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Abstract—This paper presents two CMOS common-gate (CG)
low-noise amplifiers (LNAs) using different dual-feedback tech-
niques, significantly reducing noise figure (NF) to around 2 dB
over a wide frequency range. The proposed first CG LNA uses
-boosted feedback and shunt-series transformer feedback

to relieve the tradeoff between input and noise matching. The
proposed second CG LNA further extends the input matching
bandwidth by using -boosted feedback and shunt–shunt trans-
former feedback. Moreover, the transformer used for feedback
in both CG LNAs causes gain peaking and thus a considerable
increase of 3-dB gain bandwidth. After implementation in a
0.18- m CMOS process, the first and second CG LNAs achieve
an NF of 1.9–2.6 dB over a 3-dB gain bandwidth of 7 and 10 GHz,
respectively. The comparison between simulated and measured
results shows a good agreement.

Index Terms—CMOS low-noise amplifier (LNA), common-gate
(CG) LNA, dual feedback, wideband LNA.

I. INTRODUCTION

T HE increasingly pervasive use of wireless broadband
technology is due to its high data-rate transmission capa-

bility. For future wireless communication systems, a universal
software-defined radio (SDR) provides a tunable platform over
a wide frequency range, which covers multiple wireless com-
munication standards, including a multi-band/ multi-standard
system ranging from 1 to 6 GHz and an ultra-wideband (UWB)
system ranging from 3.1 to 10.6 GHz. To achieve an RF receiver
operating within a spectrum of both multi-band/multi-standard
and UWB systems, a wideband receiver is more efficient and
flexible in terms of power consumption, chip area, and cost
than the parallel multiple narrowband receivers for high-level
integration in a single chip [1], [2]. Despite the advantage of
a wideband receiver having hardware shared with multi-stan-
dards, this feature poses a more stringent requirement on the
wideband receiver. As a critical block in a wideband receiver,
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a low-noise amplifier (LNA) must provide adequate input
matching, high linearity, low noise figure (NF), and sufficient
gain over a wide frequency range to obtain a high dynamic
range for a wideband receiver with low power consumption
[3], [4].
Common-gate (CG) amplifiers are generally promising for

use in wideband due to their high stability, linearity, and re-
verse isolation [5], [6]. However, because of the difficulty in
wideband noise matching, their NF performance is poorer than
that of common-source (CS) amplifiers. Additionally, the 3-dB
gain bandwidth of CG LNA is rather finite unless using the
gain peaking technique [7]. Cascaded topologies usually con-
sume large dc currents [8]–[10]. The CG LNA that uses the par-
allel noise-canceling technique to suppress the channel thermal
noise of a MOSFET can reduce NF to 3–4 dB [11]–[13]; how-
ever, it excessively counts on the balance of output amplitude
and phase. Moreover, the negative feedback [14], [15] or posi-
tive feedback [16], [17] technique can reduce the NF of the CG
LNA to an average of 3 dB. However, due to the limited feed-
back gain, further improvement is rather difficult. To improve
the NF, the use of a dual (positive and negative) feedback tech-
nique can further reduce the NF of the CG LNA to around 2 dB
[18]. Nonetheless, its 3-dB gain bandwidth is restricted by the
output time constant.
This paper presents two CMOS dual-feedback CG LNAs

using -boosted and transformer feedback to achieve a low
NF and a flat power gain over a wide band of frequencies. The
first CG LNA (referred to as CG LNA-1) uses the topology of
shunt–shunt negative feedback and shunt-series positive feed-
back to relieve the tradeoff between input and noise matching
[19]. This paper extends the previous work [19] by performing
the output series peaking via transformer to increase the 3-dB
gain bandwidth. Although the CG LNA-1 has a superior NF
and 3-dB gain bandwidth, its applicable frequency range is not
wide enough to cover 3.1–10.6 GHz for UWB applications.
Therefore, the second CG LNA (referred to as CG LNA-2) uses
shunt–shunt negative feedback, shunt–shunt positive feedback,
and output shunt-series peaking to achieve a similar NF, but
a much wider 3-dB gain bandwidth than the CG LNA-1 for
meeting the need of an UWB LNA design.

