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Abstract
In this paper, a CMOS low noise amplifier (LNA) for ultra-wideband (UWB) wireless 
applications is presented. The proposed CMOS LNA is designed using common-gate (CG) 
topology at the first stage to achieve ultra wideband input matching. The common-gate 
has been cascaded with common-source (CS) current-reused configuration to enhance the 
gain and noise figure (NF) performance of the LNA with low power consumption. In order 
to ensure maximum power flow from CG input stage to gm boosted CS current-reused 
stage, parallel-series LC matching has been used. The output-matching network is used 
to improve the output reflection coefficient. The LNA is designed using standard 90 nm 
CMOS process for 3.1–10.6 GHz UWB. It exhibits a power-gain (S21) of 19.2–20.8 dB, an 
NF of 2.3–3.7 dB, a reverse-isolation (S12) of less − 53.8 dB and an S22 of less than − 6 dB 
for the entire UWB frequency range. The proposed LNA has an input reflection coefficient 
(S11) of less than − 10.6 dB for 3.1–10.6 GHz. It achieves input 1-dB compression point 
(P1dB) of − 17  dBm at 6  GHz and input third-order intercept point (IIP3) of − 8  dBm, 
while it consumes only 5.05 mW of power from a Vdd supply of 0.7 V.

Keywords Common-gate · Current-reuse · Input-matching · Low noise amplifier · UWB · 
Wireless communication

1 Introduction

The continuously emerging new applications of wireless communication devices lead to 
the development of communication systems with low power consumption, high data rate 
and wider bandwidth. Simultaneously in 2002, Federal Communications Commission 
(FCC) [1] releases 3.1–10.6 GHz frequency spectrum for unlicensed operations and attract 
researchers and engineers to design communication devices for UWB frequency. In last 
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few years ultra-wideband (UWB) technology is proving itself as the best candidate for 
designing of UWB digital applications with high data transmission rate, low complex cir-
cuits and high immunity. The UWB consists of fourteen channels each having bandwidth 
of 528 MHz which are further clustered in five band-groups (BG) as shown in Fig. 1. FCC 
imposed maximum upper power emission limit of − 41.3 dBm/MHz on UWB channels to 
avoid any inter-channel interference with neighboring channels. This motivates researchers 
to design wireless communication devices for UWB.

Further, in order to survive and fulfill the requirements of current and future market 
trends, the complementary metal-oxide semiconductor (CMOS) technology is prefer-
ably used to design radio frequency integrated circuits (RFICs) with low power consump-
tion, large integration and smaller size. In comparison to SiGe based HBTs, GaAs based 
HEMTs and BJTs, the continuous scaling in CMOS with advanced fabrication technolo-
gies makes it now possible to fabricate RFICs as a system on chip (SOC) using CMOS, 
without sacrificing the performance of RFICs [2].

The low noise amplifier (LNA) is a primary module in the receiver chain of all wireless 
communication devices. Low noise figure (NF) preferably less than 3.0 dB, high flat power 
gain (S21) to amplify weak input signal received from 50 Ω antenna, wideband band input-
matching, high reverse-isolation (S12), high linearity and unconditional stability are the key 
factors in defining the overall performance of the CMOS UWB receiver [3]. Simultane-
ous achievement of all the performance parameters of LNA is a very critical task as there 
are trades off between these performance parameters which make the LNA design process 
more critical. Input-matching and the noise figure characteristics of an UWB LNA forms 
the basis for broadly categorizing the architectures of CMOS UWB LNA into two major 
groups specifically: common-source and Common-gate as shown in Fig. 2.

