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Abstract—This paper presents a low-power CMOS transcon-
ductance “ ” boosted common gate (CG) ultrawideband (UWB)
low noise amplifier (LNA) architecture, operating in the 3–5
GHz range, employing current-reuse technique. This proposed
UWB CG LNA utilizes a common source (CS) amplifier as the

-boosting stage which shares the bias current with the CG
amplifying stage. A detailed mathematical analysis of the LNA is
carried out and the different design tradeoffs are analyzed. The
LNA circuit was designed and fabricated using the 130-nm IBM
CMOS process and it achieved input return loss ����� and output
return loss ����� variations of respectively 8.4 to 40 dB and

14 to 15 dB within the pass-band. The LNA exhibits almost
flat forward power gain ����� of 13 dB and a reverse isolation
����� variation of 55 dB to 40 dB, along with a noise figure
(NF) ranging between 3.5 and 4.5 dB. The complete circuit (with
output buffer) draws only 3.4 mW from a 1 V supply voltage.

Index Terms—CMOS noise optimization, common gate ampli-
fier, current-reuse, -boosted low noise amplifier (LNA), LNA,
ultrawideband (UWB).

I. INTRODUCTION

T HE overwhelming technological advancements have
reduced the CMOS device dimensions considerably.

Hence, for system-on-chip (SOC) designs, the ability to inte-
grate digital, analog and RF building blocks with low power
consumption is an acute necessity. Also, scaling to nanometric
dimensions have resulted in CMOS devices achieving transit
frequencies comparable to those of bipolar junction
transistors (BJTs) [1]–[3]. Since the Federal Communications
Commission (FCC) defined the frequency spectral mask for
the ultra-wideband (UWB) radios and authorized this tech-
nology for commercial use in 2002 [4], [5], UWB has been
the emerging broadband wireless technology that promises
connectivity within the 3.1–10.6 GHz band. It has been of great
significance for the academic and industrial communities to in-
vestigate better techniques to realize UWB transceiver using the
“continually shrinking” CMOS technologies (e.g., [6]–[15]).
Various methods of pulse shaping and pulse modulation can
be adopted to utilize the vast UWB spectrum. The WiMedia
Alliance proposes a physical layer specification which divides
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the UWB spectrum into 14 528 MHz wide sub-bands [16]. The
sub-bands are further combined into five band-groups as shown
in Fig. 1 [42] and [43].

Similar to a narrowband RF system, LNA plays an impera-
tive role in the CMOS UWB radio receiver front-end. In pub-
lished literature, several techniques have been reported to im-
part high performance in the design of the UWB LNA. Based
on the input matching characteristics and noise performance, the
published CMOS UWB LNA architectures can be divided into
two major groups, the common source (CS), and the common
gate (CG) LNA [11], [17]. General topology of these architec-
tures is shown in Fig. 2. The noise factor of the CS LNA with
inductive source degeneration is linear with the operating an-
gular frequency and can be large in the gigahertz range as its
output gate current noise increases with the increase in . This
architecture is inherently narrowband and achieving wideband
input match to the signal source in the presence of the para-
sitic capacitances (e.g., bond pad, package, and board traces)
is quite difficult [19], [20]. In this case, advanced design tech-
niques are required to provide wideband input match to meet
UWB matching requirements [13] and [14]. On the other hand,
the CG LNA noise factor, although slightly higher as compared
to its counter part, is almost independent of and remains nearly
constant irrespective of the bandwidth and the frequency of op-
eration. Also, achieving wideband input match and absorbing
parasitic capacitances is relatively simple and is less effected
by process variations in the case of the CG topology. The CG
UWB LNA shown in Fig. 2(b), has a parallel resonant resistor
inductor capacitor (RLC)-network with the quality factor,

ignoring other parasitics and the body effect. As the
is proportional to the gate-to-source capacitance , it would

decrease with shrinking technology and hence, the bandwidth
would demonstrate a broadband behavior. Therefore, the CG
LNA can easily be adopted for broadband impedance matching
without many extra components [11]. Although, the NF of the
CG LNA [35] depends on the device size and
process parameters, it remains almost constant with . Also, the
NF of the CG LNA has a strong coupling with the bias point, or,
in other words, the input matching resistance looking into
the source. Reduction in the output noise floor of the CG LNA
is achieved by using the -boosting technique that decouples
the input matching and the NF of the CG LNA [15], [17], [18].