II. CIRCUIT ANALYSIS

A. Differential CG LNA With a -Boosted Feedback

Fig. 1(a) illustrates a half circuit of the conventional CG LNA
(referred to as CG LNA-gb) using a -boosted feedback as

0018-9480 © 2013 IEEE
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Fig. 1. Half circuits of the differential CG LNAs. (a) CG LNA-gb. (b) CG
LNA-1.

a shunt–shunt negative feedback [14]. The input impedance of
CG LNA-gb is derived as

(1)

where , , and are the transconductance of transistor
, source inductance of , and gate-to-source capacitance of
, respectively. denotes an inverting feedback loop gain.

Clearly, the negative feedback boosts the value by a factor of
. From (1), is approximated as

when resonates with . For input matching,
should be set equal to the terminating source conductance

mS, where is the terminating source resistance.
Additionally, the dominant noise sources are assumed here to be
channel thermal noise of and thermal noise of output load
resistance . Therefore, the noise factor of the CG LNA-gb
under input matching is derived as

(2)

where and are the thermal noise coefficient of the tran-
sistor and ratio of to zero-bias drain conductance, respec-
tively. The value of is generally equal to 1.33 for short-
channel MOSFETs [20]. From (2), the negative feedback ob-
viously reduces the noise contribution from by a factor of

. Additionally, the frequency-dependent voltage gain
of CG LNA-gb is derived as

(3)

where is the output capacitance of , which includes the
drain capacitance of and the input capacitance of
the subsequent stage. According to (2) and (3), the value
should be as large as possible to reduce the NF, and meanwhile
increase the voltage gain. However, an excessively large sig-
nificantly degrades the 3-dB gain bandwidth, which is expressed
as . Based on the above discussion, we can infer that

is restricted stringently by input matching. Consequently,
becomes the dominant factor to determine NF and voltage

gain, which is a tradeoff with the 3-dB gain bandwidth and lin-
earity.

Fig. 2. Small-signal equivalent half circuit of the proposed CG LNA-1.

B. Differential CG LNA With a -Boosted and Shunt-Series
Dual Feedback

Fig. 1(b) illustrates a half circuit of the proposed CG LNA-1
[19]. The dual-feedback structure comprises a -boosted
feedback as a shunt–shunt negative feedback and a transformer
feedback as a shunt-series positive feedback. The transformer,
which consists of primary winding inductance and sec-
ondary winding inductance , makes the current gain of CG
LNA-1 larger than one. Moreover, in addition to consuming no
dc power, the loop gain of the positive feedback is a product
of the magnetic coupling coefficient and a turn ratio of the
transformer, thereby making the positive feedback independent
of process, voltage, and temperature (PVT) variations.
1) Input Impedance: Fig. 2 illustrates the small-signal equiv-

alent half circuit of CG LNA-1, which ignores the channel
length modulation of . The of CG LNA-1 is found as

(4)

where is the coefficient of magnetic coupling and
is the turn ratio of the transformer. In contrast

with (1), (4) indicates that is a positive feedback gain that
can vary the input resistance, subsequently forming another
degree of freedom to achieve input matching when is
specified for other purposes. Notably, must be less than
one to ensure the stability of CG LNA-1.
2) NF: The dominant noise current sources are assumed here

to be channel thermal noise of and thermal noise
of . Fig. 3 shows the noise equivalent half circuit of

CG LNA-1, where noise current source is the thermal
noise contributed by . Also, of CG LNA-1 under input
matching is derived as

(5)

where , given by the second term of right-hand side in (5),
is the channel thermal noise contributed by ; , given by
the last term on the right-hand side of (5), is the thermal noise
contributed by . In contrast with (2), (5) indicates that the
additional positive feedback gain significantly suppresses
both and . Obviously, both and decrease
with increasing .
3) Voltage Gain and 3-dB Gain Bandwidth: The 3-dB gain

bandwidth of CG LNA-1 is analyzed by considering an output
half circuit of CG LNA-1, as shown in Fig. 4. In this figure,
acts as a series-peaking inductance. The combination of , ,
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Fig. 3. Noise equivalent half circuit of the proposed CG LNA-1.