Common-source resistive termination shown in Fig.  2a could be a way to enhance 
the bandwidth of LNA [4–6]. But the inclusion of a resistance at gate of input CS tran-
sistor is not only attenuates the input signal but also adds to the noise figure of the 
CS-LNA. Adding resistance at the input also puts a lower bound on the noise figure 
i.e., NF ≥ 2 + 4(�∕�)(1∕gmRs) of the CS-resistive termination LNA, where α is the ratio 
of the transconductance (gm) and zero-bias transconductance (gds0) of the input transis-
tor. The trade-off between power-gain (S21) and noise figure (NF) is also seen in this 
topology. Resistive-feedback shown in Fig. 2b has also been explored by many research-
ers [7–9] to achieve UWB input-matching and low NF. As, extra noise has been added 
by the feedback resistor Rf, lower limit of NF is restricted to nearly 3.5  dB. CS with 
inductive-degeneration (CSID) shown in Fig. 2c can be another solution for wideband 

Fig. 1  Ultra-wideband frequency spectrum released by FCC in the year 2002
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LNA with low noise figure [6, 10, 11]. The input impedance,  Zin(ω) of CSID is given by 
Zin(�) = j�

(
Lg + Ls

)
+
(
j�Cgs

)−1
+ �TLs , ωT is the unity gain frequency of the transis-

tor and is given by ratio of the tansconductance (gm) and the gate-source parasitic capac-
itance (Cgs) of the input transistor M. The input resonance frequency (ω0) of the CSID-
LNA is given by �0 =

((
Lg + Ls

)
Cgs

)−1 . The matched input quality-factor (Qin) and the 
noise figure of the CS LNA in matched condition can be expressed as 

(
2�0RsCgs

)−1 
and 

{
1 + �∕

(
gmRsQ

2

in

)}
 , respectively, where γ is the coefficient of the channel induced 

thermal noise [6–9]. The quality factor of the CS-LNA under matching conditions is 
very small and this makes CS-LNA more suitable only for the design of narrow band or 
wide-band LNAs. The quality factor of CS-LNA can be increased by the use of small 
input transistors. However, this in turn demands for large size of the source inductor 
to resonate with small gate-source parasitic capacitance of the input transistor, which 
increases the chip area. Distributed-LNAs shown in Fig. 2d, on the other hand could be 
another solution for wideband LNA, but due additive nature, gain of distributed-LNA 
is limited to 8–10 dB and large chip area is another major disadvantage of distributed-
LNA [12–14].

Common-gate LNA shown in Fig. 2e on the other hand provides a less complicated way 
to achieve constant ultra-wideband input match by providing 1/gm ≈ 50 ohms [15–17]. But 
noise figure of CG-LNA is higher than that of CS-LNA due to low power gain capability. 
This paper reports a common-gate low noise amplifier topology, cascaded to a cascoded 
common-source current-reused amplifier to design UWB LNA with flat and high power 
gain by boosting up the gain and with very small power consumption.

The rest of this paper is organized as follows: Section 2 describes the circuit of the pro-
posed LNA. Circuit analysis for the proposed LNA design is given in Sect. 3. Section 3.1 
describes the input matching analysis and frequency response analysis for S21, whereas 
Sect. 3.2 provides noise figure analysis for the proposed LNA design. Simulation results 

Fig. 2  Basic wide-band LNA topologies a Common Source with resistive termination, b Common Source 
with resistive feedback, c Common Source with inductive degeneration, d Distributed LNA, and e Common 
Gate LNA



 V. Singh et al.

1 3

for the proposed LNA design is shown in Sect. 4 with a table of comparison with existing 
LNA topologies. Finally conclusion is done in Sect. 5.

2  Proposed LNA design

Figure 3 shows the circuit diagram of the proposed LNA design. It consists of a common-
gate input stage followed by a cascoded common-source current-reused stage and an out-
put-matching circuit. The common-gate configuration at the input side has been utilized 
here due to its wide-band input-matching capability with 50 Ω antenna impedance. Con-
necting an inductor Ls1 at the source terminal of  M1 forms a parallel LC resonator with 
gate-source parasitic capacitance Cgs1 of  M1 as shown by the small signal model of the 
proposed LNA in Fig.  4a, which decides the Q-factor of the input common-gate stage. 
Parallel LC resonance circuit provides a low value of Q-factor under matching conditions 
i.e.,Qin,CG,matched = (�Cgs1Rs∕2) , which ensures a large input-matching bandwidth.