Current reuse technique has been used in many recent
LNA topologies [21]–[31] to reduce power consumption in
mobile devices. This paper reports a low-power CG UWB
LNA architecture which implements a novel “current-reused

-boosting” technique. The topology also includes a front-end
passive LC-band-pass filter for broadband input matching with
sharp out-of-band roll-off. The circuit operates in the UWB
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Fig. 1. Frequency plan of WiMedia Alliance for UWB.

Fig. 2. (a) Common source LNA. (b) Common gate LNA.

band between 3.1 and 4.8 GHz and utilizes a CS -boosting
gain stage that shares the bias current with the CG amplifying
stage to drastically reduce the power dissipation.

This paper is organized as follows. The basic principle of
the current-reuse -boosted CG configuration is explained in
Section II. In the same section, the circuit topology of the pro-
posed short-channel -boosted CG LNA architecture is pre-
sented. In Section III, the small signal model and noise analysis
of the proposed architecture is explained. Sections IV and V
provide the circuit design and simulation and the experimental
results of the proposed optimized UWB LNA, respectively. Fi-
nally, conclusions are drawn in Section VI, based on the per-
formance of the proposed LNA. With regard to the notations in
this paper, mathematical entity in the frequency domain are rep-
resented by capital letters [e.g., ] and the inverse Fourier
transforms of these entities in the time domain are represented
by the corresponding lower case letters [e.g., ]. Sometimes,
if it is not necessary to be mentioned, the terms and are un-
derstood to be present.

II. CURRENT-REUSE -BOOSTED CG UWB LNA

A. Current-Reuse Technique

In literature, several narrowband and broadband current-reuse
architectures have been proposed and majority of them are based
on a cascade of CS stages (CS-CS) sharing the bias current
[22]–[28]. To adequately isolate the cascading stages, a single
inductor is used. For better isolation, in [23], LC T-network
is used to provide third order isolation in the operating band

along with improved noise performance. In [29], a narrowband
-boosted CG LNA with current reuse technique is introduced

that uses a CS amplifier as the cascaded stage (CG-CS) to boost
the gain. In this design, the -boosting gain is provided using
the transformer coils connected across the source and the gate
terminals of the input device. Despite the transformer being a
passive device consuming no electrical power, it is not suitable
for adoption in UWB applications due to process nonlinearities
and the presence of low parasitic resistance that can cause pro-
nounced noise at the output of the amplifier. A -boosted CG
UWB LNA is designed in [32], which utilizes an active pMOS
CS device to provide the inverting -boosting gain. This de-
sign does not utilize the current-reuse technique and the bias cur-
rents through the CG amplifying stage and the CS -boosting
stage are not shared. In addition, it also utilizes another CS
stage in cascade which is separately biased as well and causes
more power dissipation. The UWB LNA circuit, proposed in
this paper, takes advantage of the current-reuse technique by
“stacking” the active pMOS stage (that provides the inverting

-boosting gain between the source and the gate terminals
of the input CG stage) on top of the input CG stage (“piggy-
back -boosting”). Thus the new approach proposed here, is
to reduce the power dissipation associated with the -boosting,
by implementing the “current-reused -boosting”, where the
bias current is shared between the -boosting (CS) stage and
the amplifier (CG) stage. An appropriate isolation circuit is de-
signed to separate out the CG and the CS stages at in-band
AC-frequencies and for sharing the DC bias current. The iso-
lation circuit also provides the loading at the drain terminals of
the CG and the CS stages for adequate gain.
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Fig. 3. Schematic of the proposed � -boosted current-reuse CG LNA oper-
ating in the UWB band group#1.