Fig. 4. Output half circuit of the proposed CG LNA-1.

and forms two additional poles in the voltage-gain transfer
function to subsequently extend the 3-dB gain bandwidth. The
normalized transimpedance of CG LNA-1 is derived as

(6)
where , , and are , , and

, respectively. Equation (6) reveals
that the bandwidth extension ratio (BWER), which refers to the
ratio of 3-dB gain bandwidth with gain peaking to that without
gain peaking, increases with and . Furthermore,
is enlarged by an increasing , subsequently boosting BWER.
Moreover, the voltage gain of CG LNA-1 can be written as

(7)

Clearly, from (6) and (7), there are three poles in the voltage-
gain transfer function, which can be properly designed to in-
crease the 3-dB gain bandwidth of CG LNA-1.

C. Differential CG LNA With a -Boosted and Shunt–Shunt
Dual Feedback

Fig. 5 shows a half circuit of the proposed CG LNA-2 using
a -boosted feedback as a shunt–shunt negative feedback and
a transformer feedback as a shunt–shunt positive feedback to
obtain an ultra-wide bandwidth. As illustrated in Fig. 6(a), the
combined effect of the secondary winding inductance of the
transformer and the output equivalent -section network forms
a shunt-series peaking, causing resonances at and to ex-
tend the 3-dB gain bandwidth [21], as shown in Fig. 6(b). More-
over, the input matching bandwidth also increases significantly.
The expressions of input impedance, NF, voltage gain, and 3-dB
gain bandwidth of CG LNA-2 are derived as follows.
1) Input Impedance: Fig. 7 illustrates the small-signal equiv-

alent half circuit of CG LNA-2, which ignores the channel
length modulation of . The of CG LNA-2 is found as

(8)

Fig. 5. Half circuit of the proposed CG LNA-2.

Fig. 6. (a) Output half circuit of the proposed CG LNA-2. (b) Frequency re-
sponse of voltage gain and magnitude.

Fig. 7. Small-signal equivalent half circuit of the proposed CG LNA-2.

where

(9)

(10)

In (10), is the input impedance of the output -section
network that is short circuited and open circuited at and ,
respectively, as shown in Fig. 6(a). The frequencies of and
are given as

(11)

(12)

Consequently, the imaginary part of the feedback admittance
shown in Fig. 8 has two zeros at and through the

positive feedback, which thereby causes triple resonances in
according to (8) to broaden the input impedance band-

width. In contrast, CG LNA-gb and CG LNA1 have a rela-
tively narrow bandwidth because only one resonant frequency,
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Fig. 8. Calculated real and imaginary parts of . ( mS,
, , fF, fF, nH, nH,

and .)

Fig. 9. Noise equivalent half circuit of the proposed CG LNA-2.

, is found in . Empirically, and
are selected as the lower and upper bounds, respectively, of the
additional bandwidth to be gained.
Incorporating (11) and (12) into (8) allows us to derive that

the real part of has a lower bound at and an upper
bound at , as shown by

(13)

According to (13), the real part of is set between
27–107 in order to achieve dB within the 3-dB
gain bandwidth. Notably, must be less than one to ensure
the stability of CG LNA-2.
2) NF: Assume that the dominant noise current sources are

channel thermal noise of and thermal noise
of . Fig. 9 illustrates the noise equivalent half circuit of CG
LNA-2, where noise current source is thermal noise con-
tributed by . of CG LNA-2 is also derived as

(14)