At the output of common-gate, the inductor Ld1 resonates in parallel with gate-drain par-
asitic capacitance Cgd1 of  M1 at 1/√(Ld1Cgd1). The capacitor C1 has been used as coupling 
capacitor. The inductor Lg2 forms a series LC tank with gate-source parasitic capacitance 
Cgs2 of  M2 resonating at 1/√(Lg2Cgs2). This forms a parallel to series LC matching network 
between common-gate and common-source stage. Conceptually, the band-pass filter’s fre-
quency response can easily be achieved from this parallel-series LC matching when both 
the parallel and series LC tanks resonates at the same resonance frequency and this could 
be achieved when Ld1Cgd1 = Lg2Cgs2. For analysis of the inter-stage matching network the 
conceptual diagram of the matching network is given in Fig. 4a. In this impedance  (Zp) of 
the parallel network can be expressed as

Assuming

(1)ZP =

(
1

Rout,CG

+ j�Cgd1 +
1

j�Ld1

)−1

= RP + jXP

Fig. 3  Circuit diagram of the proposed common gate UWB current reused LNA
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where �0 =
�√

Ld1Cgd1

�−1 and here + sign is considered for 𝜔 > 𝜔0 while − sign is consid-
ered for 𝜔 < 𝜔0.

Similarly, the impedance (ZS) of the series network can be expressed as

Assuming

where �0 =
�√

Lg2Cgs2

�−1 and here + sign is considered for 𝜔 > 𝜔0 while − sign is consid-
ered for 𝜔 < 𝜔0.

Case-I: When 𝜔 > 𝜔0 , after substituting (2) into  (1) and (4) into (3) we have

(2)�Cgd1 −
1

�Ld1
=

�2 − �2

0

�2

0
�Ld1

= ±KP

(3)ZS =

(
Rin,CS + j�Lg2 −

1

j�Cgs2

)
= RS + jXS

(4)�Lg2 −
1

�Cgs2

=
�2 − �2

0

�2

0
�Cgs2

= ±KS

Fig. 4  a Small-signal model of the proposed LNA showing parallel-series LC inter-stage matching between 
CG and the cascaded CS stage, b Frequency response for  S11 and  S21 of inter-stage matching network, with 
Rout,CG = Rin,CS = 50 Ω, Cgd1 = 0.22 pF, Ld1 = 5.2 nH, Lg2 = 2.0 nH, Cgs2 = 0.45 pF, c Frequency response for 
 S11 and  S21 with Rout,CG = 170 Ω, Rin,CS = 50 Ω
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By forcing RP = RS and XP = −XS at � = �H , we have

which mean that

On substituting the values of KP and KS in Eqs. (2) and (4), we have

Case-II: When 𝜔 < 𝜔0.
Similarly, Eqs. (1) and (3) becomes

By forcing RP = RS and XP = −XS at � = �L , we again obtained the same results of (7) 
and (8). For conjugate matching, �H and �L can be expressed in terms of KP and KS as 
given below

(5)ZP =
Rout,CG − jKPR

2

out,CG

1 + K2

P
R2

out,CG

(6)ZS = Rin,CS + jKS

(7)
Rout,CG

1 + K2

P
R2

out,CG

= Rin,CS or K2

P
=

Rout,CG − Rin,CS

R2

out,CG
Rin,CS

(8)
KPR

2

out,CG

1 + K2

P
R2

out,CG

= KS

(9)Rout,CG > Rin,CG

(10)KPRout,CGRin,CS = KS

(11)Ld1 = Rout,CGRin,GSCgs2

(12)ZP =
Rout,CG + jKPR

2

out,CG

1 + K2

P
R2

out,CG

(13)ZS = Rin,CS − jKS

(14)�H =
KP�

2

0
Ld1 +

(
K2

P
�4

0
L2
d1
+ 4�2

0

)1∕2
2

(15)
�H =

KS�
2

0
Cgs2 +

(
K2

S
�4

0
C2

gs2
+ 4�2

0

)1∕2

2

(16)�L =
−KP�

2

0
Ld1 +

(
K2

P
�4

0
L2
d1
+ 4�2

0

)1∕2
2
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In order to equalize Eqs. (14) and (15), Eqs. (10) and (11) must be satified and similary is 
the case for Eqs. (16) and (17).

