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Design of 3.1-10.6 GHz CMOS UWB LNA
Using Current Reuse Technique

Kusuma M.S.*

Abstract— A wideband Low Noise Amplifier (LNA) for Ultra-
Wide Band (UWB) applications based on current reuse technique
is proposed. The noise from the matching device is greatly
suppressed over the desired UWB band by using the proposed
circuit and design methodology. The wideband input matching is
achieved by the combination of degenerative parallel LC circuit
and resistive feedback in shunt-shunt connection. The cascaded LC
technique is used to achieve the output matching. Simulated in 90
nm BSIM3 CMOS process, the LNA achieves peak power gain
(S,1) of 18.621 dB at 4 GHz and high-flat gain of 18.0 £ 0.5 dB in
3.1to 10.6 GHz frequency range. The flat-low noise figure of 2.6 £
0.2 dB is attained in UWB frequency of interest. The input return
loss (Sy4) is less than -13 dB at 8 GHz and less than -10 dB in (5-
11) GHz. The output return loss (S,,) is less than -6 dB in the band
of interest. The reverse isolation (S;,) is lower than -25 dB. The
1IP3 is obtained as -7 dBm. The Gain ripple of 1.57 dB is achieved
through the entire band. The proposed LNA draws 11 mW power
from 1.0 V supply.

Keywords— Cascaded LC technique, Current reuse, Low
Noise Amplifier (LNA), Resistive feedback, Ultra-Wideband
(UWB).

I. INTRODUCTION

FICs design makes use of CMQOS technology and is

tremendously growing to compete with its cost
management and integrating on Silicon on Chip (SoC)
design.  For Ultra-Wideband (UWB) applications, the
frequency spectrum lies between 3.1GHz to 10.6 GHz
which is declared by Federal Communications Commission
(FCC). UWB systems include wireless sensor networks,
medical imaging along with monitoring devices and ground
penetrating radars. The integral part of the Radio Frequency
(RF) receiver front-end block is the Low Noise Amplifier
(LNA). It has a considerable significance as it gets the poor
radio signals from the entire UWB range of frequencies and
strengthen them with a good SNR. Of late, various UWB
LNAs such as Common Source (CS), Common Gate (CG),
cascade, cascode etc., have been represented [1]-[18]. For
low dc power (Ppc) consumption and broad gain, Current
Reuse (CR) technique is preferred [7], [9]-[12], [18], [19].
Broad band input matching which is a desired requirement is
achieved in dual RLC branch [6], [16], which also performs
low Noise Figure (NF).
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To limit output matching and wideband, cascode [1], [3],
[13], [14] and cascade [15] techniques are preferred. CG
presented in [17] and CG-CR are preferred for low Ppc [8].
Narendra Nath Ghosh et al., [18] presented differential LNA
for radio applications between 0.2-3.2 GHz band.

Wei-Wei Chen et al., [19] proposed CR negative shunt
feedback method to provide additional design freedom to
lower the Ppc of the trans-conductance (gn)-boost CG LNA.
However, some drawbacks are present among these UWB
LNAs, for example, conventional distributed LNAs suffer
from high Ppc. Wideband of LNA circuitry is achieved by
adopting Resistive Feedback (RFB) at the cost of moderate
gain and noise requirements. The noise performance of low
power shunt-feedback LNA, degrades due to the low
intrinsic g, of MOS transistors. The LNAs with the above
mentioned frequency range is expected to have better gain,
less input return loss, favourable linearity and impedance
matching at the circuit output [4]. Besides, an acceptable
linearity of LNA is required in UWB RF systems to
preserve the state of the pulse [5].

The UWB LNAs with CR technology are thoroughly
examined due to their less Ppc, flat and high power gain,
enhanced SNR, good reverse isolation and satisfactory
output impedance matching [6]. In this present work, the
authors propose a design model for low power consumption,
less noise and an amplifier operating in wideband is
achieved by integrating a narrowband LNA along with the
shunt-shunt resistive feedback of conventional type of
degenerative parallel LC circuit. The UWB LNA circuit
description along with its short analysis of gain and NF is
presented in section Il. Section Il describes the Advanced
Design System (ADS) simulation results. Section 1V
highlights the presented work is a nutshell as conclusion of
the report.

