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Abstract: An ultra-wideband (UWB) low noise amplifier (LNA) for 3.3–13.0 GHz wireless applications
using 90 nm CMOS is proposed in this paper. The proposed LNA uses an improved common-gate
(CG) topology utilizing feedback body biasing (FBB), which improves noise figure (NF) by a
considerable amount. Parallel-series tuned LC network was used between the common-gate first
stage and the cascoded common-source (CS) stage to achieve the maximum signal flow from CG
to CS stage. Improved CS topology with a series inductor at the drain terminal in the second stage
connected and cascoded CS third stage provides high power gain (S21) and bandwidth enhancement
throughout the complete UWB. A common-drain buffer stage at the output provides high output
reflection coefficient (S22). It achieves an average power gain (S21) of 14.7 ± 0.5 dB with a noise figure
(NF) of 3.0–3.7 dB. It has an input reflection coefficient (S11) less than −11.7 dB for 3.3–13.0 GHz
frequency and output reflection coefficient (S22) of less than −10.6 dB with a very high reversion
isolation (S12) of less than −72.4 dB. It consumes only 5.2 mW from a 0.7 V power supply.

Keywords: common-gate; feedback body bias; low noise amplifier; low power; UWB;
wireless communication

1. Introduction

The Federal Communications Commission (FCC), in 2002, offered a 3.1–10.6 GHz ultra-wideband
frequency (UWB) range, for the implementation of very high data rate wireless communication
links [1]. The FCC set an upper limit on highest power spectral density to −41.3 dBm/MHz over the
3.1–10.6 GHz frequency range, so that the newly designed wireless communication devices could not
interfere with the wireless services existing in the same local area network [1–3]. This upper limit for
power spectral density makes the UWB technology suitable for many interesting wireless applications,
such as wireless personal area networks (WPAN), medical imaging, short-range radars for vehicles
and wireless sensor nodes [4,5]. It gives reasons for low-power very-large scale integration (VLSI)
design industries and researchers to develop low-power, low-noise, and reliable UWB radio-frequency
integrated circuits (RFICs) for these applications. Moreover, continuous shrinking in complementary
metal oxide semiconductor (CMOS) chip fabrication technologies and split manufacturing techniques
in RF designs [6,7], makes it possible to design and fabricate RFICs on the nanometer scale [8,9].

LNA as a primary module of UWB wireless communication receiver requires designers to meet
many challenges like 50 Ω input matching, a low noise figure, flat gain, low power, and the receiver’s
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stability across the complete UWB frequency range [2,3,9]. Two frequently used UWB LNA topologies
by many researchers are common-source (CS) [8,10–16] and common-gate (CG) [2–5,17] (Figure 1).
The CS-topology is suitable to design LNAs for narrow and wide-band matching with high power gain
(S21). However, using the proper band-pass network, CS topologies can also be used for wideband
LNA designs, but it degrades the gain and noise performance of the LNA. A common-source LNA
with impedance feedback topology (Figure 1c) is also famous among some researchers [10–13,17].
However, the noise figure of a resistive feedback LNA is higher than that of CS topology. Distributed
amplifiers (DA) (Figure 1d) are favored by some researchers to realize flat gain LNA for UWB [18,19].
The average power gain of DA is around 8–10 dB [18,19]. Active inductor-based input matching
techniques (Figure 1e) can also be used for gain flatness in CG-topology [20]. However, due to the
inclusion of an additional metal-oxide semiconductor (MOS) device used as an active inductor at the
input, it increases NF as compared to traditional CG-LNA. For example, NF of the LNA proposed
in [20] is greater than 4.5 dB.
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Implementation of feedback-body biasing for input CG transistor leads to the further decrease in the 
power supply (Vdd) due to the decrease in threshold voltage, which results from a decrease in power 
consumption. The advantage of a wideband input matching capability and utilizing the 
body-biasing to decrease power consumption brought our attention to the traditional CG LNA 
topologies for the 3.1–10.6 GHz UWB frequency. This paper is organized as follows: Section 2 
describes the proposed LNA design methodology for the proposed LNA. In Section 3, the results of 
the proposed LNA circuit and comparison with the previous work are presented. Finally, Section 4 
concludes this paper. 

2. Operational Principle and Circuit Implementation 

The circuit diagram of the proposed UWB LNA shown in Figure 2 consists of four stages. At the 
input side, a common-gate cascode topology has been used to achieve wideband input matching. 
The source inductor (Ls1) and gate-source parasitic capacitance (Cgs1) dictates the input resonance 
frequency of the CG-stage. The transistor M1 has been configured to feedback-body biasing through 
the feedback resistor R1 connected to drain terminal of M2, to boost-up the noise figure performance 
and the power consumption, whereas the transistor M2 is cascoded with M1 to enhance the gain of 

Figure 1. Basic LNA topologies: (a) Common source; (b) common gate; (c) CS with impedance feedback;
(d) distributed LNA; (e) active inductor LNA.

