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Abstract— Nowadays, for the field of wireless communications,
the good design of radio frequency receiver for wireless
communication applications is considered one of the main
targets in radio frequency research. In ultra-wideband (UWB)
receivers, low noise amplifier is considered the most important
building block in UWB receiver structure. In this paper we
provide the design and simulation of ultra-wideband low noise
amplifier to get radio receiver with good performance in
wireless communication application.

This paper introduces the design and simulation of ultra-
wideband low noise amplifier using 130 nm CMOS technology.
This design uses three stages amplifier. The design provides
bandwidth range from (3.9 GHz to 15 GHz) with power gain
(S;1) of 10 dB. The output noise of the proposed amplifier is
300 uV,,,. The proposed LNA is designed using 1.2 V power
supply, the dissipated power of the proposed amplifier is 1.2
mW. The proposed amplifier gives noise figure of 1.5 dB and
input referred third order intercept point (IIP3) reached to 20
dBm.

Keywords— Low Noise Amplifier (LNA), Noise Figure (NF),
QOutput Noise, Power Dissipation, Radio Frequency (RF)
Receiver, Ultra-Wideband (UWB)
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Today, applications of wireless communication are
overgrowing, so we find that radio frequency receiver
designers make great effort to design receivers to be suitable
for wireless communication applications. There are great
wireless communication applications that used low noise
amplifier in its operation [1]. Low noise amplifier is
considered the most important block in radio receiver, so if
low noise amplifier performance parameters are designed
correctly to satisfy the application targets, then the whole
RF receiver will be operated very well. This make the
design of low noise amplifier (LNA) is very important and
hard role. As known ultra-wideband system is operating at
frequencies reaching to 10.6 GHz [2]. So for all wireless
standards they require different ranges of operating
frequencies and require their performance parameters to be
satisfied such as low noise figure, high bandwidth, good
gain and low power dissipation [3]. As mentioned
previously, all performance parameters of low noise
amplifier must satisfy the requirements of all applications of
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wireless communication. So in order to verify this target of
good performance parameters, future wireless radio receiver
should have low noise amplifier with good performance to
support all wireless communication standards.

So, great effort must be done to satisfy this target to design
low noise amplifier with good performance. There are many
different parameters that determine low noise amplifier
performance such as noise figure (NF), bandwidth, power
gain, sensitivity and LNA linearity [4]. The design of low
noise amplifier is based on achieving good performance
parameter according to the type of application, as some
applications require wide bandwidth on account gain or
require low power consumption on account noise figure and
so on. So all the time each application requires parameters
different from another application and the designer will
design LNA performance parameters according to the
requirements of the target application. There are different
low noise amplifier design methods and techniques have
been done to achieve these performance parameters. One of
these methods uses two common source stages with
different resonance frequencies to achieve low power
consumption for LNA with high bandwidth [5]. Another
method uses two common source and shunt feedback stages
to achieve low noise amplifier with good bandwidth, low
power and low noise figure [6].

Our design of the proposed ultra-wideband low noise
amplifier is based on using three stages amplifier. First stage
is common gate amplifier to achieve high impedance
matching at the input, second stage is cascade common
source amplifier to improve gain and bandwidth of LNA
and third stage is common drain amplifier cascaded with
diode connected transistor to improve noise performance of
the proposed low noise amplifier. This technique for the
proposed LNA will satisfy the target performance
parameters such as low noise figure, high bandwidth, low
output noise, low power consumption, high linearity and
high power gain.

II. OVERVIEW OF ULTRA-WIDEBAND LOW NOISE AMPLIFIER

There are two most common receivers which used with
all wireless communication standards, these receivers
should be designed to satisfy the requirements of wireless
communication standards.
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Fig. 1. Block diagram of wideband receiver (Universal receiver) [7]
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Fig. 2. Block diagram of wideband receiver (RF receiver) [7]