I1. CIRCUIT DESIGN OF WIDEBAND LNA

The typical narrowband LNA in cascode topology is
shown in Fig. 1(a). In Fig. 1(a), source inductor (L) is used
to minimize the noise and the impedance matching between
input of LNA and source resistance (R;) is accomplished by
the gate inductor (Lg) [2]. The Fig. 1(b) shows the small
signal equivalent model for the input stage of the overall
LNA presented. The input transistor M; has gate to source
capacitance, Cg. The reactive elements are combined in
series shown in Fig. 1(b) to resonate at the frequencies of
interest such that a real value with oL being equal to Rs.
The transistor M; has a cut-off frequency wt. The series
resonating input circuit quality factor’s mathematical
expression is shown in equation (1) [21].
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Where o, defines the resonant frequency. The quality
factor as in equation (1) is required to be more for large gain
with low noise figure and less Ppc. The 3 dB bandwidth of
an ideal series RLC circuit is inversely proportional to its Q-
factor (BW-3 dB = ®/Qns) Which is unacceptable for
wideband applications, shown in Fig. 1(a).
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Fig. 1 LNA topology for narrowband. (a) Circuit schematic
(b) Input stage small-signal equivalent model.

Fig. 2 represents the wideband LNA that is designed in
this paper. The shunt feedback resistor Rgg is used at the
output of first stage [6] and shunt inductor (peaking) Lp, is
used at the output [20]. The cascode configuration with CR
is adopted for designing a two stage CS-LNA. The
broadband input matching is the main benefit by using
resistive-shunt feedback and the LC parallel load provides
the input network equivalent to two branches in parallel,
which means a second order band-pass filter for wideband
applications. The bandwidth extension is achieved by using
series inductive and shunt peaking technique. The cascode
architecture provides low NF and flat high power gain. The
power dissipation is the major drawback in cascode
topology which is addressed by use of CR technique in the
present UWB LNA design.

Fig. 2 Proposed UWB LNA
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The designed architecture with current reuse technique is
used to resolve various issues such as small gain, reverse
isolation and excessive power consumption. The technique
stands on reducing the driving current sources by using dc
current between output to input stage. The various
architectures with CR technique are available as in [9]-[12].

RFB technique is used in the first stage of CS, which
provides better input matching and low noise by tuning Ls;,
L1, and parameters of the M; transistor, which are shown in
equations (2), (3) & (4).

_ Zin—Rs
Spp= 2
Zin +Rs
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Lp1gm1 gm1 S \gmilp1C1
1 Ls1r
+_m)
Im1Cgs1 Cgs1l p1
3
1 SLDl)
R ( —t-L2L
Fel FB\YIm1+g .o 1
SLDlngnl(RFB +52+L%)1) ' (L_'.L_'.;_F;)Z_Z
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Where R p1, R g1 and Rg; are resistance of drain, gate, and
source inductances and vy is the coefficient of thermal noise.

The second stage of CS LNA improves gain flatness,
amplifies the first stage signal with appropriate impedance
matching at output terminal by tuning circuit parameters of
second stage such as Lpy, Rpy, Ly and transistor parameters
of M,. Cascaded LC (Loyr and Coyr) output network
provides good output matching. The gain expression for the
proposed UWB LNA is represented in equation (5).

An ac-coupling path for the transistors My and M, is
accomplished by the capacitors (C; and C,). The capacitor
C; is connected to the source side of M, which helps ac
current flowing to the ground path and hence to avoid
interference coupling back to M; [6]. PTM 90 nm BSIM3
model [22] is used to design the UWB LNA.

SLp1(SLp2+Rp2) )

Cgs2 Cgs2
2 9gs 9gs
N Cg52L62+( 2 + o )

Av = 9m19m2-

1. RESULTS DISCUSSION

The small-signal S-parameters analysis in the UWB-band
is discussed in this section. The BSIM3 90 nm model
parameters are imported into ADS environment and
simulated for the proposed LNA. The simulated gain and
NF of the proposed LNA are shown in Fig. 3. The reverse
isolation and input-output reflection coefficients are
presented in Fig. 4.
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Fig. 3 Gain and Noise Figure of the proposed LNA



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

[ —e—s(1,1)

$(1,1) & $(2.2)[dB]

Frequency [GHz]