This paper reports a design of a low-power LNA using CG feedback-body biased topology
for an UWB frequency. A CG configuration provides a very simple technique for UWB input
impedance matching by setting 1/gm equal to 50 Ω, where gm is the transconductance of CG transistor.
Implementation of feedback-body biasing for input CG transistor leads to the further decrease in the
power supply (Vdd) due to the decrease in threshold voltage, which results from a decrease in power
consumption. The advantage of a wideband input matching capability and utilizing the body-biasing
to decrease power consumption brought our attention to the traditional CG LNA topologies for the
3.1–10.6 GHz UWB frequency. This paper is organized as follows: Section 2 describes the proposed
LNA design methodology for the proposed LNA. In Section 3, the results of the proposed LNA circuit
and comparison with the previous work are presented. Finally, Section 4 concludes this paper.

2. Operational Principle and Circuit Implementation

The circuit diagram of the proposed UWB LNA shown in Figure 2 consists of four stages. At the
input side, a common-gate cascode topology has been used to achieve wideband input matching.
The source inductor (Ls1) and gate-source parasitic capacitance (Cgs1) dictates the input resonance
frequency of the CG-stage. The transistor M1 has been configured to feedback-body biasing through
the feedback resistor R1 connected to drain terminal of M2, to boost-up the noise figure performance
and the power consumption, whereas the transistor M2 is cascoded with M1 to enhance the gain of
the first stage. The CG first stage has been cascoded with two stages of common source configuration
using transistors M3 and M4 respectively, to enhance the gain and bandwidth proposed for UWB LNA.
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In first CS stage, Ld3 serves as a series peaking inductor, which increases the gain flatness. At the
output side, a buffer stage has been used for enhancing the output matching (S22) performance of
the proposed LNA. The output of the transistor is tuned by a parallel LC resonating circuit, in which
an inductor (Ld4) resonates with the total gate-drain parasitic capacitances (i.e., Cgd4 + Cgd5) of the
transistors M4 and M5, respectively. The output is taken from the source terminal of transistor M5

whereas M6 behaves as a saturated load.
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Figure 2. Circuit diagram of the proposed UWB LNA.

The capacitors Cin, C1, C2 and C3 are the coupling capacitors, whereas the resistors R2 to R5

are used as biasing resistors. Maximum power flow from receiver end to the load end is one of the
important requirements for an LNA design, and for this purpose, a parallel to series LC network has
been used between common gate first stage’s output and the input of second stage. In this, drain
inductor (Ld2) and gate-drain parasitic capacitance (Cgd2) of M2 are figured as parallel resonance

circuit resonating at 1/
√

Ld2Cgd2, whereas inductor L1 and the capacitance C1 are used to form series

resonance circuit resonating at 1/
√

L1C1. A frequency response equivalent to a band-pass filter can
be achieved when parallel LC tank resonates at the same centerfrequency at which series LC tank

does. This condition can be achieved when
(

Ld2Cgd2

)− 1
2
= (L1C1)

− 1
2 , i.e., Ld2Cgd2 = L1C1. Table 1

provides the parameter values for the proposed LNA design.

Table 1. Parameters for the proposed LNA.

Transistors
W (µm) × L (µm)

Inductance
(nH)

Resistance
(KΩ)

Capacitance
(pF)

M1 30 × 0.09 Ls1 5.5 R1 0.5 Cin 1.0
M2 45 × 0.09 Ld2 8.5 R2 5.0 C1 1.0
M3 35 × 0.09 L1 5.0 R3 5.0 C2 1.5
M4 18 × 0.09 Ld3 10.0 R4 0.5 C3 1.5
M5 21 × 0.09 L2 8.5 R5 5.0
M6 35 × 0.09 Ld4 7.1

2.1. Forward Body Baising to Decrease Power Consumption

Due to the cascode architecture of transistors M1 and M2, it demands high Vdd supply. This limits
the design of LNA to low power consumption. To mitigate this problem, the forward-body bias
technique has been implemented in this paper, to operate the proposed UWB LNA at lower Vdd supply
of 0.7 V. The transistor M1 is the key-element in deciding the input impedance matching and noise
figure of the complete LNA circuit, and to isolate it from transistor M2, the forward-body bias technique
has been applied only to M1. This provides more degrees of freedom in finalizing the device dimensions
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of M2, to keep transconductance (gm2) constant and to provide constant current to primary amplifying
transistor M1 [19–21]. The threshold voltage Vth of the transistor M1 can be characterized by:

Vth = Vt0 + γ0(
√

2ϕf −VBS −
√

2ϕf) (1)

where Vt0 is the threshold voltage for zero body-to-source voltage (i.e., VBS =0), γ0 is a constant that
describes body-effect and usually has a value in the range of 0.3–0.4 V and ϕf is the bulk Fermi-potential.
It is clear from Equation (1) that applying a forward voltage to body terminal will reduce the threshold
voltage of MOS device which in turn helps in reducing the power consumption.

