Majlesi Journal of Electrical Engineering Vol. 11, No. 2, June 2017

A High-Gain, Low-Noise 3.1-10.6 GHz Ultra-Wideband LNA
ina 0.18um CMOS

Behnam Babazadeh Daryan®, Hamid Nooralizadeh®*
1- Department of Electrical Engineering, Islamshahr Branch, Islamic Azad University, Islamshahr, Iran
2- Department of Electrical Engineering, Islamshahr Branch, Islamic Azad University, Islamshahr, Iran
E-mail: nooralizadeh@iiau.ac.ir; h_n_alizadeh@yahoo.com (Corresponding author)

Received: August 2016 Revised: January 2017 Accepted: March 2017

ABSTRACT

An ultra-wideband (UWB) common gate-common source (CG-CS) low-noise amplifier (LNA) in a 0.18um CMOS
technology is presented in this paper. A capacitive cross-coupling fully differential amplifier with the current-reuse
technique is described that in the entire 3.1-10.6 GHz UWB band, achieves a high and flat power gain with low noise
and good input impedance matching among low power consumption. The current—reuse technique is used to achieve a
wideband and reduce the power consumption. The capacitor cross coupling technique is used to gy,-boosting and hence
to improve the NF of the amplifier. Therefore, the dependency between noise figure (NF) and input impedance
matching is reduced. The proposed CG-CS amplifier has a fairly low NF compared with the other previous works in
similar technology. In addition, a good power gain over all bandwidth and a high isolation with good input/output
impedance matching are achieved. The minimum NF is 1.8 dB, the maximum power gain is 14.2 dB, the inverse gain
is <-50 dB, and in the entire 3.1-10.6 GHz UWB band, the input and output matching S;; and S,, are < -10.3 dB and
<-11.3 dB, respectively. The input third-order intercept point (11P3) is -5 dBm. Moreover, the power consumption of
the core is 10.1 mW with the supply voltage of 1.8 V.

KEYWORDS: LNA; UWB, CMOS Technology, Current-reuse Technique, Capacitive Cross-coupling Technique,

CG-CS Amplifier.

1. INTRODUCTION

As the first stage of a receiver, low-noise amplifiers
(LNAS) play a critical role in the overall performance
of the system. The use of ultra-wideband (UWB)
frequency range (3.1-10.6GHz) for commercial
applications was approved in 2002 by the Federal
Communications Commission [1]. The UWB technique
provides high data-rate transmission and reduces the
power consumption. An UWB LNA must exhibit a flat
power gain over the entire UWB bandwidth and have a
broadband input matching, a low noise figure (NF), and
a high linearity while consuming a little power [2].

In modern wireless products, CMOS technology
benefits are low cost, high level of integration, and low
power consumption. There are many research works
related to UWB LNA design with new structures and
design techniques [3], [4]. The distributed amplifier of
[4] provides good properties, but the cost is consuming
large power. In multistage LNAs, there are multiple DC
bias paths, which result in a large total power
consumption [5]. A CMOS UWB LNA employing the
noise-canceling technique is reported in [6]. However,
the gain performance of such a configuration is often
less superior [7]. The resistive shunt feedback

amplifiers provide wideband input matching.
Nevertheless, resistive feedback amplifiers cannot
provide required performance with low power
consumption [8].

To realize low power, common gate-common
source (CG-CS) and CS-CS current-reuse structures
are generally adopted which high gain also can be
achieved [9-12]. Compared with the narrowband LNA
designs, a severe tradeoff between NF and source
impedance matching exists in a wideband LNA. To
design a fully differential capacitive cross-coupling CG
LNA in [13], a g, —boosted technique is used and a low
NF and high linearity along with a good input matching
is achieved. The capacitor cross-coupled CG-LNA
reduces the NF and the power consumption by a factor
of two [14]. The cross-coupling techniques trade the
power consumption and linearity to improve the
amplifier noise and gain values. Nevertheless, the
circuit needs to use a balun because of its differential
input.

In order to do the noise-cancellation, the wideband
Balun CS- LNA in [15] converts the single-ended input
to differential signal at the output and can also be used
as an active balun in the receiver. This amplifier with
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active feedback and differential output cancels the
nonlinearity of the feedback transistor and hence
achieves better linearity in compare to the single-ended
amplifier. The proposed method of [16] relaxes the
trade-off between linearity and noise performance in
LNAs with an active balun.