Fig. 4 S-parameters of the proposed LNA

The maximum gain for the LNA is obtained as 18.62 dB
at 4 GHz and minimum gain as 16.84 at 10 GHz. The
maximum variation 1.77 dB is reported in the entire UWB
band. The maximum NF is 2.71 dB at 3 GHz and 2.59 dB of
minimum NF is at 9.5 GHz. The difference is 0.12 dB in the
total UWB frequency range. S, is less than -13 dB at 8 GHz
and less than -10 dB in the frequency band of (5-11) GHz.
Sy, is less than -2.89 dB between 3 GHz to 5 GHz. S,, is
lower than -3.89 dB between 5.1 GHz to 7 GHz and below -
5.07 dB for (7.1-10) GHz. The reverse isolation (S;,) is less
than -25 dB in the entire UWB band. Stability factor is one
of the parameter used to evaluate the amplifier performance.
The amplifier should be unconditionally stable means at any
possible impedance the circuit should be stable [18]. The
stability factor of the LNA circuit is as shown in Fig. 5.
Clearly, the LNA was unconditionally stable over the UWB
band of interest.

In an amplifier design, flatness is highly desired and it
can be achieved by controlling the ripple. The less
difference between maximum and minimum of the
amplitude will provide more flat band. Fig. 6 gives the gain
ripple of the proposed LNA. The Gain ripple is 1.57 dB
between 3.1 GHz to 10.6 GHz. Figure of Merit (FoM) is a
decisive parameter to reveal the overall performance of the
LNAs. FoM considers gain, 3 dB bandwidth, NF;, and Ppc
of the LNA defined in equation (6) [11]. The FoM of
proposed LNA is 18.
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Fig. 5 Stability Factor K of the of the proposed LNA
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Fig. 6 Gain ripple of the proposed LNA

Fig. 7 and Fig. 8 show the 1-dB compression point
(P1dB) of -22 dBm and the third-order intercept point (11P3)
of -7 dBm respectively.
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Fig. 7 P1dB of proposed UWB LNA
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The implemented CMOS UWB LNA and state of the art
UWB LNA’s reported recently are summarized in Table I.
The standard 90 nm CMOS process is adopted by
considering BSIM3 of PTM model. The proposed LNA
exhibits high and flat, better linearity and low NF when
compared to previously published LNAs. The simulation
results indicate that the gain is improved by a factor of 15.36
%, noise figure is improved by a factor of 24.72%.

IVV. CONCLUSION

The two stage CS LNA based on the current-reuse
cascode configuration is designed by considering 90 nm
CMOS process. The present paper is focused on low power,
high-flat gain, low NF and good input-output matching with
better linearity. The high-flat gain and less power are
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achieved by taking the advantages of CR technique.
Controlling the resistive feedback and input LC network at
M; transistor, degraded NF and input matching of 50 Ohm
are obtained. Good output matching is accomplished by
adding cascaded LC (Loyr and Coyur) output network and
controlling Rpy, and Lp, at M, transistor. The proposed LNA
achieves a gain of 18.621 dB. The input return loss, Si; is
less than -10 dB and S,; is below -6 dB in frequency band of
interest. NF is less than 2.71 dB in the frequency range of

3.1 GHz to 10.6 GHz with excellent linearity, stability and
FoM. The results show that the proposed LNA is applicable
for high gain, low power UWB wireless sensor network
applications.

Table 1. Comparison chart of the various LNAS for UWB Applications

Parameters [7] [9] [10] [16] This Work

Technology 90 nm 130 nm 180 nm 130 nm 90 nm

BW (GHz) 2.6-10.2 3.1-4.8 3-11 3-12 3.1-10.6

Vaqa (V) 1.20 1 1.20 1.20 1

Gain (dB) 12.50 13 15.76 13.50 18.62

NFmin (dB) 3-7 3.50 3.38 4.30 2.71

Sy (dB) -9 <-8 <-10.60 <-11.00 | <-10

S1, (dB) -45 <-40 ---- ---- <-25

P1dB (dBm) -12 -15.40 ---- ---- -22

1HIP3 (dBm) ---- -6.10 - -7.00 -7

Ppc (mW) 7.20 3.40 8.65 8.50 11

FoM ---- --=- 33.90 3.41 18
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