B. Circuit Topology

The circuit topology of the proposed UWB LNA is shown in
Fig. 3. A CG amplifying device is used at the input. The
CG stage with low input impedance characteristic and broad-
band behavior, provides NF that is almost independent of the
frequency of operation. The CG stage also eliminates the Miller
effect and hence provides better isolation from the output return
signal. To decouple the NF from the input matching condition
and to reduce the noise floor, the pMOS CS stage is used as
the -boosting inverting amplifier. The CS stage , in con-
junction with the low impedance path of the series resonant LC
tank with inductor and capacitor , provides the inverting
gain between the source and the gate terminals of . The
gain boosts the of by a factor of , without
having to increase its device size or the bias current [35]. As
a result, better UWB noise performance and input matching is
accomplished without increasing power dissipation. While the
series resonant and provides a low impedance path be-
tween the drain of and the gate of , the isolation circuit
has an impedance which is adequately large to provide a high
impedance path between the drains of the two MOS devices and
to provide loading for reasonable gain for the -boosting and
the amplification stages. Since the second order resonant circuit
composed of and presents a narrowband characteristic,
it is tuned at a frequency that is nearer to the upper end of the
desired band [26] instead of a mid-band frequency. In this way,

the increasing impedance of this tank circuit, as the signal fre-
quency deviates from the resonant frequency at the lower end of
the desired band, is compensated by the higher intrinsic gain of
the devices at lower frequencies. An LC T-network is chosen as
the isolation circuit between the amplifying and the -boosting
stages considering its advantages over the simple single inductor
circuits [23]. The third order low pass LC T-network with series
inductor coils and and a large shunt capacitor , pro-
vides adequate isolation between the drain terminals of and

, in the frequency band of operation which is necessary for
the amplification. and also carry the common dc bias cur-
rent through and making the current-reuse possible and
thus reducing the power consumption. In addition, the large ca-
pacitor acts as a bypass capacitor for ac-frequencies with
the inductors acting as loads for the corresponding MOS de-
vices. In order to achieve wideband input match, an off-chip
fourth-order LC band-pass filter (BPF) is used at the amplifier
input. The BPF starts with a series branch and ends with a shunt
branch, where and are the series and shunt branch in-
ductors, respectively. and are the corresponding series
and shunt capacitors. This filter architecture is chosen in order
to provide sharp out-of-band roll-off and to absorb the CG stage
parasitics into the filter. The shunt branch inductor also fa-
cilitates the dc biasing by sinking the common drain current of

(and ) to the circuit ground. The impedance-matched
band-pass LC section is obtained using automatic filter genera-
tion software [33]. The devices and constitute an output
buffer to provide 50 match for testing purpose. The capacitors

and are ac-coupling capacitors while , , ,
and , are biasing resistances. The bias voltages to setup the
dc operating point of the amplifier are generated by on-chip cur-
rent mirror circuits which are not shown in the schematic dia-
gram of Fig. 3.

III. LNA ARCHITECTURAL ANALYSIS AND DESIGN

METHODOLOGY

Fig. 4 represents the equivalent small signal model of the
proposed -boosted current-reuse CG UWB LNA excluding
the output buffer. For simplicity of the analysis, the large by-
pass and ac-coupling capacitors are replaced by short circuits
in the small signal model. The UWB small signal input source

, with source resistance , is assumed to have constant
power within the passband and zero outside it.
Hence, the BPF at the input of the amplifier is acting as a loss-
less matched filter within the UWB passband. It is assumed that
the BPF is not inducing any noise into the circuit; hence, it is
replaced by a short circuit path in the model. Similarly, the LC
tank circuit composed of and is also replaced by a short
circuit. It is also noted that in the analysis of the UWB LNA,
body effect of the MOS devices and is ignored for ease
of understanding. and are the gate-to-source capac-
itances of and , respectively, while, and are
the gate-to-source small signal voltages of the respective MOS
devices. Although is shown in the small signal model for
clarity, it can be open-circuited by absorbing its susceptance,

, into the shunt branch of the BPF. and
are the transconductances of and respectively. In

order to study the effect of the finite short channel resistance
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Fig. 4. Small signal equivalent representation of the proposed UWB LNA with relevant noise sources.