With the presumption of conditions that the output resistance of CG (Rout,CG) and input 
resistance of CS stage (Rin,CS) is equal to 50 Ω, in a sample run of parallel-series LC match-
ing network it has been observed from Fig. 4b that the frequency response of S11 and S21 for 
parallel-series network shows a band-pass behavior. When Rout,CG deviates from 50 Ω then 
due to complex-conjugate resonance between parallel and series LC tanks, gain slightly 
decreases from center frequency with an increase in the bandwidth, as shown in Fig. 4c.

In the next stage, cascoded common-source current-reused topology has been used to 
achieve a very high gain with very low power consumption, which improves the overall 
noise figure of the proposed LNA design. The operation of current-reused structure can 
be explained using its DC and AC analysis. In DC-mode, inductor Ld3 and Ls3 behaves as 
short circuit and provides dc-biasing voltage to  M2 and  M3. In AC-mode, the capacitor C2 
behaves as short circuit and Ls3 resonates in parallel with gate-source parasitic capacitance 
(Cgs3) of  M3, whereas the capacitor C3 will behaves as a bypass capacitor at higher fre-
quencies of ultra wide-band. Inductor Ld3 on the other hand forms parallel LC tank with 
gate-drain parasitic capacitance Cgd3 of  M3. Table 1 provides the component values for the 
proposed LNA design.

3  Circuit analysis

3.1  Input matching analysis and frequency response of  S21

Figure 5a shows the small signal equivalent circuit common-gate stage with load imped-
ance Zload1(ω) connected at the drain of  M1. If Zx is the impedance looking into the source 
of the common-gate transistor  M1, then Zx(ω) can be expressed as

where, ZLoad1(ω) is the total load impedance connected at drain terminal of  M1 and is given 
by

(17)
�L =

−KS�
2

0
Cgs2 +

(
K2

S
�4

0
C2

gs2
+ 4�2

0

)1∕2

2

(18)Zx(�) =
ro1 + ZLoad1(�)

1 + gm1ro1

Table 1  Component values for 
the proposed LNA

Transistors No. of Fin-
ger × W(µm) × L(µm)

Inductance 
(nH)

Capacitance 
(pF)

Resistance 
(KΩ)

M1 50 × 50 × 0.09 Ls1 5.1 Cin 2.0 R1 5.0
M2 1 × 90 × 0.09 Ld1 8.5 C1 2.0 R2 0.2
M3 10 × 178 × 0.09 Lg2 5.6 C2 1.0

Ls3 0.36 C3 3.2
Ld3 4.0 C4 0.2
L2 0.9 C5 2.5
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If Zs1(�) is the impedance of the parallel combination of Ls1 and Cgs1, then Zs1(�) can 
be approximated as jXs1(�) . Therefore the input impedance of the proposed common-gate 
UWB LNA can be approximated as

In Eq. (20) the imaginary part is dominated by the term 1∕Xs1(�) because for the fre-
quency of interest, gm1.ro1,XLoad1(�) would be far less than r2

o1
+ X2

Load1
(�) . Further, 

gm1.X
2

Load1
(�) is very small as compared to the r2

o1
+ X2

Load1
(�) and this will results in a 

good wide-band input impedance matching by providing a relatively constant real part.
ie., 1/gm1. The gm1 of  M1 is set to a large value that results in less than 50 Ω because the 
amount less by 50 Ω will be contributed by the total load impedance connected to the drain 
of  M1. Simultaneously, the inductor Ls1 is set to 5.1  nH such that it resonates with the 
small valued Cgs1 near the center frequency of UWB. The input reflection coefficient is 
then approximated using the standard expression as [18]

