BW (GHz) 1.6 − 4.3 0.1-20 DC-10 0.3-0.92 0.1-2.5 0.3-4.4 0.02-4.5

NF (dB) 2.7 3.3-5.5 2.7-3.3 2-3.7 1.7-2.7 3-4.4 2.09-3.2

Peak Gain (dB) 10.8 12.7 10.5 21 18 26.7 15.2

Pd (mW) 8 12.6 13.7 3.6 13 13.9 4.5

Technology (nm) 45 90 65 180 65 65 28

Supply (V) 1.2 1.2 1 1.8 1.2 1 1

IIP3 (dBm) 5.7 -1 -3.5 -3.2 0 -14.2 -3.53

Area (mm2 ) ≈ 0.02 0.12 0.02 0.33 0.008 0.009 0.03

FM1 14.1 13.5 1.9 -2 9.7 -12.3 12.3

FM2 12.5 12 2 -7.1 8.1 -12.3 12.3

FRF1
=

1

RF1RSG2
m

×

×

[

1 +
g34
(

RF1||r01)
(

gF1 − g12
)

−g56 − gF2

gF1

[

(

RF1||r01)
(

gF1 − g12
)

−1
]

− gF2 − gS

]

, (7)

2.2 Input matching

Proposed TP-DRNC LNA has input resistance as
given in equation (8). The inductor L1 connected at the
input helps in improving the input matching. For low
value of L1, the matching is poor. The bandwidth in-
creases with an increase in the value of L1 but get shifted
toward the lower frequency after certain values.

The optimum value of L1 obtained is 1.8 nH for band-
width is 4.31.6 = 2.7GHz having S11 value lesser than
9 dB. The input port is matched at 50Ω resistance.

Rin =
g34

g12g34 [1 + gF2/gF1] + g56gF2
. (8)

Proposed TP-DRNC LNA has voltage gain given by

G = GmRo , (9)

where Gm is the overall transconductance of LNA and
Ro is the output resistance

Gm = g34

(

1−
gm1 + gm2

gF1

)

−
(

g56 − gF2

)

, (10)

Ro =
1

g34 + gF2
≃

1

g34
. (11)

The output port matched for the 50Ω resistance.
Henceforth gain is given by

G = 1−
gm1 + gm2

gF1
−

g56 − gF2
g34

. (12)

Figure 3(a) reviels the effect of RF1 on the input
matching. As predicted by (8), the higher value of RF1

leads to the lower S11, see Fig. 3(a). The optimum value

of RF1 is 1.3 kΩ while a higher value of RF1 leads to

lowering the gain, Fig. 3(a). As RF1 increases towards a

certain value, matching gets poor. The effect of RF1 on

S11 is shown in Fig. 3(b), the high value leads to poor

reflections henceforth optimal value for RF1 is 825Ω.

2.3 Gain

Figure 4 shows the effect of variation of RF1 and

RF2, on parameter S21. The optimum value obtained for

RF1 and RF2 are 1.3 kΩ and 825Ω, respectively. Higher

value of RF1 helps in achieving the high gain under the

proper input matched conditions. As dictated from equa-

tion (12), small value of RF1 will be giving less gain which

as indicated in Fig. 4(a). Smaller value of RF2 will pro-

vide less gain as depicted in Fig. 4(b). For RF2 = 100Ω,

the gain is less while proposed LNA gives a high gain for

RF2 = 825Ω at relatively flat curve in entire bandwidth.

3 Simulation results

Simulation results for NF, S11, S21 and S22 are in

Fig. 5. As demonstrated, the minimum value of NF is 2.7

dB at 1.6 GHz, while the curve around value of 3.6 dB

at 4.3 GHz – is relatively flat in the 2.7 GHz band. Input

reflection coefficient S11 was simulated for the frequency

range of 1 GHz to 5 GHz and we obtained the bandwidth

values of 2.7 GHz at a lower 3 dB frequency of 1.6 GHz

and upper 3 dB frequency of 4.3 GHz, with a minimum

value of S11 14.89 dB for 3.1GHz. The flat gain curve

achieved for the given LNA architecture; attained the

maximum value of 10.81 dB at 2.5 GHz and flat for the

entire bandwidth of 2.7 GHz. It is important to reduce the

reflection at the output terminal, and its value is 17.36

dB at 3.5 GHz for 50 Ω matching.
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Fig. 6. Proposed TP-DRNC LNA layout with off-chip transformer

The overall evaluation of LNA using

FM1 = 20 log10

(

P3S21BW

Pd

(

NF − 1)

)

, (13)

comprises (P3) - IIP3 value, maximal gain S21, minimal
NF all in dB, maximal bandwidth BW/GHz, and dissi-
pation Pd/mW.

On the other hand another formula (including supply
voltage parameter v = VDD/V, [20] is also used to com-
pare LNA’s overall performance

FM2 = 20 log10

(

P3S21BW

vPd

(

NF − 1)

)

. (14)

Table 2 compares the proposed LNA’s success to those
of other papers. The layout of proposed LNA with off chip
transformer, depicted in Fig. 6 and clearly shows the area
of ≈ 142 µm×139 µm ie 0.0197 mm2. Here C1 and C2

are the blocking capacitors.

4 Conclusion

This paper presents a TP-DRNC LNA with a trans-
former matching at the output to increase the bandwidth.
The triple path NC helped in achieving the low NF for
the 2.7 GHz bandwidth. Mathematical analysis for NF,
gain, and input resistance done and verified through the
results. The gpdk 45 nm CMOS-based proposed LNA
has the bandwidth of 2.7 GHz for S11 lesser than −9 dB
and a flat gain of 10.81 dB for the band of 1.6 GHz to
4.3 GHz ie 2.7 GHz bandwidth. Proposed LNA has in-
put matching of 50Ω and transformer secondary wind-
ing terminated at 50Ω also. The minimum NF obtained
for the 2.7 GHz band is 2.7 dB; the resulting FOM1 is
14.064 and FOM2 is 12.48. The proposed LNA is hav-
ing an area appriximately of 0.0197mm2 with an off-chip
transformer. The comparison has been done with the lat-
est references and proved the overall good performance of
proposed LNA.
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