(due to the nanometric shrinking of the MOS devices) on the
performance of the proposed UWB LNA, the short channel re-
sistances, and of the corresponding MOS devices are
also included in the model for analysis.

In today’s nanometric processes short channel devices posses
very small gate-to-source capacitance (of the order of ) and
small channel resistance. Looking at the small signal model of
the LNA, it is clear that for in-band frequencies, the impedance
looking into the gate of , i.e., in series with ,
is quite large and it is in parallel with , where

. Hence, the -boosting gain provided
by , when the impedance looking into its drain terminal is
dominated by , can be approximated by

(1)

With reactance , the overall gain of the
proposed CG UWB LNA is then given by equation (2), shown
at the bottom of the page. In Fig. 4, and are the
drain current noise sources of the devices and , respec-
tively, and and are the corresponding gate current
noise sources, while, is the noise generator for the source
resistance . A comprehensive analysis of different types of
noise in MOS devices and definitions of different noise param-
eters can be found in [34].

A. Noise Analysis of UWB LNA

Having established the form of the UWB LNA small signal
model, the noise analysis is presented in this subsection as a
design guide. If the noise power spectral density (PSD) due to

is represented as , the noise factor is then given
by

(3)

In (3), and are the input-referred noise PSDs
due to the internal noise sources of and , respectively.
Now, by inspecting Fig. 4, it can be proven mathematically, that
a simple expression for the input referred noise voltage power
spectral density (PSD) due to the internal noise sources of the
device , is given by

(4)

where is the PSD of ’s internal noise source
and is the PSD of the orthogonal component of
to [34]. Also, is the effective susceptance looking
into the source of towards the ground, given by

. In addition, is the correlation admit-
tance which accounts for the effect of correlation between the
two internal noise sources of the device . After some simple
derivations for the CG stage in (4) is found to be given
by

(5)

In (5), the correlation coefficient , the constants and and
’s zero-bias channel conductance are technology and

(2)
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bias dependent parameters [34]. Calculation of the input re-
ferred noise PSD , due to the internal noise sources of the
device , as shown in Fig. 4, is carried out by dividing
into two orthogonal components: (with PSD )
which is completely uncorrelated with and
(with PSD ) which is fully correlated with and
in phase (with PSD ) [34]. The input-referred noise PSD
due to all the noise sources of can then be derived to be
given by (6), shown at the bottom of the page. In this composite
PSD expression, the first term is contributed by the drain
current noise of , the second term by the correlated part of
the induced gate current noise, the third term arises from the
cross-correlation of these two noise sources and the final term is
the contribution of the uncorrelated induced gate current noise
of . Inspecting (3) and (4), it is evident that the -boosting
by the factor can increase the system signal-to-noise
ratio (SNR) considerably. In addition, it can be seen from (4)
that with the matched BPF network at the input of the LNA, the
SNR can be further increased by setting .
In general, for noise optimization, the overall susceptance
looking at the source of , . This
can be achieved by setting the reactive components of the BPF
in conjunction with the size of , so that over all the
value of is achieved. The effect of the short-channel
resistance can also be appreciated by analyzing (4). Reducing

can reduce the channel current noise without bound and
theoretically at zero channel resistance, the channel current
noise completely disappears. However, practically, this is not
feasible as cannot be technologically controlled to such
a limiting value. From (6), it is apparent that increasing the

-boosting gain can increase the noise PSD due to ,
resulting in a reduction of the system SNR, which is highly
undesirable. On the other hand, it can be appreciated that the
noise contribution by can be minimized by keeping high
device transconductance, , as it appears in the denominator
of two noise terms. However, an increase in would also
increase the -boosting gain that can degrade the SNR
due to ’s noise sources. As a compromise, can be kept
within an acceptable limit by maintaining low effective load

at the drain terminal of while still designing for

higher . The total noise factor of the proposed -boosted
UWB CG LNA is then computed by substituting (4) and (6)
into (3) and solving for , which is then given by

(7)

where is a frequency dependent parameter of the dimen-
sion (ohms) and is given by (8), shown at the bottom of the
page. In addition, and are assumed to be the same for and

, while and are zero-bias channel conductances for
and , respectively [34].