In this paper, a fully differential CG-CS LNA is
proposed for using in UWB receivers. We have
combined current—reuse and gn-boosting techniques. In
order to gn-boosting, the capacitor cross coupling
technique is used in this work. As a result, the
dependency between NF and input impedance
matching is reduced. Moreover, a good power gain
over all bandwidth and a high isolation with good
input/output impedance matching are achieved. The
proposed LNA has a relatively low NF compared with
the other LNAs.

In Section 2, the proposed CG-CS LNA is
described. First, the CS-CG amplifier with the current-
reuse technique is briefly studied. Then, the design
concepts such as bandwidth extension, input/output
impedance matching, and noise performance are
analyzed. In Section 3, the simulation results obtained
from the proposed fully differential CG-CS LNA are
presented. This paper is concluded in Section 4.

2. PROPOSED CG-CS LNA
2.1. CG-CS with the current—reuse technique

Compared with CS LNA, the CG amplifier offers
an appropriate impedance matching in its input. The
CG stage is well-known for a wideband input
impedance matching of R;,=1/g,, where g, is the trans
conductance of the transistor. However, the amplifier
suffers from poorer noise performance and the
minimum available NF in the basic CG LNA of Fig. 1a
is 1+ (y/a) [17]. For CG LNA, NF is approximately
independent of frequency and bandwidth [18]. On the
other hand, NF in CG is inversely proportional to g,
however, we have restricted to increase g, because of
obtaining a proper input impedance matching.

The main problem of the CS architecture is the
narrowband input impedance matching, which makes it
difficult to achieve a broadband input impedance
matching in the presence of parasitic capacitors. In [11,
19], some useful techniques are studied applying to the
cascode CS topology.

In the LNA design for UWB receivers, the two
stage CG-CS topologies are used widely in the
literatures [9, 10]. Fig. 1b shows a two-stage CG-CS
LNA. The CG, cascaded to CS topology, provides a
current-reuse technique. The current-reuse technique
reduces the power consumption [10, 11]. Broadband
impedance matching is obtained by using CG at the
first stage. Furthermore, the current-reuse technique has
stagger tuning characteristics and is used to achieve the
broadband operation as shown in Fig. 1c. The first
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stage resonates at low-frequency f., and the second
stage resonates at high-frequency fy. Hence, a flat gain
in the wide frequency range can be achieved [11], [12].

2.1.1. Low-band resonant frequency of the first inter-
stage fi

The first stage with parasitic capacitances of the
output is shown in Fig. 2a. The low-band resonant
frequency, f,, is determined by the RLC elements, C,,
C,, Ly, and R;. C;y, is the total capacitance at the input
of M,, and Cy; is the parasitic capacitance at the drain
of M;. Neglecting the parasitic capacitances, the output
impedance of the first stage can be calculated as:

1 1)
ZTL(S)_|:[Y2+SCZJ(Y3+R1):1+Y1
Where
Yl:slel Y, = sL, Y, = Z, 2
ZZ ngZZ ngZZ
And
1 1
Zimgor ZamZirg sl ®)

Om2 is the transconductance of M,. The output
impedance of the first stage is reduced as follows:

ZTL(S)ELG) (4)
D, (s)
D, (5)=K (s)A(s) ®)
Where
K(S):Szgm2C1L1+SC1+gm2 (6)
And
A(s) :S3R1Clczgm2|‘1 +SZC1[R1C2 +(@+C,0,,)
x(L, +L,)]+sC,(R,+C,)+C,0,,+1 7

The third-order frequency-dependent function of (7)
in the denominator of Zy_ (s) will not affect the low-
band resonant frequency (f.) because the poles of Zy_
(s), determined by A(s), are located at the infinite of the
frequency spectrum. The voltage gain of the first stage
is calculated as

Va1 __ Om 8
L) == e 2 (9) ®)

Where R, is the source impedance and g is the

transconductance of M. Thus, f_ is derived as follows:

f o= 11 ©)
L
27\ LC,

It is seen that the low-band resonant frequency can
be determined by adjusting C; and L;.
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Fig. 1. () The basic CG LNA stage (_b) The final schematic of the CG-CS amplifier with current-reuse technique
and output buffer (c) Ilustration of full-band frequency response of the stagger tuning technique

2.1.2. High-band resonant frequency of the second inter-
stage fy
High resonance frequency of the band, fy, is
determined by L, and the parasitic capacitance at the
drain of M,. The schematic of the second stage and its
equivalent small signal circuit is shown in Fig. 2b. The
high-band resonant frequency, fy, is derived as follows
[9]:
1 1

- (10)
"o2r\ LG,

According to (10), f4 can be tuned by L,.