2.2. Frequency Response of S11 and S22

In this section, the proposed LNA design has been analyzed for the frequency response of the
input reflection coefficient (S11) and the output reflection coefficient (S22). The approximate expressions
for S11 and S22 have been derived here using the small-signal model of the proposed LNA shown
in Figure 3, where the effect of the input capacitor (Cin) on the overall input impedance (Zin) has
been neglected.
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After using fundamental network theorems, the input impedance of the proposed LNA design
can be obtained as:

Zin(ω) ≈
(

jωLs1

1−ω2Ls1Cgs1

)
||ZX(ω) = Zs1(ω)‖ZX(ω) (2)

where Zs1(ω) is impedance of parallel LC tank and ZX(ω) can be expressed as:

ZX(ω) =

[
ro1
(
1 + gm2ro2 + jωCgs2(ro2 + ZLoad1(ω)) + gmb1ZLoad1(ω)

)
+ro2 + ZLoad1(ω)(1 + gmb1ro1gm2ro2)

]
[1 + ro1(gm1 + gmb1)]

[
1 + gm2ro2 + jωCgs2(ro2 + ZLoad1(ω))

] (3)

where gm1, gm2 are transconductances and 1/ro1, 1/ro2 are drain-to-source channel conductance of M1

and M2 respectively. Back-gate transconductance of M1 is denoted by gmb1 and ZLoad1 is the total load
impedance connected at the drain of transistor M2. In Equation (3), assuming ro1 >> 1 and ro2 >> 1,
then at the input parallel resonance condition set up by Ls1 and Cgs1 and the input impedance Zin(ω)
can be approximated as:

Zin(ω) ≈
gm2 + jωCgs2 + ZLoad1(ω)gmb1gm2

(gm1 + gmb1)
(

gm2 + jωCgs2
) )

(4)
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The input reflection coefficient (S11) can be expressed as:

S11 = (Zin(ω)− Rs)× (Zin(ω) + Rs)
−1 (5)

In general, S11 ≤ −10 dB is an essential requirement for the entire frequency of interest.
From Equations (4) and (5) we have:

S11dB = 20 log10

√
(gm2−Rsgm2(gm1+gmb1))

2+|jωCgs2(1−Rs(gm1+gmb1))+ZLoad1(ω)gmb1gm2|2

(gm2+Rsgm2(gm1+gmb1))
2+|jωCgs2(1+Rs(gm1+gmb1))+ZLoad1(ω)gmb1gm2|2

≤ −10 dB (6)

For the output reflection coefficient (S22), output impedance estimated by looking into the output
buffer transistor M5 is keeping input of the buffer stage as zero. The output impedance of the proposed
LNA can be expressed as:

Zout(ω) ≈
1 + jωZ4(ω)Cgs5

gm5+ jωCgs5
‖ro5‖ro6

≈
1 + jωZ4(ω)Cgs5

gm5+ jωCgs5

(7)

where Z4(ω) is the impedance of the LC tank formed by Ld4 with (Cgd4 + Cgd5). Cgd4 is the gate-to-drain
parasitic capacitance of transistor M4, whereas Cgs5 and gm5 are the gate-source parasitic capacitance
and transconductance of the transistor M5, respectively. The output reflection coefficient (S22) is
given by:

S22 =
Zout(ω)− Rs

Zout(ω) + Rs
(8)

2.3. Noise Figure Analysis

The noise equivalent model of the proposed UWB is shown in Figure 4. The input CG transistor
M1 plays a significant role in overall the noise figure of the LNA while the noise contribution of
cascoded transistor M2 and other successive stages is very small. In Figure 4, the main noise sources
included are: the thermal noise due to signal source resistance Rs represented by V2

n,Rs = 4kTRs∆ f , the

gate-induced noise of M1 represented by i2n,g1 = 4kTδgg1∆ f and the channel-induced thermal noise

of M1 represented by i2n,d1 = 4kTγgd0∆ f where, k is the Boltzmann constant, T is the temperature in
Kelvin, ∆ f is noise bandwidth, δ is the coefficient of gate-induced noise and γ is the coefficient of
channel-induced thermal noise. The gg and gd0 are given by gg =