B. Input Matching and Noise

In the previous subsection, detailed noise analysis of the pro-
posed UWB LNA was carried out. From (7) and (8) it can be
seen that the -boosting gain has an inverse relationship
with the input referred noise due to and on the other hand,
a direct relationship with the input referred noise due to . It
is now necessary to observe the effect of the short channel finite
resistance and the -boosting gain on the input matching
characteristics of the proposed UWB LNA. Revisiting the small
signal model of the LNA in Fig. 4, the frequency domain rep-
resentation of the input admittance of the proposed circuit, as
seen by the UWB source, is given by

(9)
If and are relatively small and absorbed by the

shunt branch of the BPF at the source terminal of
, the admittance can be separated into its real and imaginary

parts that are given by

(10)

(6)

(8)
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The effect of the -boosting can be appreciated from (10),
where is increased by a factor resulting
in higher effective transconductance of and better input
matching without the expense of more power supply drain.

reduces to when long channel assumption
is made which is the published input admittance
of long-channel -boosted CG LNA [15]. It is clear from
(10) that the imaginary part of represents a grounded
inductor in parallel with the shunt branch of the BPF and can
be absorbed into it. Due to the short-channel (finite ), the
effect of the load at the drain of also appears at its source
and causes a reduction in the input admittance of the CG stage
(which is not desirable). It indicates a tradeoff between the gain
of the LNA, its input matching and the power consumption.
This is because, for higher gain a larger would be
required, which would force setting a higher value for
(higher power dissipation) in order to bound the real part of

for impedance matching to 50 . Hence, the effective
transcoductance of the short-channel CG stage should be set
higher than 20 ms for better input match.

As a concluding remark with regard to design methodology,
the -boosting gain must be set carefully so that the
reduction in the drain current noise due to is not offset by the
deterioration of the input referred noise due to [comparing
(4) and (6)]. As discussed in the previous subsection, can
be increased while maintaining low effective load at the drain
of , so as to keep the input referred noise component due to

in the overall SNR to a minimum.

IV. UWB LNA CIRCUIT DESIGN AND SIMULATION

The design of the proposed CMOS UWB LNA, as shown
in Fig. 3, is based on the IBM 130-nm RFCMOS process. For
better performance at high frequencies and lower parasitics, a
minimum channel length of 130 nm is chosen for all the transis-
tors in the circuit. The extensive circuit simulations, optimiza-
tion and chip layout of the proposed design was carried out using
Cadence tools. Following the analysis and the design method-
ology in Section III, and are set at 11.5 and 10.5 ms,
respectively. For these transconductance values, the widths of

and are set at 25 and 75 m respectively, that requires
a reused bias current of around 1.25 mA. The resulting approx-
imate unity gain frequencies of 180 GHz (for ) and

55 GHz (for ) are more than five times the maximum
frequency of the operating band and hence provides sufficient
intrinsic bandwidth for achieving the specified performance of
the UWB LNA. After iterative simulations, keeping in view the
tradeoffs explained in the previous section, and are de-
signed as 11.7 and 4.8 nH inductors, respectively, to provide
adequate UWB gain and noise performance. in conjunction
with provides a gain magnitude of around 1.33
(peak) at 4.2 GHz, which is chosen to be within the upper-half
of the operating band through rigorous simulations in order to
optimize the noise within the band. This makes the effective
transconductance of around 27 mS at this frequency. The
effective transconductance is set higher than 20 mS to take into
account the effect of the short channel finite resistance as per
(10). As mentioned earlier, the UWB LNA gain and noise is op-
timized at a frequency, nearer to the upper cutoff frequency of

the operating band with the realization that, at lower frequen-
cies these can be compensated by the higher intrinsic gain of
the devices. For the same reason, the resonant frequency of the