These receivers are universal receiver and radio frequency
receiver. Universal receiver has components more than
digital radio receiver in its structure. Fig. 1 shows the block
diagram of the universal receiver [7]. The main universal
receiver components are low noise amplifier and mixer.
Mixer is used to reduce frequency conversion and this will
increase the speed of analog to digital converter (ADC).
Low noise amplifier (LNA) is considered the main
component or block in the receiver as it used to increase
bandwidth, reduce noise and increase linearity of ADC.
The second receiver that used with radio frequency receiver
is the digital radio frequency receiver. In RF receiver some
component that exist in universal receiver are replaced by its
digital one such as mixer and filter as shown in Fig.2. RF
receiver may have main problem in its operation compared
with universal one such as noise which can be introduced by
RF receiver due to its sampling speed [8], [9]. So to reduce
this noise, the signal to noise ratio of the input signal to RF
receiver must be increased. As shown in Fig. 1 and Fig. 2,
the main building block in universal receiver and RF
receiver is LNA. So it is impossible to remove low noise

amplifier (LNA) from the receiver. As mentioned
previously, receivers that support all  wireless
communication standards need some performance

parameters which determine its good performance such as
wide-bandwidth, low noise figure, high power gain, high
linearity LNA and low power dissipation. So the good
design of LNA determines the good performance of RF
receiver. Because of this the design of LNA with good
performance parameter is still the target task for all RF
receiver designers.

III. CIRCUITRY DIAGRAM OF THE TRADITIONAL AND
PROPOSED ULTRA-WIDEBAND LOW NOISE AMPLIFIER

The following section provides an overview about the
traditional low noise amplifier configuration. Then the
proposed low noise amplifier configuration will be
discussed in details. Also, a comparison between traditional
and proposed LNA will be introduced and simulation results
of the proposed LNA will be introduced and discussed.
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Fig. 3. Circuitry diagram of the traditional low noise amplifier [5]

A. Circuitry Diagram of the Traditional Low Noise

Amplifier

Fig. 3 shows circuitry diagram of the traditional low
noise amplifier. The technique which used in traditional
LNA is stugger tunning technique to design one suitable for
wireless communication [5]. The amplifier circuitry consists
of two common source cascaded stages. Each stage will
improve in performance parameter of LNA parameters. First
stage is used to improve noise
performance of LNA, second stage is used to improve
linearity performance of LNA. Components of
traditional LNA circuitry are as follow, Ls is used to provide
real part of input impedance matching, Lg, L3, L4, C3 and
C4 are used for increase matching at the input. M3 is the
output transistor is used as buffer for output measurements.
The resistor R provides bias voltage for the transistor M2.
As shown in traditional LNA circuitry diagram the two
stages amplifiers are stacked on each other to achieve power
saving and reduce power consumption. For the coupling
capacitors such as Cl and C2, Cl is used for coupling
between two stages and C2 act as AC ground at source of
M2. The value of these two coupling capacitors in this
design is chosen to be very high to provide better coupling.
The main problem in this design technique is the type of the
two coupling capacitors which is Metal-Insulator-Metal
(MIM) capacitors and there high values. This type of
capacitor will have parasitic capacitance between bottom
plate of the capacitor and the ground and this will affect the
performance of LNA. Also, because the capacitors high
values this will reduce the bandwidth of the LNA. In the
following section the proposed LNA is introduced. The
proposed LNA will solve the problem of reduction in
bandwidth in traditional one, also, will solve the problem of
large values of coupling capacitors and noise performance
of traditional one.

B. Circuitry Diagram of the Proposed Ultra-Wideband Low
Noise Amplifier

Fig. 4 shows the proposed LNA circuitry diagram. The
proposed LNA amplifier circuitry has common gate (CG) as
input stage with two cascaded common source stages.. Each
stage in the proposed design is resonant at different
frequency to increase bandwidth. The three stages of the
proposed LNA are as follow, first stage which is the input
stage is common gate (CG) amplifier which introduced to
provide high input impedance matching with the aid of
inductor Ls which chosen to provide better impedance



matching. The second stage is cascode stage of two common
source amplifier (CS) to increase gain and bandwidth
performance. Also, this cascode stage will help in reduction
of power dissipated for LNA. The third stage consists of
Common Drain (CD) amplifier (M3) and diode connected
transistor (M6), the Common Drain amplifier (CD) is used
to drive high capacitive load of next stage and act as a buffer
stage for output measurements. Diode connected load
transistor is used to reduce output noise of LNA as follow,
by replacing diode conected transistor with its equivalent
resistance (1/gns) which is very small resistance and the
effect of this as follow: when the transistor has its output
impedance as a load, then the output noise of the transistor
will be maximum. If the transconductance of MOS
transistor is decreased, then as aresult its noise current will
be reduced. So to achieve minimum output noise for the
transistor it must have small transconductance, and
minimum transconductance of the output transistor in the
proposed LNA is achieved by connecting diode connected
transistor in parallel with the output transistor (M4). As the
equivalent resistance of diode connected transistor is very
small (1/gy6), so when it connected in parallel with the
equivalent resistance of output transistor (M4) in LNA
circuit, this will produce very small output transconductance
for the amplifier and output noise of (M4) will be reduced
and then the total output noise of proposed LNA will be
reduced.