(
ω2C2

gs1

)
/(5gd0) and gd0 = gm1/α

respectively, where gg is the equivalent gate conductance and gd0 is the zero-bias drain conduction of
transistor M1. Another important noise source of MOS transistor of noise due to the bulk-resistance
(RB) given by i2nb1 = 4kTRBg2

mb1∆ f [22]. This bulk-resistance is distributive in nature, which is very
difficult of analyze quantitatively [23]. Furthermore, this noise is also not correlated with the gate
induced noise and the channel induced thermal noise. However, the effect of noise due to bulk
resistance can be decreased by decreasing the value of gmb1 and is clear from the expression of gmb1
given by:

gmb1 =
∂ID

∂VBS
= gm·

γ0

2
√∣∣∣2φ f

∣∣∣+ VSB

(9)

This will be possible if we apply a forward voltage to the body terminal of M1. The correlation
coefficient c between induced gate noise (i2n,g1) and channel induced thermal noise (i2n,d1) is also
ignored here for simplifying our noise figure analysis. The noise figure of the proposed LNA can be
expressed as:

NF = 1 +
V2

n,out,g1 + V2
n,out,d1

V2
n,out,Rs

(10)
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where V2
n,out,Rs, V2

n,out,g1 and V2
n,out,d1 are the rms output noise voltages at the drain terminal of M2 due

to V2
n,Rs, i2n,g1 and i2n,d1, respectively. The V2

n,out,Rs, V2
n,out,g1 and V2

n,out,d1 can be expressed as:

V2
n,out,Rs = V2

n,Rs ×
g2

m2(gm1 + gmb1)
2|Zs1(ω).ZLoad1(ω)|2∣∣∣∣∣

(
gm2 + jωCgs2

)
(Rs + Zs1(ω) + RsZs1(ω)(gm1 + gmb1))

+gmb1gm2ZLoad1(ω)(Rs + Zs1(ω))

∣∣∣∣∣
2 , (11)

V2
n,out,g1 =

αδω2C2
gs1Rs

5gm1
×V2

n,out,Rs, (12)

and:

V2
n,out,d1 =

γgm1

αRs(gm1 + gmb1)
2

[
1 +

R2
s

|Zs1(ω)|2

]
×V2

n,out,Rs, (13)

Respectively. Substituting the Equations (11)–(13) in Equation (10), we get the noise figure
expression of the proposed UWB LNA as:

NF ≈ 1 +
αδω2C2

gs1Rs

5gm1
+

γgm1

αRs(gm1 + gmb1)
2

[
1 +

R2
s

|Zs1(ω)|2

]
(14)
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3. Simulation Results

The proposed LNA is designed and simulated using a 90 nm CMOS process for 3–14 GHz UWB
frequency range. The simulation results for S-parameters, noise figure and stability of the proposed
FBB UWB LNA are shown in Figure 5. It can be observed from Figure 5a that the proposed LNA
UWB input matching with S11has less than −10.6 dB for a frequency range of 3.3 GHz to 13.0 GHz.
For this purpose, the transconductance (gm1) of M1 was set to 26 mS so that 1/gm1 ≈ 38.4 Ω, so that
the difference from the 50 Ω antenna impedance will be contributed to by the successive stages in the
LNA architecture. Due to the CG cascode topology the proposed UWB LNA has a very high reverse
isolation (S12) of less than −72.4 dB was achieved throughout the complete UWB range (Figure 5b).
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The frequency response for power gain (S21) is shown in Figure 5c and it can be observed from
the figure that S21 was greater than 14.2 dB throughout the frequency range of 3.0 GHz to 13.0 GHz.
The proposed LNA shows a flat S21 for 15.7 ± 0.5 dB for a frequency range of 4.5 GHz to 13.0 GHz
whereas, the output reflection coefficient (S22) was less than −10.8 dB for the 3.0 GHz to 13.0 GHz
frequency range (Figure 5d). The noise figure plot of the LNA proposed is shown in Figure 5e and it
can be observed from the noise figure versus frequency plot, NF was ranging from 3.0 dB to 4.0 dB for
the complete UWB frequency range.

In extension to the parameters discussed earlier for the designing of LNA, another significant
parameter to be considered is the Stability factor (K). The absolute stability is an essential requirement
for the designed LNA. The stability factor can be expressed as:

K =
1− |S11|2 − |S22|2 + |S11S22 − S12S21|2

2|S12S21|
> 1 (15)

|∆| = |S11S22 − S12S21| < 1 (16)
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The stability factor (K) should be greater than 1 and the delta (|∆|) should be less than 1 for an
unconditional stability of a system throughout the complete UWB frequency range. Figure 5f shows
the stability of the proposed LNA design, where minimum value obtained for K was equal to 330 at
13.0 GHz, which is far greater than unity and the value of delta (|∆|) at less than 0.12.