2.2. Noise analysis and g-boosting

Although the CG topology provides broadband
matching, the NF is not favorable and the noise
performance of the CG LNA is strongly dependent on
its input matching network. According to the noise
analysis, the NF can be given by [9], [13]:

F zl+(M]
gml

Where y is the coefficient of the channel thermal
noise and g4 is the zero-bias drain conductance.
Impedance matching with gy;1.R=1 imposes a condition
that prevents the increase in gy, to reduce NF. In order
to reduce dependency between NF and impedance
matching as shown in Fig. 2c, a negative feedback path
with an inverting amplification can be inserted between
the source and gate terminals to effectively increase the
transistor transconductance [13], [14]. The NF now
becomes

(11)

Y0¥ 4 1 (12)
F VS TR L[V, (P
9., —boosting a (1+ Aneg )

m eff

Where o = g1 /dgo- It indicates that this technique
reduces the channel noise by a factor (1+Ane) under
input impedance matching conditions. Of course, this

analysis is based on the assumption that amplification
stage does not contribute significant noise.

Inverting amplification (Aneg) in the gn-boosting CG
LNA can be implemented in various ways. Using
passive elements occupies less space and does not add
noise to the circuit. Hence, to boost gy, in this work, the
capacitive cross-coupling technique is used in the
differential CG LNA (Fig. 2d).

By choosing a proper value for C, Aney maxes out
to 1 [14]. This technique significantly reduces the noise
of input transistors and improves the overall NF.
Comparing the NF before and after gy-boosting
technique results in:

N~

(13)

7.
Fgm—boosting -1 _a _ 1
F_1 7 2

o

2.3. Input impedance matching

The proposed capacitive cross-coupling differential
CG-CS LNA with the current-reuse technique is shown
in Fig. 3. The parasitic capacitance (C,,r) of the source
terminal in M; (Ms) and Ls; (Lsp) provide 50 Q
impedance matching. According to Fig. 1a, Cpq
includes the source-body and source-gate capacitance
of M; (or Ms). Using this figure, the input impedance
can be calculated as follows:

s 2 2]
SC par Gm Jeff rdsl

Where rq; is the resistance between drain and
source of My and Z;.(s) is the load impedance at the
drain of M. In frequencies far from the input resonant
frequency, the impedance of (USCpgr)|SLs s

z in (S ) = (14)

relatively large and can be ignored. Then, the input
impedance of (14) reduces to:
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1 |:1+ Zn (”}J
Gm,eff rdsl

Over a wide frequency range in the CG stage, the
impedance Zr.(s) is smaller than ry;. Thus, the input
impedance matching of 50 Q can be achieved under

Z,,(s) z( (15)

Vol. 11, No. 2, June 2017

Gmert =20m and to ensure that 1/2g,=50Q the bias
current and the size of the transistors M; and Ms can be
adjusted by using less power consumption. The source
followers are added as buffers by inserting transistors
M, and Mg that are cascaded to the second stage.

M2 My

C¢ Cc
Vi Vi

Ls Lsi Ls2

(d)

Fig. 2. (a) Schematic of the first stage and its equivalent small signal (b) Schematic of the second stage and its
equivalent small signal (c) CG LNA stage with g,-boosting feedback amplifier (d) Capacitive cross-coupling
technique in a differential CG LNA.
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Fig. 3. Schematic of the proposed LNA

3. SIMULATION RESULTS

The proposed fully differential CG-CS amplifier
with the current-reuse and g,-boosting techniques (Fig.
3) is designed and simulated using ADS in TSMC 0.18
pum CMOS RF technology. The amplifier and the
output buffers consume 5.6 mA and 5 mA froma 1.8 V
DC supply, respectively. Then, the core power
consumption is 10.1 mW and the buffer power
consumption is 9 mW. As amplifier is fully differential
and symmetric, the instance parameters are shown only
for one side of the circuit in Table 1. According to Fig.
4, a minimum NF of 1.8 dB is achieved at frequency 5

GHz where the NF is 1.8-3.3 dB in the whole 3.1-10.6
GHz UWB band. The input and output return losses are
<-10.3 dB and <-11.3 dB, respectively. Fig. 5 shows a
flat small signal gain in the entire 3.1-10.6 GHz UWB
band with a maximum gain of 14.2 dB. Over the entire
7.5 GHz bandwidth, the isolation (Sy,) is <-50 dB. Fig.
6 indicates an input third-order intercept point (11P3) of
-5.0 dBm applying two tones with a 100 MHz spacing
at 5.0 GHz RF signals.