Equation (14) indicates that the positive feedback gain
and negative feedback gain contribute to suppressing both

and . Similar to CG LNA-1, both and de-
crease with increasing . However, due to the constraint of

(13), the and values used for CG LNA-2 are gener-
ally less than that for CG LNA-1. Therefore, it causes that CG
LNA-2 has a slightly larger average NF than CG LNA-1 within
the 3-dB gain bandwidth.
3) Voltage Gain and 3-dB Gain Bandwidth: The 3-dB gain

bandwidth of CG LNA-2 is analyzed by considering the output
half circuit shown in Fig. 6(a). The of CG LNA-2 is
derived as

(15)

where , , , and are ,
, , and , re-

spectively. In contrast with (6), (15) adds another zero and pole
to extend the 3-dB bandwidth of more effectively. More-
over, the voltage gain range of CG LNA-2 is given by

(16)

Equation (16) indicates that the voltage gain of CG LNA-2 in
the frequency range from to has a lower bound at and
an upper bound at .

D. Stability

By referring to [22], the stability of the CG LNA with mul-
tiple feedbacks can be estimated by a return ratio , which
is defined as the minus ratio of the output currents without and
with the feedbacks. According to this definition, for the pro-
posed CG LNAs is derived as

(17)

It is deduced in [22] that unconditional stability is achieved
with . Therefore, the positive feedback gain

must be less than unity to make (17) satisfy this stability
criterion.

E. Design Guide and Procedure

According to the input impedance and NF expressions shown
in (4) and (5) for the proposed CG LNA-1 and those in (8) and
(14) for the proposed CGLNA-2, the dual-feedback parameters,
and , play crucial roles to achieve good input matching

and low NF for the two CG LNAs. Basically, increasing or
reduces the NF, while increasing or decreasing

lowers the input resistance. Therefore, and should be
theoretically as large as possible to suppress the NF and mean-
while achieve an input matching by maintaining a 50- input
resistance. However, practically, there is an upper limit for
and because the former is restricted by the allowable max-
imum current and the latter is bound by the stability condition
shown in (17).
The equations derived in this section are helpful to find de-

sign conditions for the proposed CG LNAs to achieve good
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Fig. 10. Calculated NF and input resistance data using the derived equations
with comparison to simulation results. (a) CG LNA-1 at 6-mA current consump-
tion and 200- load impedance. (b) CG LNA-2 at 4.1-mA current consumption
and 200- load impedance.

input matching and low NF at input resonance. To demon-
strate the validity of the derived equations for this purpose,
Fig. 10 shows the theoretical results of input resistance and
NF calculated from (4), (13) and (5), (14), respectively, for
the proposed CG LNAs operating under the selected bias and
load conditions. The calculated data shown in Fig. 10 agree
well with the simulation results. Notably, these design equa-
tions assume that the CG transistors are unilateral and the
transformers are lossless.
A design procedure for the proposed CG LNAs is summa-

rized as follows.

Step 1) Determine , , and using (4)–(7)
for CG LNA-1 and (8)–(16) for CG LNA-2
to simultaneously achieve dB,
return loss dB, and Gain dB under
the conditions of input resonance, unconditional
stability, and allowable maximum current.

Step 2) Choose to resonate with at a frequency lower
than the center of the operating frequency range, and
then determine from the known and .

Step 3) Adjust to maximize the gain-bandwidth product
without violating the conditions in Step 1).

Step 4) Use the output shunt-series peaking technique, as
shown in Fig. 6(a), for CG LNA-2 to extend the
input impedance and 3-dB gain bandwidth to cover
the entire operating frequency range.

Fig. 11. Comparison of simulated magnitude of for the studied CGLNAs
under the wideband input and noise matching condition. (Common parameters:

, nH; CG LNA-gb’s parameters: mS,
; CG LNA-1’s parameters: mS, ; ,

nH; CG LNA-2’s parameters: mS, ;
, nH, nH.)