To evaluate the effect of feedback body bias technique on noise figure, power gain and input
reflection coefficient, the proposed LNA has been simulated with feedback body bias at Vdd supply of
0.7 V and without body biasing at Vdd supply of 0.7 V and 0.9 V. It can be observed from Figure 6 that
noise figure, power gain and input matching performance of the proposed LNA was improved with a
CG FBB topology with the advantage of requirement of lower Vdd supply.
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Another significant parameter to be considered is linearity. The input signal received from the
antenna must be linearly amplified by the designed LNA. As LNAs are usually biased at a very low
voltage, at this low voltage the linearity survives due to transconductance (gm) and drain-conductance
(gds) nonlinearities of the MOS device. Linearity of the proposed LNA has been analyzed graphically in
terms of a 1-dB compression point (P1dB), and a third order interface point (IIP3) for which input power
was swept from −40 dBm to −10 dBm. It can be observed from Figure 7a that P1dB at the fundamental
frequency of 7.0 GHz was −23.0 dBm. A two tone test was performed at a center frequency of 7.0 GHz
that gave two tones at f 1 = 6.995 GHz and f 2 = 7.005 GHz with frequency spacing of 10 MHz to
find IIP3. Extrapolating the fundamental signal and third order signal outputs and finding out the
intersection of the two gives the approximate value of IIP3. It can be observed from Figure 7b that IIP3
of the proposed LNA was −19 dBm.
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The designed UWB LNA must be stable against temperature variations. To ensure this, the
designed LNA was simulated at nominal, slow-slow (SS), and fast-fast (FF) process corners and at
different temperatures of −25◦, 25◦ and 50◦ Celsius (Figure 8). It can be observed from Figure 8a,b that
the feedback of the proposed UWB LNA had a minimum NF that varied from 2.87–3.75 dB to 3.0–4.0 dB
at the FF and SS corners respectively, and it varied from 3.1–3.6 dB to 3.3–4.3 dB for −25 ◦C to −50 ◦C
temperature variations, respectively. Figure 8c,d shows the frequency responses of the input reflection
coefficient against process and temperature variations. It can be observed that S11 was less −9.0 dB for
4–13 GHz for all process corners, and was less than 9.1 dB for 5–13 GHz for the temperature range of
−25 ◦C to 50 ◦C. The power gain frequency response of the proposed LNA is shown in Figure 8e–f,
which confirmed the robustness of the proposed UWB LNA against temperature variations.
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Results in this study were obtained with theoretical calculations and simulations with standard
model files in 90 nm technology. The chip-layout of the proposed LNA is shown in Figure 9, which
is designed using the Cadence Layout tool using a 90 nm CMOS process. The dimensions of all the
inductors have been calculated using the expression from Mohan et al. (1999) [24]. All the inductors
have been designed using metal-1 layer with a turn width and turn spacing of 5 µm and an outer
diameter (Dout) of 300 µm for each. As the designed LNA is required to achieve a large bandwidth,
the Q-factor of the inductors used in the proposed LNA was very small and ranges from 0.6–1.5.
The capacitors Cin and C1 were designed using metal-insulator-metal using metal-2 and metal-3 layers.
The capacitors C2 and C3 were designed using a N-type MOS device, whereas the N-diffusion resistors
were used to decrease the layout area. The chip layout occupied 1.318 mm2 of area. In order to evaluate
and compare the overall performance of the proposed UWB LNA with previous work, a figure-of-merit
(FOM) has been evaluated. The figure-of-merit can be obtained as [14,22,23]:

FOM[GHz/mW] =
|S21|abs × BWGHz

(F− 1)× PmW
(17)

where |S21|abs is the absolute value of S21, BW is the 3-dB bandwidth measured in GHz, F is noise
factor and PmW is the power consumption in mW.
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The simulation results of the proposed UWB LNA were compared with the previous published
work from a wide literature in Table 2. Comparison mainly focused on noise figure (NF), input
reflection coefficient (S11), output reflection coefficient (S22), power gain (S21) and power consumption
for 3.1–10.6 GHz UWB frequency. The LNAs implemented in References [8,23,25] uses common-source
resistive feedback topology for wideband input matching, but the noise figure was in 3.0–5.3 dB
range and consumed more power as compared to the LNA proposed in this paper. A noise cancelling
technique was utilized in References [14,23] with a high power consumption of 9.97 mW and 23.23 mW
respectively. CS with an FBB technique was used in References [20,26,27], however, the power
consumed by the LNA proposed in References [20,26] was greater than 9 mW and 13.0 mW, respectively.
Due to the use of the small power supply LNA proposed in References [27] it consumed less power but
had S11 of ≤−5 dB. It can be observed from Table 2 that the proposed LNA design had better overall
performance in terms of the noise figure, S11, S21, S22, bandwidth and the power consumption.