(19)ZLoad1(�) = j�Ld1

‖‖‖‖‖
1

j�Cgd1

‖‖‖‖‖

(
1

j�C1

+ R1
‖‖
(
j�Lg2 +

1

j�Cgs2

))
≈ jXLoad1(�)

(20)

Zin(�) ==

[
1

Zs1(�)
+

1 + gm1ro1

ro1 + ZLoad1(�)

]−1

=

[
gm1 − j

1

Xs1(�)
+

1 − jgm1XLoad1(�)

ro1 + jXLoad1(�)

]−1

=

[(
gm1 −

gm1X
2

Load1
(�) − ro1

r2
o1
+ X2

Load1
(�)

)
−j

(
1

Xs1(�)
+

1 + gm1.ro1

r2
o1
+ X2

Load1
(�)

XLoad1(�)

)]−1

Fig. 5  Stage-wise small signal equivalent circuit of the proposed LNA design for input-matching and 
voltge-gain analysis



A Common-Gate Current-Reuse UWB LNA for Wireless Applications…

1 3

Since, in the proposed LNA design the current-reused stage has been used at the second 
stage and this stage has been used to improves overall performance of the LNA circuit in 
terms of its noise figure and power gain. For frequency response analysis of S21 the small 
signal model of each stage shown in Fig. 5 has been used. The frequency response of S21 
can be approximated by calculating the transfer function of the complete LNA design. Let 
AV1, AV2, AV3, AV4 and AV5 are the voltage gain of respective block shown in Fig. 5. Then the 
expression for the overall voltage gain (Av) can be expresses as

where, AV1 =
Vout1

Vin

 , AV2 =
Vout2

Vout1

 , AV3 =
Vout3

Vout2

 , AV4 =
Vout4

Vout3

 and AV5 =
Vout

Vout4

.
Applying network theorems we have

where, ZLoad2(�) = ro2
‖‖‖Zgs3(�) and Zgs3(�) = R2

‖‖‖‖
(

1

j�Cgs3

‖‖j�Ls3
)
.

The voltage gain Av4 is given by

where, ZLoad3(�) = ro3
‖‖‖‖
(

1

j�Cm3

‖‖j�Ld3
)‖‖‖‖

(
j�L2 +

1

j�C4

)
 and Cm3 is the miller capacitance 

at drain-ground terminal of  M3. Finally, Av5 can be expresses as

Therefore, the power gain (S21) of the proposed common-gate current reused UWB LNA 
can be expressed using the overall voltage gain Av as [18]

where Vs is the input signal source voltage and Vout is the respective output voltage.

3.2  Noise figure analysis

Noise figure of an LNA is the key parameter in deciding the performance of a UWB 
receiver. For calculating the noise-figure, small-signal noise equivalent model of the pro-
posed LNA is shown in Fig. 6. Three major noise sources have been considered here, the 

(21)S11 =
Zin(�) − Rs

Zin(�) + Rs

(22)AV =
Vout

Vin

= AV1 × AV2 × AV3 × AV4 × AV5

(23)AV1 =
(
1 + gm1ro1

)
∕

(
1 +

ro1

ZLoad1(�)

)

(24)AV2 = j�R1C1∕
((
1 − �2Lg2Cgs2

)
+ j�R1

(
Cgs2 + C1

(
1 − �2Lg2Cgs2

)))
,

(25)AV3 = −gm2ZLoad2(�)

(26)AV4 = −gm3ZLoad3(�)

(27)AV5 =
1

1 − �2L2C4

(28)S21 = 2.
Vout

Vs

≈ 2.
Zin(�)