Fig. 12. Comparison of magnitude of for the studied CG LNAs under
the wideband input and noise matching condition. (CG LNA-1 parameters:

, ; CG LNA-2’s parameters: , ,
.)

F. Comparison of , BWER, and NF

Fig. 11 compares the simulated of the studied CG
LNAs. It is found that CG LNA-2 at higher frequencies has
apparently better input matching than the others. Furthermore,
based on (3), (6), and (15), Fig. 12 compares the calculated

of the CG LNAs. It is found that both CG LNA-1 and
CG LNA-2 substantially increase the 3-dB gain bandwidth
compared to CG LNA-gb, achieving a BWER of 3.4 and 4, re-
spectively. Notably, if the actual transformer loss is considered,
the overshoot ripples of for CG LNA-1 and CG LNA-2
in Fig. 12 will be smoothed over so as not to significantly affect
the gain flatness.
Fig. 13 compares the simulated NF of the studied CG LNAs.

Obviously, in contrast with the CG LNA-gb, both CG LNA-1
and CG LNA-2 significantly reduce NF to around 2 dB over a
much wider frequency range. Despite superior capability of the
CG LNA-1 having noise suppression, input mismatch occurs at
higher frequencies due to the effect of the input parasitic ca-
pacitances of , resulting in an inferior NF at higher frequen-
cies. In contrast, the CG LNA-2 not only extends the 3-dB gain
bandwidth, but also improves NF at higher frequencies. This
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Fig. 13. Comparison of NF for the studied CG LNAs under the wideband input
and noise matching condition. (The used circuit parameters are the same as those
shown in the caption of Fig. 11.)

is attributed to the extension of input matching and 3-dB gain
bandwidth at the same time.

III. CIRCUIT IMPLEMENTATION AND RESULTS

A. Circuit Design

The theoretical predictions are verified by implementing the
two proposed CMOS dual-feedback CG LNAs in a 0.18- m
1P6M CMOS process. Figs. 14 and 15 schematically depict
the circuit of CG LNA-1 and CG LNA-2, respectively, without
showing bias circuits. The parasitic effects of RF pads and
grounding bondwires are also considered in the design. In both
dual-feedback CG LNA designs, the -boosted feedback
utilizes the capacitor cross-coupled (CCC) technique [23],
resulting in when is larger than . More-
over, a superior is achieved using a differential amplifier
configuration. Therefore, the input matching condition for both
proposed CG LNAs is , where
denotes differential input impedance. Additionally, the positive
feedback is constructed using a symmetric transformer with
interlaced wires, as illustrated in Fig. 16(a) and (b) for use in
CG LNA-1 and CG LNA-2, respectively. These transformers
are mainly integrated on the top metal layer with a thickness
of 2.34 m. The magnetic coupling coefficient of the trans-
formers is estimated around 0.7. Therefore, the ratio should
be designed to be less than one to ensure the stability of the
proposed CG LNAs. For measurement purposes, the output
buffer of CG LNA-1 and CG LNA-2 consists of
and , respectively. More design details of both
proposed CG LNAs are given as follows.
1) CG LNA-1: As shown in Fig. 14, according to (4) and

(5), for simultaneously achieving dB and as min-
imum NF as possible over the entire 3-dB gain bandwidth, the

value of 30 mS for both and with a gate width
of 4 20 m and an value of about 0.6 are determined.
To obtain , the transformer is designed with a turn
ratio and a coupling coefficient by
selecting a metal spacing of m and a metal width of

m, as depicted in Fig. 16(a). The extracted element
quantities of the transformer from the Ansys-Ansoft HFSS elec-
tromagnetic (EM) simulation results at 8 GHz are nH
and nH.

Fig. 14. Circuit schematic of CG LNA-1 with a list of device information in
Table I and a bondwire inductance of about 0.8 nH.

Fig. 15. Circuit schematic of CG-LNA2 with a list of device information in
Table II and a bondwire inductance of about 0.8 nH.