Table 2. Comparison of the simulation results of proposed LNA with previously published work.

Ref. &
Year Topology Tech

(nm)
Vdd
(V)

BW
(GHz) S11 (dB) S21 (dB) S22 (dB) NF (dB) IIP3 (dBm) Power

(mW) FOM1

This
work S

CG
Feedback
Body Bias

90 0.7 3.3–13.0 <−10.6 14.7 ± 0.5 @
4.5–13.0 GHz <−10.8 3.0 ± 0.5 −19 @ 7.0

GHz 5.2 8.54

[10],
2010 m

CS-resistive
feedback 90 1.2 3.1–10.6 <−14.1 10.4 ± 0.2 *,

10.68 $ - 3.075 ±
0.155 +4 21.6 -

[28],
2011 m

Current-
reused 90 1.2 2.6–10.2 <−9 12.5 $ 3–7 - 7.2 -

[16],
2008 m

CS-resistive
feedback 90 1.2 0.2–9 <−10 10 – 4.2 # −8 20 -

[29],
2013 S

CS Forward
Body Bias 130 0.6 3.1–10.6 ≤−5 21 $ ≤−10.6 1.0–3.9 +4.56 @ 6.0

GHz 4.1 -

[30],
2015 m

CS Forward
Body Bias 130 1.0 3.0–10.0 ≤−11.4 12.1 $ ≤11.7 3.04–3.48 −6.6 @ 6.0

GHz 13.0 -

[17],
2015 S

Noise
cancelling 130 1.3 2.3–9.37

a ≤−8 10.3 $ ≤−8 3.68–9.2 −4 @ 4.5
GHz 9.97 5.71

[27],
2013 m

CS
Resistive

Termination
180 1.0 3–5.6 a ≤−9 @

3–11 GHz 9 a
≤−8 @
3–7.5
GHz

4.6–5.3 a +2 @ 5.3
GHz 9.0 -

[22],
2015 L

CS Forward
Body Bias 180 1.5 3.1–10.6 <−10.6 14.4 ± 1.4 <−12.1 2.2–3.2 −6.0 9.0 -

[25],
2013 S

Common
Gate 180 1.2 3.1–10.6 <−5.5 12.75 ± 0.83 <−7 2.5–3.7 −8.2 @ 5

GHz 12.14 12.58

[26],
2018 S

Noise
cancelling 180 1.8 3–12 <−10 19.24–20.24 - 1.72–1.99 23.23 7.1

[31],
2008 S

Forward
Body Bias 180 0.6 5 <−8 14.1 - 3.65 −17.1 1.68 -

S Simulation results, m measurement results, L Layout data, a 3dB BW, * average value, $ max value, # minimum.

4. Conclusions

A low power UWB LNA was proposed in this paper for the UWB frequency range. The proposed
LNA was designed and simulated using a 90nm CMOS process and implemented using common-gate
cascade topology, with a feedback body biasing technique. Drain to body feedback was implemented
using a resistor of 0.5 KΩ between the body terminal of M1 and the drain of M2 to alter the noise figure
and power consumption. Detailed S11, S22 and noise figure analysis was also provided to support the
simulation results of the proposed LNA. The proposed LNA achieved a flat power gain (S21) of 14.7 ±
0.5 dB for 4.5–13.0 GHz and noise figure of 3.0–4.0 dB. An output reflection coefficient of <−10.8 dB
was achieved throughout the complete UWB range with a very small power consumption of 5.2 mW,
including the output buffer stage and has a chip-layout area of 1.318 mm2

, which makes the proposed
LNA design a good candidate for low power and low noise wireless applications.



J. Low Power Electron. Appl. 2018, 8, 42 12 of 13

Author Contributions: All the authors have contributed to the paper. The designing, writing, and executing the
simulations to observe and record the results along with analysis is done by V.S. The work is done under the
supervision of S.K.A and M.K.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ultra-Wide-Band (UWB). First Report and Order Transl.; Federal Communications Commission (FCC):
Washington, DC, USA, 2002.