Rs + Zin(�)
× AV
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thermal noise of antenna source resistance 
(
V2

n,Rs

)
 , gate induced noise 

(
i2
n,g1

, i2
n,g2

)
 and 

channel induced thermal noise 
(
i2
n,d1

, i2
n,d2

)
 due to  M1 and  M2 respectively, where 

V2

n,Rs
= 4kTRsΔf  , i2

n,g1
= 4kT�gg1Δf  , i2

n,d1
= 4kT�gd01Δf  , i2

n,g2
= 4kT�gg2Δf  and 

i2
n,d2

= 4kT�gd02Δf  , with k = Boltzmann constant, T = temperature in Kelvin, Δf = noise 
bandwidth and the equivalent gate conductances gg1 =

(
�2C2

gs1

)
∕
(
5gd01

)
 and 

gg2 =
(
�2C2

gs2

)
∕
(
5gd02

)
 , respectively.

Firstly, the output noise voltage due to each noise sources have been calculated here 
using the voltage gain relations as follows

then using the Eqs. (29)–(33), the noise figure can be approximated as

(29)

Vn,out,Rs =
ZLoad1(�)

(
1 + gm1ro1

)
(
ro1 + ZLoad1(�)

)(
1 +

Rs

Zs1(�)

)
+ Rs

(
1 + gm1ro1

) × Vn,Rs × AV2 × AV3 × AV4 × AV5

(30)

Vn,out,g1 =
ZLoad1(�)

(
1 + gm1ro1

)
Rs(

ro1 + ZLoad1(�)
)(

1 +
Rs

Zs1(�)

)
+ Rs

(
1 + gm1ro1

) × in,g1 × AV2 × AV3 × AV4 × AV5

(31)

Vn,out,d1 =
ro1ZLoad1(�)

(
1 +

Rs

Zs1(�)

)

(
ro1 + ZLoad1(�)

)(
1 +

Rs

Zs1(�)

)
+ Rs

(
1 + gm1ro1

) × in,d1 × AV2 × AV3 × AV4 × AV5

(32)Vn,out,g2 = −gm2Zin,m2(�)ZLoad3(�) × in,g2 × AV4 × AV5

(33)Vn,out,d2 = −ZLoad3(�) × in,d2 × AV4 × AV5

Fig. 6  Noise equivalent small signal model of the proposed LNA
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Equation (34) can further be approximated and re-written as

Equation (35) reveals that in order to decrease the noise figure for the entire frequency 
of interest, the large value of gm1 and gm2 are preferred with the condition that ||Zs1(�)||2 
should also be large.

4  Results and discussions

The proposed CG current-reused UWB LNA is designed and then simulated using Cadence 
Spectre-RF using standard 90 nm CMOS process. To achieve the desired performance, the 
LNA is firstly designed and simulated for low noise figure with acceptable power-gain and 
input-matching conditions, constrained by the power consumption for different values of 
width of  M1 and  M2. As observed from Eq. (35) gm1 should be large to reduce noise figure. 
So, W1 = 50 µm has been selected to cope-up NF with ultra wide-band input-matching and 
gain. Further, it has been observed from Eq.  (35), that the width of the transistor  M2 is 
selected in such a way that it satisfies both the power-gain and low noise figure. For this 
purpose the value of W2 was set to 90 µm. It has been observed from Fig. 7a–c that the S21, 
which directly proportional to gm1 was ranging from 19.2 to 20.8 dB and S11 < −10.6 dB for 
3.1–10.6 GHz, with NF was ranging from 2.3 to 3.7 dB for the frequency range of interest.