TABLE I summarizes the components value of the proposed
LNA design.

IV. PROPOSED ULTRA-WIDEBAND LOW NOISE AMPLIFIER
SIMULATION RESULTS

This section will introduce the simulation results of the
proposed LNA and the discussion of these results also will
be introduced. The simulation results includes Noise Figure
(NF) analysis, third order input referred intercept point
(ITP3), input and output return loss analysis (S, Sx),
bandwidth, gain and noise performance of proposed LNA.
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Fig. 4. Circuitry diagram of proposed UWB low noise amplifier

TABLE I. Summary of components value of proposed LNA

TABLE II. Performance comparison for proposed and traditional LNA

Parameter Traditional LNA Proposed LNA
Technology 130 nm CMOS 130 nm CMOS
technology technology
Power supply 32V 12V
Bandwidth 6.57 GHz 3.9-15 GHz
Gain 5dB 10dB
Output noise 2.26 MV s 300 UV s
Dissipated power 15.04 mW 1.2 mW
Noise figure (NF) 7 dB 1.5dB

components value components value
Wi 5X40 um Ls 1.6 nH
w2 5x40 um Ld 0.5 nH
W3 1x25 um Cl 1.5 pF
w4 1x20 um L1 1 nH
W5 5x40 um L2 2.5nH
W6 1x20 um Vbias 03V

Also performance comparison will be made between
traditional and proposed LNA. This comparison is
introduced in TABLE 1II, as shown from the obtained results
that the proposed LNA technique has better performance
parameters than traditional one. The proposed LNA has
small output noise value of 300 uV,,s because of using
diode connected transistor at the output stage and as a result
noise figure (NF) is reduced to 1.5 dB. The proposed LNA
has high bandwidth from (3.9 GHz to 15 GHz) because of
the reduction in the coupling capacitor C1 values and the
elimination of C2 and some inductors that exist in
traditional one. The proposed LNA has 1 mA total current
using 1.2 V power supply, so proposed LNA has low
dissipated power of 1.2 mW compared with traditional one
which has dissipated power of 15.04 mW. From this
comparison and these results it is clear that the proposed
LNA has better parameter performance than traditional one.
This ensure that the better effect of proposed LNA
technique.

A. Mathematical Model for Noise Analysis of Proposed
UWB LNA

The reduction in the output noise for the proposed UWB
LNA due to adding diode connected transistor can be
proved mathematically using a mathematical model. The
first step in this mathematical analysis based on calculating
the total output noise of the amplifier before and after
adding diode connected transistor M6 at the output. Fig. 5
shows equivalent circuit for noise analysis before adding
diode connected transistor and Fig. 6 shows small signal
noise equivalent circuit before adding diode connected
transistor. From these two figures we can calculate output
noise components for the amplifier before adding M6 as
follow: the output noise for the amplifier has two
components, first noise component (V,qq) is due to
transistors M3 and M4 as in (1) and (2).

Vaowl(l — Be3@ow) = (Tones + lane)Zog €8

Where: Vo is first noise component, g.; is
transconductance of transistor M3, I, 4 is noise current due
to transistor M4, Z,, is output impedance of low noise
amplifier, ry; is equivalent small signal impedance of
transistor M3, rgy is equivalent small signal impedance of
transistor M4, X is load capacitive reactance.

Lom= f'dii.-'r.-'rf'dii.-'r.-"xCI. 2

The second component of output noise (¥, ,.2) is due to
equivalent resistance (R,) of input transistor M5 and can be
given using (3), (4) and (5).

Va: =Va — Vi = lppe¥z — Voow 3)




Where: Vg is small signal voltage of transistor M3, Iz, s
noise current due to transistor M5, Xz is equivalent to
Xra//Xc1, Vaoun 18 second noise component.