Fig. 16. Symmetric plane transformers with interlaced wires for use as a pos-
itive feedback component in the designed CG LNAs. (a) CG LNA-1. (b) CG
LNA-2.

The value determines the voltage gain when the wide-
band input and noise matching has been done. The voltage
gain generally increases with . However, the linearity
issue should be addressed because a larger reduces the
overhead voltage of and . Hence, is
finally selected to ensure that both and are biased at
saturation region, thus satisfying the high linearity requirement.
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TABLE I
INFORMATION OF THE CIRCUIT ELEMENTS IN CG LNA-1

TABLE II
INFORMATION OF THE CIRCUIT ELEMENTS IN CG LNA-2

The complete information about the circuit elements in CG
LNA-1 is shown in Table I.
2) CG LNA-2: As shown in Fig. 15, according to (8) and

(14), simultaneously achieving dB and as min-
imum NF as possible over the entire 3-dB gain bandwidth in-
volves setting the value of both and with a gate
width of 4 12 m as 20 mS and an value of about 0.5.
To achieve optimum shunt-series peaking, the ratio of to

should approximate 0.75 while . Therefore, the
transformer is designed with a turn ratio
and a coupling coefficient to achieve minimum NF,
wideband input matching, and optimumBWER simultaneously.
The desired is obtained by selecting a metal spacing
of m and a metal width of m, as depicted in
Fig. 16(b), and is realized by a spiral inductor with a metal
width of 8 m. Notably, the transformer as shown in Fig. 16(b)
is specially designed in a dodecagonal shape to enhance quality

factor at higher frequencies. The extracted element quanti-
ties of the transformer from the Ansys-Ansoft HFSS EM sim-
ulation results at 8 GHz are nH and nH.
Additionally, the value at 8 GHz is 4.8 nH.
Similarly, the value determines the final voltage gain

once the wideband input and noise matching has been done.
Since an excessively large should be avoided to ensure the
operation of both and in the saturation region, the

value of 200 is finally chosen to satisfy the high lin-
earity requirement. The complete information about the circuit
elements in CG LNA-2 is shown in Table II.

B. Simulated and Experimental Results

Chips for both of the proposed CG LNAs are fabricated in
a 0.18- m 1P6M CMOS process. Shielding structures have
been realized on the metal–insulator–metal capacitors and
RF pads to reduce the noise coupling through the substrate.
Fig. 17(a) and (b) shows the chip microphotograph of CG
LNA-1 and CG LNA-2, respectively. The chip area of CG
LNA-1 and CG LNA-2 are 1.06 and 1.11 mm , respectively.

Fig. 17. Chip microphotograph of the designed CG LNAs. (a) CG LNA-1.
(b) CG LNA-2.

Fig. 18. Simulated and measured of the proposed CG LNAs.

Fig. 19. Simulated and measured of the proposed CG LNAs.

Both chips are measured on a 0.8-mm-thick FR4 board.
While operating at a supply voltage of 1.8 V, CG LNA-1
and CG LNA-2 consume dc power of 10.8 and 7.4 mW, re-
spectively. The external wideband baluns are used to convert
between single-ended and differential signals in the mea-
surement. Notably, the loss of wideband baluns needs to be
de-embedded beforehand. Fig. 18 compares the simulated and
measured values of the two proposed dual-feedback CG
LNAs. According to this figure, the measured less than
10 dB for CG LNA-1 is achieved over the frequency range

of 1–8.4 GHz. In contrast, the measured of less than
10 dB for CG LNA-2 covers 1.6–12.6 GHz. Fig. 19 com-

pares the simulated and measured of the two proposed
CG LNAs. The measured is below 10 dB over the
frequency range of 0.8–8 and 2–12.4 GHz for the CG LNA-1
and CG LNA-2, respectively. Fig. 20 compares the simulated
and measured of the two proposed CG LNAs. Within
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Fig. 20. Simulated and measured of the proposed CG LNAs.

Fig. 21. Simulated and measured of the proposed CG LNAs.