2. Shim, J.; Yang, T.; Jeong, J. Design of low power CMOS ultra wideband low noise amplifier using noise
cancelling technique. Microelectron. J. 2013, 44, 821–826. [CrossRef]

3. Pandey, S.; Singh, J. A low power and high gain CMOS LNA for UWB applications in 90nm CMOS process.
Microelectron. J. 2015, 46, 390–397. [CrossRef]

4. Lu, Y.; Yeo, K.S.; Cabuk, A.; Ma, J.; Do, M.A.; Lu, Z. A novel CMOS low noise amplifier design for 3.1 to 10.6
GHz ultra-wide-band wireless receivers. IEEE Trans. Circuits Syst. 2006, 53, 1683–1692. [CrossRef]

5. Lo, Y.T.; Kiang, J.F. Design of wideband LNAs using parallel-to-series resonant matching network between
common-gate and common-source stages. IEEE Trans. Microw. Theory Tech. 2011, 59, 2285–2294. [CrossRef]

6. Bi, Y.; Yuan, J.S.; Jin, Y. Beyond the interconnections: Split manufacturing in RF designs. Electronics 2015, 4,
541–564. [CrossRef]

7. Bi, Y.; Shamsi, K.; Yuan, J.S.; Gaillardon, P.E.; Micheli, G.D.; Yin, X.; Hu, X.S.; Niemier, M.; Jin, Y. Emerging
technology based design of primitives for hardware security. ACM J. Emerg. Technol. Comput. Syst. 2016, 13,
3. [CrossRef]

8. Nakhlestani, A.; Hakimi, A.; Movahhedi, M. A novel configuration for UWB LNA suitable for low power
and low voltage applications. Microelectron. J. 2012, 43, 444–451. [CrossRef]

9. Arshad, S.; Zafar, F.; Ramzan, R.; Wahab, Q. Wideband and multiband CMOS LNAs: State-of-the-art and
future prospects. Microelectron. J. 2013, 44, 774–786. [CrossRef]

10. Chen, H.K.; Lin, Y.S.; Lu, S.S. Analysis and design of a 1.6–28 GHz compact wideband LNA in 90nm CMOS
using a π-match input network. IEEE Trans. Microw. Theory Tech. 2010, 58, 2092–2104. [CrossRef]

11. Parvizi, M.; Allidina, K.; Gamal, M.N.E. A sub-mW, ultra-low-voltage, wideband low-noise amplifier design
technique. IEEE Trans. Very Large Scale Integr. Syst. 2015, 23, 1111–1122. [CrossRef]

12. Huang, D.; Diao, S.; Qian, W.; Lin, F. A resistive feedback LNA in 65 nm CMOS with a gate inductor for
bandwidth extension. Microelectron. J. 2015, 46, 103–110. [CrossRef]

13. Feng, C.; Yu, X.; Lu, Z.; Lim, W.; Sui, W. 3–10 GHz self biased resistive feedback LNA with inductive source
degeneration. Electron. Lett. 2013, 49, 387–388. [CrossRef]

14. Hampel, S.; Schmitz, O.; Tiebout, M.; Rolfes, I. Inductorless 1–10.5 GHz wideband LNA for multistandard
applications. In Proceedings of the IEEE Asian Solid State Circuit Conference, Taipei, Taiwan, 16–18
November 2009; pp. 269–272.

15. Kytonaki, E.S.; Simitsakis, P.; Bazigos, A.; Papananos, Y. Design and implementation of a 1-V transformer
feedback low-noise amplifier (LNA) at 5–6 GHz, in 90 nm complementary metal-oxide-semiconductor
(CMOS) process. Int. J. Electron. 2011, 98, 235–248. [CrossRef]

16. Chang, T.; Chen, J.; Rigge, L.A.; Lin, J. ESD-protected wideband CMOS LNAs using modified resistive
feedback techniques with chip-on-board packaging. IEEE Trans. Microw. Theory Tech. 2008, 6, 1817–1826.
[CrossRef]

17. Arshad, S.; Ramzan, R.; Muhammad, K.; Wahab, Q. A sub-10mW, noise cancelling, wideband LNA for UWB
applications. Int. J. Electron. Commun. 2015, 69, 109–118. [CrossRef]

18. Machiels, B.; Reynaert, P.; Steyaert, M. Power efficient distributed Low Noise Amplifier in 90 nm CMOS.
In Proceedings of the IEEE International Symposium on Radio Frequency Integrated Circuits, Anaheim, CA,
USA, 23–25 May 2010; pp. 131–134. [CrossRef]

