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A novel CMOS wideband low-noise amplifier (LNA) with a new architecture of high gain, low NF and low power-
consumption is proposed. This architecture consists of two non-uniform stages. In order to achieve high power gain
(S21) and low power consumption, a current reused with resistive feedback based on an inverter-type amplifier is
utilized at the first stage. The second stage of this circuit is used to increase the bandwidth and power gain. Simulation
results show that the proposed LNA achieves a power gain between 19+.3 dB. The input return loss (s1;) and output
return loss (s,,) are better than -10 dB. The noise figure (NF) of the proposed LNA is between 2~3.6 dB and reverse
gain (Sy,) is below -30 dB for 3.1~10.6 GHz bandwidth. The input third-order intercept point (I1IP3) and power
consumption of the proposed LNA are -5 dBm and 13.6 mW, respectively.
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1. INTRODUCTION

Nowadays due to increasing demand of globally spread
users for high speed information transmission
technology, RF circuit designers tend to offer wideband
transceivers. LNA, which is used at the first stage of
the receiver, after antenna, plays an important role in
receiving signal, amplifying it while reducing its
undesirable noise. Design of a wideband LNA is one of
the challenges in RF circuits because it must have
proper input and output matching, low noise, high gain
and low power consumption across a wide frequency
bandwidth.

Numerous wideband LNAs have been designed for
good performance [1], [2], [8] with advanced
technology based on the complementary metal-oxide
semiconductor (CMOS)

The LNA with two stages is designed in [1] which has
used current reused technique at the first stage and
cascode structure at the second stage. Although the
proposed LNA has low power consumption (pp) of 7.2

mW and flat power gain (S21) of 11+1.5 dB, But its
noise figure (NF) of 5+2 dB is not acceptable. Authors
in [3] proposed a LNA with two stages which uses
wideband dual-RLC-branch input matching network.

This circuit has reasonable NF and S,;, but using five
inductors occupies large chip area. Two inductors less
wideband LNA with noise canceling tegnique was
proposed in [4]. By employing inductor scheme, the
chip area decreased, but low power gain is a drawback
for this topology.

Moreover, reference [5] has proposed a two-stage ultra
wideband LNA combining the common source and
common gate configuration that occupies small chip
area, But its NF of 4.4~6.5 dB, power gain of 10.9+1.5
dB and power consumption of 12 mW are not
convenient.

The LNA bandwidth is limited by the parasitic
capacitances of devices. For increasing the bandwidth,
two methods are often used: the inductive peaking
techniques [6] and the distributed Amplifier (DA)
topology [7], [8]. Although, DAs improve the power
gain and extend the bandwidth at higher frequencies,
the power consumption of these circuits is high and
also they occupy large chip area. Contrastingly, in
inductive peaking techniques, inductors are employed
as few as possible because they occupy most area of the
chip. To reduce LNA, self-forward body bias and
forward combining techniques are proposed in [8]. In
the present study, a high-gain and low-power-
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consuming circuit is proposed which functions
conveniently in NF terms.

In section II, we analyze the proposed circuit. In
section Ill, we present the results associated to the
proposed LNA using ADS software. A conclusion will
follow the results and findings of this simulation.

2. CIRCUIT DESIGN AND ANALYSIS

The schematic of the proposed LNA is illustrated in
Fig. 1. As is seen from this figure, it is composed of
two stages. The analysis of these stages is discussed as
follows:
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Fig. 1. Schematic Dlagram of the proposed CMOS
LNA

2.1. First stage

In the first stage, a stacking NMOS and PMOS current
reused topology with resistive feedback is employed.
Because of reusing the DC current of M, by My, no
additional driving currents are needed for M;. Hence,
the power consumption of this topology is low. To bias
the first stage and improve the bandwidth and linearity,
the resistive feedback R; is employed [8]:

The first stage power gain can be derived as follows:

Vo, 1 Rl(gml+gm2)+SZL1Cgsl(1_gm2R1) 1)

A=y s SUL, 41 R,
rol I‘02"2 in2

in 1Y g51

Where ro; and ry, are the output resistances, gm; and
gm, are the Trans-conductance, Cg; and Cgp are the
gate-source parasitic capacitance of M; and M,
MOSFETs, respectively. Z;,, is the input impedance of
the second stage. Based on equation (1), the first stage
obtain high power gain because of including (gmi+0mz2)
term in the power gain equation. Due to the high power
gain of the first stage, the second stage noise is
negligible.