In Table 2, we summarized the simulation results of
this work. The results are also compared with those of
some other reported LNAs using similar technology. It
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is seen that the proposed LNA has good performance
comparing with the other previous works and it
outperforms most of them, especially, in NF and power
gain.

4. CONCLUSION

In this paper, a fully differential LNA for UWB
application is designed with CG-CS topology. The
current—reuse technique is used to achieve a wideband
and to reduce the power consumption of the core to
10.1 mW. Moreover, the g,-boosting technique is
employed to improve the NF of the amplifier, 1.8-3.3
dB in the whole 3.1-10.6 GHz UWB band, and this
technique is implemented by using the capacitive cross-
coupling scheme. Compared with the other previous
works in similar technology, the proposed LNA has a
lower NF and consumes reasonable power.
Furthermore, a flat and high power gain is obtained in
this work. Across the UWB frequency band, the power
gain of 12.4-14.2 dB is achieved. In addition, over the
entire 7.5 GHz bandwidth, the input and output
matching, Si; and S,,, and the isolation, S;,, are <-10.3
dB and <-11.3 dB, and <-50 dB, respectively.

Table 1. Summary of the instance parameters

[}

M, 81/0.18 C,| 16 L, 9 Ry 5
(um/ pum) pF nH kQ
M, 82/0.18 C, 7 L, 12 | R; 5
(um/ pm) pF nH kQ
M; 44/0.18 C.| 4PF | Lg; | 0.9 | Ry 5
(um/ pm) nH kQ
M, | 114/018 |[Cs| 7 | Va | 1.8
(M pm) pF \Y%
;"9 3.100 GH an1o 5,000 GHz| |Mm8
req=3. z| | Freq=5. z
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m6
Freq=3.100 GHz
§22 [dB]=-15.606

m7
Freq=10.60 GHz
$22 [dB]=-11.352
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m4
Freq=3.100 GHz
S$11 [dB]=-10.918

m5
Freq=10.60 GHz
511 [dB]=-10.319

Frequency [GHz]

(c)

Fig. 4. () Simulated results of NF versus frequency

(m9, m8 and m10 show NFs of 3.1 GHz, 10.6 GHz and
minimum NF frequencies, respectively) (b) Simulated
results of output return loss versus frequency (m6é and
m7 for 3.1 GHz and 10.6 GHz) (c) Simulated results of

input return loss versus frequency (m4 and m5 for 3.1
GHz and 10.6 GHz)
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m3
Freq=10.60 GHz
$12 [dB]=-49.507
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Fig. 5. Simulated results of (a) small-signal power

gain (b) inverse gain.
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Table 2. Performance summary and comparison

BW Gain NF Su 1P, | VDD Pec o
References Technology [GHz] [dB] [dB] @8] | [@em | ™ [mw] [dB]
This Work 0.18um CMOS 31-106 | 124-142 | 18-33 | <-103 | 5 18 | 10.1(Core) | <50
B 0.18pm CMOS 34-11 5152 | 43-55 | <12 | 53 | 18 30 <65
] 0.18pm CMOS 31-106 | 122-13 | 28-52 | <135 | 223 | 15 | 45(Core) | <43
18] 0.18um CMOS 31-106 | 5-132 | 45.62 | <92 | —14 | 18 23 -
[13] 0.18um CMOS 2-14 9-103 | 27-62 | <-10 3 15 9 <60
1] 0.18um CMOS 31-106 | 10-1.7 | 29-36 | <10 | —104 | 11 10 <30
[12] 0.18um CMOS 31-106 10-12 20-54 | <103 | 46 | 18 15.2 <20
7 0.13um CMOS 2-96 8_12 286-35 | <9 72 | 15 19 -
[10] 0.13pm CMOS 23-93 9-103 366 <8 o 13 10 <8
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