19. Mæland, K.; Kjelgård, K.G.; Lande, T.S. CMOS distributed amplifiers for UWB radar. In Proceedings of the
IEEE International Symposium on Circuits and Systems, Lisbon, Portugal, 24–27 May 2015; pp. 1298–1301.
[CrossRef]

http://dx.doi.org/10.1016/j.mejo.2013.06.001
http://dx.doi.org/10.1016/j.mejo.2015.01.002
http://dx.doi.org/10.1109/TCSI.2006.879059
http://dx.doi.org/10.1109/TMTT.2011.2160080
http://dx.doi.org/10.3390/electronics4030541
http://dx.doi.org/10.1145/2816818
http://dx.doi.org/10.1016/j.mejo.2012.04.004
http://dx.doi.org/10.1016/j.mejo.2013.04.011
http://dx.doi.org/10.1109/TMTT.2010.2052406
http://dx.doi.org/10.1109/TVLSI.2014.2334642
http://dx.doi.org/10.1016/j.mejo.2014.10.012
http://dx.doi.org/10.1049/el.2012.4472
http://dx.doi.org/10.1080/00207217.2010.520149
http://dx.doi.org/10.1109/TMTT.2008.927301
http://dx.doi.org/10.1016/j.aeue.2014.08.002
http://dx.doi.org/10.1109/rfic.2010.5477322
http://dx.doi.org/10.1109/iscas.2015.7168879


J. Low Power Electron. Appl. 2018, 8, 42 13 of 13

20. Saberkari, A.; Kazemi, S.; Shirmohammadli, V.; Yagoub, M.C.E. gm-boosted flat gain UWB low noise
amplifier with active inductor-based input matching network. Integr. VLSI J. 2016, 52, 323–333. [CrossRef]

21. Rashtian, H.; Mirabbasi, S. Applications of body biasing in multistage CMOS low noise amplifiers. IEEE Trans.
Circuits Syst. 2014, 6, 1638–1647. [CrossRef]

22. Wan, Q.; Wang, Q.; Zheng, Z. Design and analysis of a 3.1–10.6 GHz UWB low noise amplifier with forward
body bias technique. Int. J. Electron. Commun. 2015, 69, 119–125. [CrossRef]

23. Sansen, W.M. Analog Design Essentials; Springer: New York, NY, USA, 2006.
24. Mohan, S.S.; del Mar Hershenson, M.; Boyd, S.P.; Lee, T.H. Simple Accurate Expressions for Planar Spiral

Inductances. IEEE J. Solid-State Circuits 1999, 34, 1419–1424. [CrossRef]
25. Alvadi-Rad, H.; Ziabakhsh, S.; Yaqoub, M.C.E. A 1.2 V CMOS common-gate low noise amplifier for UWB

wireless communications. J. Circuits Syst. Comput. 2013, 22, 1350052. [CrossRef]
26. Hayati, M.; Cheraghaliei, S.; Zrghami, S. Design of UWB low noise amplifier using noise-canceling and

current-reused techniques. Integr. VLSI J. 2018, 60, 232–239. [CrossRef]
27. Chen, J.-D. A Low-Power Ultrawideband Low-Noise Amplifier in 0.18µm CMOS Technology. Active Passive

Electron. Compon. 2013, 2013, 953498. [CrossRef]
28. Sapone, G. A 3–10-GHz low-power CMOS low-noise amplifier for ultra-wideband communication.

IEEE Trans. Microw. Theory Tech. 2011, 59, 678–686. [CrossRef]
29. Rastegar, H.; Saryazdi, S.; Hakimi, A. A low power and high linearity UWB low noise amplifier (LNA) for

3.1–10.6 GHZ wireless applications in 0.13 µm CMOS process. Microelectron. J. 2013, 44, 201–209. [CrossRef]
30. Soon, K.L.; Ramiah, H.; Tey, Y.Y. A 3.0–10.0 GHz UWB Low Noise Amplifier with Forward Body bias

Technique. IETE J. Res. 2016, 62, 91–99. [CrossRef]
31. Hsieh, H.H.; Wang, J.H.; Lu, L.H. Gain-enhancement techniques for CMOS folded cascode LNAs at

low-voltage operations. IEEE Trans. Microw. Theory Tech. 2008, 56, 1807–1816. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.vlsi.2015.06.002
http://dx.doi.org/10.1109/TCSI.2013.2290848
http://dx.doi.org/10.1016/j.aeue.2014.08.001
http://dx.doi.org/10.1109/4.792620
http://dx.doi.org/10.1142/S0218126613500527
http://dx.doi.org/10.1016/j.vlsi.2017.10.002
http://dx.doi.org/10.1155/2013/953498
http://dx.doi.org/10.1109/TMTT.2010.2090357
http://dx.doi.org/10.1016/j.mejo.2013.01.004
http://dx.doi.org/10.1080/03772063.2015.1083900
http://dx.doi.org/10.1109/TMTT.2008.927304
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Operational Principle and Circuit Implementation 
	Forward Body Baising to Decrease Power Consumption 
	Frequency Response of S11 and S22 
	Noise Figure Analysis 

	Simulation Results 
	Conclusions 
	References