Fig. 22. Simulated and measured -factor of the proposed LNAs.

the 10-dB impedance matching bandwidth, the measured
results for both cases are below 35 dB.
Fig. 21 compares the simulated andmeasured of the two

proposed CG LNAs. The measured results of CG LNA-1
and CG LNA-2 are 13.5–16.5 and 10–13 dB within the 3-dB
gain bandwidth of 7 and 10 GHz, respectively. In the case of CG
LNA-1, the discrepancy of at higher frequencies between
simulated andmeasured results is largely due to the low factor
of the secondary winding coil of the transformer. Additionally,
the of CG LNA-2 is about 2.4 dB less than that of CG
LNA-1 at a middle frequency around 7 GHz. This finding is
expected because the voltage gain of CG LNA-2 is limited to a
certain range due to the constraint of (16).

Fig. 23. Simulated and measured NF of the proposed CG LNAs.

Fig. 24. Simulated and measured of the proposed CG LNAs.

Fig. 25. Simulated and measured of the proposed CG LNAs.

Fig. 22 shows the simulated and measured stability factor
of the two proposed CG LNAs. This figure reveals that uncondi-
tional stability is achieved over the entire frequency range of in-
terest. Fig. 23 shows the simulated and measured NF of the two
proposed CG LNAs. The measured NF of both proposed CG
LNAs is 1.9–2.6 dB within the 3-dB gain bandwidth. Clearly,
CG LNA-2 has a superior NF performance at higher frequen-
cies due to the extension of bandwidth for both input matching
and 3-dB gain drop.
Figs. 24 and 25 show the simulated and measured and
of the two proposed CGLNAs, respectively. Themeasured
of CG LNA-1 and CG LNA-2 is 2–3 and 0.1–2.2 dBm,

respectively. This finding suggests that the two proposed CG
LNAs have a superior linearity because the used transformers
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TABLE III
PERFORMANCE COMPARISON OF THIS WORK WITH THE STATE-OF-THE-ART WIDEBAND CMOS LNAs

: differential topology; : single-ended topology
: graphically estimated; : frequency range unavailable

do not yield a significant voltage drop to reduce the voltage
headroom of and . Moreover, the measured

of the two proposed CG LNAs averages about 46 dBm
within the 3-dB gain bandwidth.
Table III summarizes the performance merits of this work

with comparison to the state-of-art wideband CMOS LNAs. In
this table, [24] and [25] adopt a CS input stage, while all the rest
use a CG input stage. In comparison, this work has a superior
NF, gain, and linearity with respect to comparable power con-
sumption. Significantly, the proposed different dual-feedback
techniques reduce the NF of CG LNAs to a minimum value of
1.9 dB. The figure-of-merit (FoM) in this table is defined by (18)
[15], where gain and are the average of maximum and min-
imum values within the 3-dB gain bandwidth - , and

is power consumption. Obviously, the two proposed CG
LNAs have superior FoM to those in previous literature,

Gain linear - GHz
mW GHz

(18)

IV. CONCLUSION

This work involves designing two CMOSCG LNAs with dif-
ferent dual-feedback techniques to attain good input matching,
low NF, and high linearity over a wide frequency range. With
the dual feedback, CG LNA-1 adds a degree of freedom in the
design to relieve a difficult tradeoff between input and noise
matching, thus achieving a maximum gain of 16.5 dB and a
minimum NF of 1.9 dB. Additionally, CG LNA-1 further uses
the secondary winding coil of the transformer to perform series
peaking, subsequently extending the 3-dB gain bandwidth up
to 7 GHz. In contrast with CG LNA-1, CG LNA-2 remarkably
extends the input matching and 3-dB gain bandwidth through a
combined technique of dual shunt–shunt feedback and output
shunt-series peaking. Consequently, the NF of CG LNA-2
ranges similarly from 1.9 to 2.6 dB, but over an even larger
3-dB gain bandwidth of 10 GHz.
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