tank is chosen as 4.2 GHz using a 1.3 nH inductor
and a 1.1 pF capacitor. For low power consumption, the dc
supply voltage is kept at 1.0 V and the gate terminals of
and are biased at 500 mV with the drain to source voltage
drops for each of the MOS devices set at 500 mV. The gate-bias
voltages are generated by current mirror circuits so as to min-
imize power consumption. The source-follower devices were
sized appropriately ( 19.2 m and 30.8 m)
to provide 50 output match. The external BPF components
are chosen considering the presence and the absorption of the
front-end (pad, bonding wire and package) parasitic reactances
including the inductive susceptance of the UWB LNA’s input
admittance, in order to provide better broadband input match
with sharp out-of-band signal rejection. For effective BPF de-
sign, the Cadence Spectre-RF simulator is used to extract de-
vice operating parameters for both and . The impor-
tant extracted parameters were: 9.5 fF, 30.1
fF, 932 and 1250 . Fig. 5 shows the com-
posite circuit topology of the RF signal input interconnect path
showing a cascaded network of the input impedance of the UWB
LNA, wire-bond, package parasitics and the external band-pass
filter. Here, and are the equivalent resistance and
inductance at the source terminal of and can be computed
using (10). is the equivalent capacitance at the source
terminal of and is a parallel combination of ,
and the bonding-pad capacitance 0.2 pF . Here, as a
tradeoff the effective admittance at the input of the LNA is ab-
sorbed in the input matching network (power match) instead of
matching with the correlation admittance as per discussion on
noise optimization in Section III-A (noise match), which is com-
pensated by the -boosted lowering of the overall noise figure.
The overall input impedance of the amplifier in the operating
band is plotted using the smith-chart as shown in Fig. 6. The
smith chart trace depicts the variation of the impedance looking
into the RF signal input interconnect path, indicating a close
match with 50 source resistance at 4.1 GHz and the amount
of mismatch (radial distance from the origin to a point on the
trace) at the other frequencies within the pass-band between the
corner frequencies (3.1 and 4.8 GHz, respectively, at the bottom
and top terminus of the trace).

V. FABRICATION AND EXPERIMENTAL RESULTS

The UWB LNA was fabricated using the IBM 130-nm
RFCMOS process. The photomicrograph of the fabricated die
is shown in Fig. 7 with chip area of 640 m 470 m (0.301
sq. mm) including the bonding pads. All the on-chip active
devices are fabricated with fingered gate terminals to reduce
the gate-resistance so that the intrinsic of the devices are
maximized and their gate-resistance noise PSDs are minimized.
All the on-chip inductors were fabricated as octagonal spirals
with central cavity (for high ) using 5 m wide traces of top
thick aluminum layer MA with copper layer E1 as underpass
contact to the spiral center. The outer diameters of the on-chip
inductors are, respectively, 250, 180, and 100 m for , ,
and . The shunt capacitor , the bypass capacitors
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Fig. 5. Composite circuit topology of the RF signal input interconnect path showing a cascaded network of the input impedance of the UWB LNA, wire-bond,
package, and the external band-pass filter.

Fig. 6. Smith-chart trace depicting the variation of the impedance looking into
the RF signal input interconnect path, indicating a match with 50� source resis-
tance at 4.1 GHz and the amount of mismatch (radial distance from the origin to
the trace) at the corner frequencies (3.1 and 4.8 GHz, respectively, at the bottom
and top terminus of the trace).

and , and the series tank capacitor are fabricated as
MIM capacitors using the thin metal layers QY and HY with
thin dielectric aluminum nitride sandwiches, interconnected
with the enclosing layers E1 and LY. All the resistors providing
dc biasing and the current mirror and ac blocking terminations
are fabricated using the high sheet resistance shallow poly
layer. All the active and passive components are labeled on the
chip photo. Transient and AC measurements were carried out
using the Agilent DCA J 86100C and Agilent E4428C ESG
signal generator. Network-level characterization was carried
out by power wave measurements in the TDR/TDT mode [40].
All measurements include trace and connector losses. Fig. 8
shows the simulated and measured input reflection coefficient

. In the simulation phase, is kept in the range
10 dB. The degradation in the measured result is mainly due

Fig. 7. Microphotograph of the proposed LNA with labels showing all the ac-
tive and passive components.