The input impedance of the amplifier is derived as

52

Vol. 5, No. 2, June 2016

follows:
Z “ 01" 2||Z|n2 2)
in1 =
50952 SCgsl 14(g,,+ 7 J )01 hel22)
$°LCy t1

Good input impedance matching is achievable by
calculating the optimal value of Zj,, L;, R;, DC bias
current and transistors sizes. The inductor L; in the gate
of the NMOS transistor extends the 3-dB bandwidth
and improves flatness of the power gain. Putting L; in
series with Cg; move the frequency pole to higher
frequency. Therefore the bandwidth is increased.

S,; of the amplifier can be obtained as follows:

s zVOUT ~ 1
TV, 148’ Cy,

in

1_R (gml+gm2)+s Lgngsz(l_gmlR )

1+SR, (C s +Cyy)
1+s°L,,Cy,
1_R2(gm3+gm4)+SZLg2Cgs4(l_gm3R2) -
1+R, /R,
RlRZ(gml+gm2)(gm3+gm4) (3b)
1+R, /R,
The noise factor of the amplifier is given by [5], [6]:
~ Rg adN *C?2 gsi B
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where:
Wo.m = LR TR, (4b)
Lgl(Cgsz+CgisS /Rl)
R R
\/Lgl(cgsz +Cgis78)(1+R75)
1 1
Qun = 3 (4c)
(5 +Cg2Rs)
Rl gs2' 'S
W, = l+(gml+gm2)RS (4d)
Y Lgl(Cgsz +Cgsl(gm1+gm2)Rs)

ern =

JEn €, +C (0, 9,0 R)A+ (@, +0,,)R, ) (4)
L,,A+@,,*9,,)+R.C,

Values of L; and R; created trade-off between
bandwidth and NF.

2

2.2. Second stage

Re-consumption of current forms the core of the second
stage in which a self-bias resistant feedback plan has
been implemented to set up the transistor.

As is shown in figure 1, in order to improve the power
gain, bandwidth and linearity of the common source
stage with self-biasing, the resistive feedback (Rj) is
employed in the second stage. Also the shunt peaking
inductor is used in the output drain. The inductor which
is placed in the gate of NMOS Transistor serves the
purpose of increasing bandwidth, impedance matching
and improving the flatness of the circuit gain.

The second stage power gain can be obtained as
follows:

(R +SL,)(1-9,,R,)

r,R
A, =2

AS?+BS +C (5)
Where:
A :LZLS(ro3+R2) (6)
B= LsRL (r03+R2)+L2(RL +R3)(I'03+ Rz)""—st B 7)
C=(r4+R,)R R+ (R, +R,)R, I, ®)

The equation (6) shows that L; leads to extend the
bandwidth and reach to good power gain in high
frequencies. The inductor L, improves the output return
loss (S;), third-order input intercept point (11P3) and
gain flatness at high frequencies. To achieve better S,,,
the size of M5 should be optimized. As is deduced from
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equations (7) and (8), the shunt peaking inductor moves
the pole frequency to higher frequencies. To decrease
loading effect and improve wideband output matching
the resistance R, should be selected high. By choosing
suitable values for Rs and Ls, the bad effect of output
parasitic capacitance at the high frequencies can be
decreased.

As A, indicates, the gain of second floor stands to high
values due to inductor L.

The second stage input impedance (Z;,) is calculated
as follows:

1 | R, +1,]SL+ (R, +SL)[R,
" SCea 1+ Gys | s |SL, + (R, +SL)[R, |

By calculating optimal value of Z;,,, good impedance
matching is achievable. To improve power gain at low
frequencies and also to achieve flat and high gain
across the bandwidth, the Value of R3 should be chosen
low. The resistive feedback which is used for self
biasing, provides the bias voltage for drain of Ms. The
bias voltage of transistors and their sizes were
optimized to reach appropriate input impedance.

To achieve appropriate bandwidth, the inductor Lz was
placed into the gate of M3 In order to reduce parasitic
impact of capacitor at high frequencies.

To reduce power consumption, A compromise must be
made between circuit gain and power supply voltage.

)

3. RESULTS

The proposed circuit has been designed and simulated
based on 0.13um CMOS technology. Moreover, in the
preset circuit, inductors are considered de-idealized;
therefore, for each inductor, depending on specific
quality index, a level of resistance is defined. The
proposed circuit was simulated by ADS software.