Vaows = Mv_ESZuur = Er3Zow(lome¥z — Voom) (4)
Vipwa(1 + 8x3Zow) = S Zowln ne¥iz %)

As shown from the previous equations and from the two
components of output noise that the total output noise of the
amplifier can be reduced by reducing the value of output
impedance (Z,,) of the amplifier. The reduction in the
output impedance of the amplifier can be occurred by
adding the diode connected transistor M6 as shown in Fig. 7
and Fig. 8. As shown in Fig. 7, the equivalent circuit for
noise analysis after adding diode connected transistor and
Fig. 8 shows the small signal noise equivalent circuit after
adding M6. By replacing diode connected transistor by its
small signal equivalent which is very small resistance (rys=
1/gme¢) Where, g, is transconductance of transistor M6. As
this resistance (rys) is very small resistance and connected
in parallel with output resistance, so the total output
resistance of amplifier will be reduced and then total output
noise of the proposed amplifier will be reduced. This is the
effect of adding diode connected transistor M6 on amplifier
output noise reduction. This effect can be calculated
mathematically as in the follow equations. For the first
component of the noise (V,o.) Which due to transistors
(M3, M4 and M6) can be calculated using (6), (7) and (8).

(6)

Where: V,, o 1s first noise component, I, v is noise current
due to transistor M3, I, \s is noise current due to transistor
M4, I, 1S noise current due to transistor M6, gu; is
transconductance of transistor M3, Z,, is output impedance
of amplifier.

Un.ﬂurl = ':I:n:v.B + I:n.!‘v.[i + In.}-.[ﬁ + Mvn.ﬂmljzuu

Zoyur = Tdsz/ [ Tasa/ Tass/ oL @)

Where: Z,, is the output impedance of the amplifier and in
this case it is very small value due to equivalent small signal
impedance of transistor M6 (rys) is very small value, rgg; is
equivalent small signal impedance of transistor M3, ryy is
equivalent small signal impedance of transistor M4, X is
load capacitive reactance.

v]l.-:lll:l’l{l - Eﬂrjzuw:] = 'ﬂn.}.B + In.}u.[i + In.}v.[ﬁ:]zum (8)

The second component of noise is due to R, and can be

calculated using (9).
Voowd(1 + Bx3Zow ) = En3fow limn Xz O]

Where: X7 is equivalent to Xy 4//Xc.
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Fig. 5. Equivalent circuit for noise analysis before adding diode connected
transistor M6
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Fig. 7. Equivalent circuit for noise analysis after adding diode connected
transistor M6
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Fig. 8. Small signal model for noise analysis after adding M6

Finally to complete the noise analysis and to make sure that
the proposed mathematical model is correct, we provided a
comparison between the proposed simulated output noise
results using cadence and using Matlab. This comparison is
provided in Table 3, as shown in TABLE III that the two
results are nearly equal, this proves that the proposed
mathematical model is accurate. Fig. 9 shows the plotting of
the output noise power spectral density for the amplifier
before adding diode connected transistor M6 and Fig. 10
shows the plotting of output noise power spectral density for
the amplifier after adding diode connected transistor. From
these plots it is clear that the effect of adding diode
connected transistor on the reduction of amplifier output
noise.

TABLE III. Comparison between amplifier output noise before and after
adding diode connected transistor M6 using cadence and Matlab

UWB LNA before In cadence =2.26 mv,,s | In Matlab = 3
adding M6 MVims
UWB LNA after | In cadence =300 vy In Matlab = 302
adding M6 UVims
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Fig. 9. Simulated output noise power spectral density of LNA before
adding diode connected transistor M6 by cadence and Matlab

wemge Gimiilated resuts wsing cadence
s simulated results using Matiab

Moise powar spaciral densiy { W 2Hz)

i B 3
Fraguancy (GHz}

Fig. 10. Simulated output noise power spectral density of LNA after
adding diode connected transistor M6 by cadence and Matlab