Using the small-signal model of output matching circuit shown in Fig. 5e, the output 
reflection coefficient can be estimated by calculating Zout(ω) for proposed LNA and can be 
expressed as

(34)

NF =
V2

n,out,Rs
+ V2

n,out,g1
+ V2

n,out,d1
+ V2

n,out,g2
+ V2

n,out,d2

V2

n,out,Rs

= 1 +
���2C2

gs1
Rs

5gm1
+

�gm1

�Rs

⎧⎪⎪⎨⎪⎪⎩

r2
o1

�
1 +

R2s

�Zs1(�)�2
�

�
1 + g2

m1
r2
o1

�

⎫⎪⎪⎬⎪⎪⎭

+
��

5gm2
�
1 + gm1ro1

�2
A2

V2

×

��
1 +

r2
o1

��ZLoad1(�)��2
��

1 +
R2
s

��Zs1(�)��2
�

+

�
R2
s

��Zs1(�)��2
��

1 + gm1ro1
�2
�

+
�gm1

��ZLoad3(�)��2
�Rs

⎧⎪⎨⎪⎩

�
ro1 + ZLoad1(�)

��
1 +

Rs

Zs1(�)

�
+ Rs

�
1 + gm1ro1

�

ZLoad1(�)
�
1 + gm1ro1

�
× A2

V2
× A2

V3

⎫⎪⎬⎪⎭

(35)

NF ≈ 1 +
���2C2

gs1
Rs

5gm1
+

�gm1

�Rs

×
r2
o1

(
1 + R2

s
1∕||Zs1(�)||2

)
(
1 + g2

m1
r2
o1

) +
��

5gm2
(
1 + gm1ro1

)2
A2

V2

(36)Zout(�) =
(
ro3||

(
1∕j�CM

)||j�Ld3 + j�L2
)||(1∕j�C4)
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where CM is the miller capacitance due to gate-drain parasitic capacitance of  M3.Therefore, 
 S22 can be expressed as [18].

The LNA achieves S22 less than − 6.2 dB with an excellent reverse isolation (S12) of less 
than − 53.8 dB throughout the complete ultra-wideband range as shown in Fig. 7d.

Another important performance parameter for LNA is linearity that is to be taken care 
at the time of LNA design because it defines the capability of handling the large input sig-
nals, as linearity of the LNA mainly survives due to the non-linear components presents in 
expression of transconductance (gm) of the transistor.

So further, the LNA was simulated to find analyze linearity in terms of 1-dB compression 
point (P1dB) and third order intercept point (IIP3). The simulated P1dB is − 17 dBm at which 
gain of the LNA reduces by 1-dB and the output power at P1dB was 1.3 dBm as shown in 
Fig. 8a–c, respectively. For IIP3, two tones test has been carried out with f1 = 5.995 GHz and 
f2 = 6.005 GHz with a frequency spacing of 10 MHz and centred at 6.0 GHz. Input power has 
been swept from − 60 to 0 dBm and extrapolating the fundamental and the third order signal 
response, it has been found that IIP3 was nearly − 8.0 dBm, as shown in Fig. 8d.

The inductors are the most area requirement components in the chip layout design for 
any LNA and they are the main key components in deciding the phase linearity of the LNA 

(37)S22 =
Zout(�) − Rs

Zout(�) + Rs

Fig. 7  Simulation results a S21 vs Frequency, b S11 vs Frequency, c NF vs Frequency and d S12 and S22 vs 
Frequency
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design. In order to achieve better phase linearity, the phase derivative of power-gain, also 
known as group delay of the LNA should be constant at all frequencies or there should be 
minimum variation in signal delay at different frequencies. The group delay of the proposed 
LNA is shown in Fig. 9a and it has been observed from the figure that for 3.1–10.6 GHz fre-
quency its minimum value was 102.2 psec at 6.5 GHz and maximum value was at 219.9 psec 
at 3.1 GHz with an average of ± 58 psec. However due the use of large sized inductors present 

Fig. 8  a 1-dB compression point (P1dB), b Gain vs. Input power, c Gain vs. Output power and d Third 
order intercept point (IIP3)

Fig. 9  a Group delay for the proposed LNA design and b stability factor (K) and delta (|Δ|) vs frequency
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in common- gate stage, the group delay of the proposed LNA is not constant, but still it is 
comparable with LNAs reported in [19–21], i.e., 190 ± 110 psec, ± 28 psec, and ± 115 psec, 
respectively.