to the presence of the CG input susceptances, bonding-pad
parasitics, bonding wire, packaging traces, and the inaccuracies
in the external BPF components. Despite these intervening
terminations causing signal reflection, the is below 8 dB
over the entire frequency band of operation which indicates
reasonably acceptable input matching. The plot is also
found to be roughly close to its theoretical estimate in the smith
chart of Fig. 6. Fig. 9 shows the forward power-gain curve and
its comparison with the simulation. The forward-gain is
measured to be around 13 dB with the dc power consumption
of around 3.4 mW (which includes the power dissipation and
the 6 dB gain loss at the source-follower output buffer). The
gain is almost flat with some degradation at the upper UWB
frequencies. This gain erosion is mainly due to the increase in
the substrate leakage at higher frequencies. Fig. 10 presents
the achieved noise figure for the proposed LNA. The measured
noise figure of the LNA is below 4.5 dB in the pass-band with
a of around 3.5 dB which is acceptable for an UWB
LNA [13], [37]. This noise performance is achieved in power
match condition and can be further optimized (reduced) by
designing the circuit elements at the source input of for
noise match (setting , as per discussion
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Fig. 8. Input reflection coefficient �� �.

Fig. 9. Forward gain �� �.

on noise optimization in Section III-A. The -boosting CS
stage noise contribution can also be optimized by employing in-
ductive source degeneration to . Using this technique, input
matching characteristics of the LNA can be further enhanced, as
the inductive degenerated CS stage would contribute a resistive
component parallel to the input impedance of the CG LNA
given by (10). Figs. 11 and 12 show the remaining measured
S-parameters and their comparison with the simulation. The
LNA provides very good reverse isolation as the use of the CG
topology removes the Miller effect. Hence, the measured is
less than 40 dB within the pass-band. The reverse isolation
deteriorates at higher frequencies due to increased parasitic
feed back at higher frequencies. The measured is higher
than the simulated value due to the effect of the additional stray
feedback paths not accounted for by the parasitic extraction
simulator. The measured output matching coefficient is
less than 14 dB throughout the operating band and is almost
constant largely due to the broadband behavior of the output
impedance of the output source-follower buffer. In order to
determine the spurious free dynamic range ceiling, the IIP3

Fig. 10. Noise figure (NF).

Fig. 11. Reverse isolation �� �.

Fig. 12. Output reflection coefficient �� �.

and the 1-dB compression point were evaluated. Accordingly,
a two-tone test was carried out at the mid-band frequency of
3.9 GHz with a 500 MHz tone separation. The measurements
indicate an input-referred IP3 of 6.1 dBm and an input-re-
ferred 1-dB compression point ) of 15.4 dBm, as
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Fig. 13. IIP3 and the 1 dB compression point for the UWB LNA at 3.9 GHz.

TABLE I
SUMMARY OF THE � -BOOSTED CG UWB LNA PERFORMANCE AND

COMPARISON WITH PREVIOUS RECENTLY PUBLISHED DESIGNS

shown in the Fig. 13. Finally, Table I summarizes the measured
performance of the proposed current-reuse -boosted CG
UWB LNA and provides a comparison of the circuit with
other recently reported designs. The improvements attained by
the proposed current reuse -boosted architecture is clearly
evident when compared to these other UWB LNA circuits,
particularly for low-voltage and low-power solution.

VI. CONCLUSION

This paper demonstrated the design of a low power LNA ar-
chitecture, operating in the 3.1–4.8 GHz UWB range, designed
using the IBM 130-nm CMOS process. This paper presents a
new approach to boost the (“piggy-back -boosting”) of
the CG LNA by adopting a current-reuse technique to reduce
the power dissipation by sharing the bias current between
the -boosting and the UWB signal amplifying stages. The

expressions for the LNA to represent and optimize the noise
factor have been derived. Various design tradeoffs between
the -boosting gain, input matching, gain of the amplifying
stage and noise contributions by the active devices constituting
the complete -boosted CG UWB LNA are also explained
and analyzed. Measured results show satisfactory performance
of the proposed LNA with a power consumption of only 3.4
mW. This technique thus provides an avenue for achieving
broadband low noise performance using the CG topology.
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