As is shown in Fig. 1, using current reused and
common source topology leads to high power gain that
is between 19+.3 dB. Also, the power gain tolerance
across the bandwidth is low. My, M,, M3 and M, sizes
are set to W;=220 um, W,=100 um W,=78um and
W,=400 pum, respectively.

In the first stage, 6.17 mA current is drawn from 1.25V
supply voltage. In the second stage, 4.46 mA current is
drawn from the 1.28V supply voltage. Thus power
consumption of the proposed LNA is low and equal to
13.7 mWw.

Fig. 2 and Fig. 3 show the simulated results for S|
and 1S,;1 versus frequency, respectively. The proposed
LNA achieves 1Sy;1 of -12 dB for frequency band 1~11
GHz, and 1Sy is better than -10 dB for frequencies
lower than 12 GHz.

53



Majlesi Journal of Telecommunication Devices

0

-10

-15

dB(S(1,1)

-20

MENENENE AN S ENEEN AR BT ATRT N R

'25Y‘Y[T‘Y

freq, GHz

Fig. 2. Magnitude of S;; of the proposed CMOS LNA
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Fig. 3. Gain (S,;) Response of the proposed CMOS
LNA

Figure 4 and figure 5 show the simulated values for
IS2| and IS, versus frequency. The Sy, and 1S,| are
respectively better than -11.4 dB and -33 dB across the
Bandwidth.
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Fig. 4.magnitude of S,, of the Proposed Circuit
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Fig. 5. Magnitude of S,, of the proposed CMOS LNA

Fig.6 clearly shows that the designed LNA achieves a
noise characteristic below 2.3 dB from 1 to 12 GHz
which is a good candidate for wideband low noise
application.
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Fig. 6. Simulated values of NF of the proposed circuit
versus Frequency

The stability of a LNA is an important requirement.
The stability factor (k) is a popular measure of circuit
stability [9]. If k>1 and |AI<1, the amplifier is
unconditioally stable meaning the LNA will be stable
under any load condition. The appropriate values of k
and 1A are obtaind as follows [10]:

As can be seen in figure 7, the k factor of the proposed
LNA (stability factor) is more than 2. Thus, circuit
stability is satisfactory across bandwidth.

_ LS| +[Sz0| +[81%S2 =81 xS
2[81, %S (10)

|A| =[Sy xS, =S, xS, <1 (11)
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Fig. 7. Simulated values of k-factor of the Proposed
Circuit

Figure 8 shows the simulated values of 1Al in a wide
frequency range.As is seen from this figure, A satisfied
the condition [12].
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Fig. 8. Simulated values of Delta of the Proposed LNA

Figure 9. shows the IIP3 for the proposed LNA. The
11P3 for this design is -8.5 dBm.
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Fig. 9. Simulated values of 11P3 of the Proposed LNA
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In Table I. we Compare the proposed LNA and other
works.

Table 1. Comparison between the proposed LNA and
other works

Ref BW Suse Gai NF 1IP3 | Pp | Tec
2 n h

[9] 2.6- <-9 11+ 5+2 NA 7. 90n
10.2 1.5 2 m

[10] 0-10 <-10 | 9+1. | 3+3 | -35 | 13 | 65u
5 N m

[11] 1.5- <- 11+ | 43+ | -36 | 7 | .18u
11.9 10.6 47 57 m

[12] | 1-125 | <- | 137 | 23+ | -2 | 18 | .18u
10.7 | #15 1 m

[13] 1.5- <- |12+ | 4x5 | -12 | 10 | .13p
11.7 8.6 63 .3 m

[14] 7-10 | <-10 | 14 | 28+ | - | 23 | .13u
1.6 3 115 m

[15] 3.1- <- | 11 | 32+ | -38 [ 14 | .13u
10.6 7.3 14 5 4 m

This 3.1- <-10 | 19+. | 2-36 -5 13 | 0.13
work 10.6 3 .6 7]
m

As we know, achieving a high power gain in LNAs
leads to high power consumption. But our proposed
LNA architecture allows us to have high power gain
and low power consumption, simultaneously.

4. CONCLUSION

We designed low noise amplifier using 0.13um CMOS
technology. The results show that the proposed LNA
has good performance for wideband systems. In
comparison with other works which used more than six
inductors and occupied large area on chip, proposed
LNA employes five inductors causing small area on
chip. Simulation results prove that the proposed LNA
achieves good power gain, low power consumption and
low NF in a wide frequency range.
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