B. Proposed UWB Low Noise Amplifier Simulation Results

Noise figure analysis, noise figure represents noise
performance of low noise amplifier. The simulation result of
noise figure (NF) for the proposed UWB LNA is shown in
Fig. 11. As shown the proposed LNA has low noise figure
value of 1.5 dB, this reduction in noise figure value due to
the reduction in the total output noise of LNA, which
occurred by using diode connected transistor at the output
stage.
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Fig. 11. Noise figure analysis simulation result
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Third order input referred intercept point (IIP3) analysis.
IIP3 analysis measures the linearity of the system at
specified frequency. In the proposed LNA design the IIP3
has been improved after adding diode connected transistor
in parallel with output transistor of LNA, this technique
introduces linearity to the amplifier so IIP3 parameter is
improved. Simulation result of IIP3 is shown in Fig. 12 and
Fig. 13. Fig. 12 represents relation between IIP3 with
frequency. From the obtained results IIP3 reached to 20
dBm at operating frequency from 3.9 GHZ to 15 GHz. This
result ensures that the proposed LNA has good linearity
through the operating frequency range. Fig. 13 represents
plot between input and output power of LNA amplifier, the
plot ensure that the linearity of the proposed LNA has been
improved as IIP3 reached to 20 dBm.
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Input and output impedance matching coefficients (S11 and
S22) and amplifier gain (S21). S11 and S22 coefficients
measure impedance matching of amplifier. In the proposed
LNA the impedance matching is improved by using
common gate (CG) amplifier as input stage. Fig.14 shows
simulation result for input and output impedance matching
coefficient. As shown S11 value is less than -10 and S22
value is less than -10 this means that the proposed LNA has
good impedance matching. The proposed amplifier provides
power gain of 10 dB at frequency range from (3.9 GHz to
15 GHz) as shown in Fig. 15.

Layout of the proposed UWB LNA, The layout of the
proposed UWB LNA is shown in Fig. 16. The proposed
UWB LNA is implemented using 130 nm CMOS
technology. Proposed LNA circuitry consists of 6 NMOS
transistors, four inductors and one capacitor. The separating
distance between amplifier components was kept to be small
as possible to achieve small size design for proposed LNA.

TABLE IV. Post-layout simulation results

Parameter Result
Technology 130 nm CMOS technology
Power supply (Vpp) 1.2V
Gain (S21) 10 dB
Bandwidth 15 GHz
Noise figure (NF) 1.5dB
S11 -10 dB
1IP3 20 dBm
Dissipated power 1.2 mW
Output noise 300 uVims

Summary of the post layout simulation results, The post-
layout simulation for the proposed UWB LNA is introduced
in TABLE IV, as shown from the results, the proposed LNA
provides wide bandwidth from 3.9 GHz to 15 GHz due to
reducing coupling capacitor C1 value and removing
coupling capacitor C2 and some inductors that existing in
traditional one. The amplifier has low power consumption
of 1.2 mW. The output noise of the proposed LNA is
reduced to 300 uV,, due to using diode connected transistor
at the output stage and so the noise figure reached to 1.5 dB.
LNA provides gain (S21) of 10 dB. Input and output
impedance matching coefficient S11 is -10 dB and S22 is -
10 dB. The input referred intercept point IIP3 is 20 dBm and
total output noise is 300 uv,,.. These results make the
proposed UWB LNA is suitable for ultra-wideband wireless
application.

Performance comparison of the proposed UWB LNA and
recently published LNA, Comparison between the proposed
UWB LNA and the recently published LNA is introduced in
TABLE V. All these comparison results and the proposed
results are obtained by simulation. As shown from this
comparison the proposed UWB LNA design having lowest
power dissipation and lowest noise figure compared with
others due to the proposed LNA technique. Finally,
Proposed LNA have high bandwidth, high power gain, low
power consumption, low output noise and low noise figure,
so it is convenient for wireless communication applications.



TABLE V. Performance comparison of proposed LNA and recently published LNA

Reference This work [10]/2013 [11]/2015 [12]/2018 [13]/2019 [14]/2019 [15]/2021
Process 130 nm CMOS 180 nm CMOS 130 nm CMOS 180 nm CMOS 65 nm CMOS 65 nm CMOS 180 nm RF
Process Process Process Process Process Process CMOS process
Power supply 1.2V -— - 1.8V 12V 1V 1.2V
Gain (S21) 10 dB 12.8 dB 10.8 dB
Bandwidth 3.9-15 GHz 2.5-16 GHz 2.35-9.37 GHz 3-12 GHz 3-10 GHz 55-64 GHz 3.1-10.6 GHz
Noise 1.5dB 3.3dB 3.68 dB 1.7-1.99 dB 2.8-3.1dB 3.6 dB 2.5-4 dB
figure(NF)
Sil <-10 dB <-7dB <-8dB <-10dB <-8.7 -12dB -10 dB
11P3 20 dBm -5 dBm -4 dBm -5.5 dBm -5.7 dBm -6 dBm 3.84 dBm
Dissipated 1.2 mW 20 mW 9.97 mW 23.23 mW 18 mW 8.8 mW 6 mW
power
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