Beyond the NF, S-parameters, and linearity, the designed LNA should also have uncon-
ditional stability throughout the frequency of interest. The stability of an LNA can analyzed 
using stability factor (K) and can be expressed [18]

The stability factor (K) was greater than 18.67 and delta was ranging from 0.04 to 0.21, 
as shown in Fig. 9b, which confirms the unconditional stability of the proposed LNA in 
3.1–10.6 GHz UWB frequency.

In order to analyze the effect of process and temperature variations on S11, S21 and NF, 
the designed LNA was simulated at nominal-nominal (NN), slow-slow (SS) and fast–fast 
(FF) process corner and different temperatures ranging from − 25 to 50  °C. It has been 
observed from Fig. 10 that, S11 was less than − 9.5 dB, S21 was greater than 13.5 dB and 
NF was less than 5.2 dB for all the given process corners. Simulation results for tempera-
ture variations on performance parameters is shown in Fig. 11 and it has observed that, S11, 
S21, and NF was ranging from − 21.67 to − 10 dB, 17.59 dB–22.73 dB and 2.17 dB–4.2 dB 
respectively for 3.1–10.6 GHz frequency range. The chip layout diagram of the proposed 
LNA is shown in Fig. 12. In chip layout, metal-1 layer having width and spacing of 5 µm 

(38)

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

||2
2||S12S21||

> 1 and |Δ| = ||S11S22 − S12S21
|| < 1

Fig. 10  Simulation results for process variations, a S11 vs Frequency, b S21 vs Frequency and c NF vs Fre-
quency

Fig. 11  Simulation results for temperature variations, a S11 vs Frequency, b S21 vs Frequency and c NF vs 
Frequency
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has been used for designing of all inductors. The Q-factor of inductors used was considered 
in the range of 0.8–1.2 to ensure wide-bandwidth. Capacitors have been designed using 
metal–insulator–metal (MIM) for which metal-2 and metal-3 layers have been consid-
ered and the biasing resistor R1 has been design n-diffusion layer to reduce overall chip 
area. The chip layout has dimension of 628.23 µm × 786.565 µm with an overall area of 
0.4941  mm2.

In order to evaluate and compare overall performance the proposed LNA with existing 
LNA circuits, a scalar quantity figure-of-merit (FOM) has been used. FOM can provide 
direct view regarding the quality of LNA designed because LNA described in different 
literatures have different circuits, bandwidth, noise figure and other related parameters. The 
figure-of-merit can be expressed as [4, 20–24]

where it includes absolute value of S21 (|S21|abs), 3-dB bandwidth in GHz (BWGHz), Noise 
factor (F) and power consumption (PmW). The FOM of LNA reported in this was 36 GHz/
mW which is better than the other reported LNAs in the literature. The performance of 
the proposed common gate, current-reused UWB LNA is compared with the previously 
reported LNAs, in Table 2, showing the advantages of the proposed LNA in terms of flat 
gain, low noise figure and low power consumption.

(40)FOM
[
GHz∕mW

]
=

||S21||abs × BWGHz

(F − 1) × PmW

Fig. 12  Chip layout of the proposed LNA design
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5  Conclusions

This paper presents a design of common-gate, low power, and low noise amplifier for wire-
less applications using 90 nm CMOS process. It utilizes common-gate at the input stage to 
achieve ultra-wideband input-matching and cascaded with common-source current-reused 
stage to achieve low noise figure throughout UWB. Due to the current-reused topology 
it achieves a high and flat S21 of 20 ± 0.8 dB, with a low noise figure of 2.3–3.7 dB for 
3.1–10.6 GHz frequency. The LNA has S11 less than − 10.6 dB for complete UWB range 
and achieves input 1-dB compression point of − 17 dBm at 6 GHz and input third order 
intercept point of − 8 dBm, while dissipating 5.05 mW of power from a 0.7 V supply. This 
proves the proposed LNA design as a good solution for the UWB wireless applications.
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