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In this paper a wideband Low Noise Amplifier (LNA) is introduced which also converts the single-ended
input to differential signal at the output. It is based on common-source amplifier with active-feedback
to provide input matching. The proposed amplifier has the input matched from 500 MHz to 2.5 GHz. It
achieves the maximum voltage gain of 24 dB in this band, while the minimum noise figure (NF) is 2.35 dB.
The simulated OIP3 of this amplifier is equal to 21 dBm. The LNA has been designed and simulated in a
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1. Introduction

Wideband LNA can be used in a multi-standard or Software-
Defined Receiver (SDR) [1]. Wideband amplifier needs wideband
input matching which can be achieved by using common-gate
stage. This amplifier has high NF and low gain. Noise cancelation [2]
and cross-coupling techniques [3] can be used to improve the NF
and gain of the common-gate amplifier; these techniques trade the
power consumption and linearity to improve the amplifier noise
and gain values. In addition to noise-cancelation, the LNA circuit
in [4] converts the single-ended input to differential signal at the
output and can also be used as an active balun in the receiver.
Common-source (CS) amplifier with resistive [5] or active feedback
[6]is another implementation for a wideband amplifier. Wideband
LNA with active feedbackin [6] has high gain and low NF, but suffers
from nonlinearity of the feedback transistor.

The proposed balun+LNA circuit is a CS amplifier with active
feedback and differential output, it also cancels the nonlinearity
of the feedback transistor and therefore achieves better linearity
in compare to the single-ended amplifier [6]. Combining the LNA
and balun in a single circuit, alleviates the need for a standalone
balun at the input of the receiver. While with a single-ended LNA,
there should a balun after to drive the differential mixer [1]. In
either case, there is a balun in the receive path. If implemented
after LNA, this balun can be realized as an active or passive one.
Passive balun usually occupies large area on chip and introduces
loss in receive path and increases the NF value at the input of the
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receiver. Active balun can be used instead which take small area
on the chip, but raises the NF and degrades the receiver linearity.
Therefore, having the balun and LNA merged into a single circuit,
eliminates the drawbacks of using a standalone balun in receive
path.

Section 2 of this paper explains the balun-LNA circuit and
discusses different specifications of the design. In Section 3 the sim-
ulation results are given and finally some conclusions are drawn in
Section 4.

2. Balun-LNA

The schematic of the balun-LNA circuit is shown in Fig. 1. As
mentioned before, it is a CS amplifier with active feedback. The
cascode device Mc;s improves the reverse isolation of the amplifier.
As shown in Fig. 1 the proposed amplifier has differential output.
The feedback transistor M2 makes the other side of the differential
output. Using feedback transistor to make the differential output
also increases the amplifier gain. These advantages are achieved
without degrading the other circuit specifications.

2.1. Input matching
Input impedance of the amplifier at low frequencies is equal to,

1+ gmaRF

" gma(1 +gmiR1) M

in
where g1 and g, represent the transconductances of M1 and M2,

respectively. Referring to (1), gm1Rcs value is set by NF specification
whereas linearity requirement set the Rr value. Therefore, g,,,, is the
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Fig. 1. The circuit schematic of the balun-LNA circuit.

only variable which can be used to set the required input impedance
value to match the source. This value of g;» is determined by,

1
" R(gmiRi+1)—Rp
According to (2), the Rg value should be smaller than Rs(1 + g1 Rcs),

otherwise g, value will be negative which is not possible to be
realized by the proposed circuit in Fig. 1.

8m2 (2)

2.2. Gain and NF

In the proposed amplifier, voltage gain is given by,

Em18&m2
Ay = Ry, —————=—"—_R4R
v Em1 1+1 +gm2(RFHRBias) e

I 1+ gmalo2 3)
1+ (ro2/R2) + ((1 + gm2RpiasRF)/(&m2RpiosR2))

wherery; is the outputresistance of M2 and the third term accounts
for the contribution of M2 in common-gate mode. If we neglect the
third term in voltage gain equation, it would be like 1.5 dB reduc-
tion in gain value which is negligible. Then voltage equation can be
rewritten as,

Ay =gmRy (

8m2R2 )) (4)

1+ —————=—
1+ g2m2(RF|IRpigs

If gain of the single-ended amplifier in [6] be represented by Ays,
then gain of the amplifier in Fig. 1 can be written as,

n gm2Ro )
1+ gm2(Rr|Rpigs)

This equation (5) indicates that gain of the amplifier in Fig. 1 is
(14 ((gm2R2)/(1 + gm2(RF|IRgigs)))) times larger than gain of the
single-ended amplifier.

Knowing the amplifier gain, its noise value can be obtained.
Noise factor (F) of the amplifier is equal to,

Ay = Ays (1 (5)

F = Fgy + Fm1 + Fuvz + Fre + Fry + Fr, + Fry,, (6)

Assuming that frequency of operation of circuit is low for the
selected process, noise of the cascode device (Mcas) has been
neglected. Substituting the noise factor of circuit elements into (6),

then amplifier noise factor can be written as (7). After simplify-
ing and assuming matched condition, using g,,» value for complete
matching at the input then noise factor of the amplifier will be like

(8).
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According to (7) and (8), the noise of M1 and M2 will be reduced
with larger Rr values. In addition, a larger Rr value improves the lin-
earity [6] and therefore is desirable. The transistor M1 contributes
the most to amplifier noise; according to (8) its contribution can
be diminished by larger values for g1, although, larger g,;; values
will increase the power consumption of the amplifier.

Reducing the noise of M1 with larger values for Rg is not possi-
ble, indefinitely, because according to (8) the larger Rr values will
increase the noise of Rg itself as well and therefore will compensate
the improvement obtained in noise factor from M1.

2.3. Amplifier distortion

The distortion of the single-ended amplifier has been explained
in [6,7]. The nonlinearity of the feedback transistor M2 is the domi-
nant factor in amplifier distortion. This is due to large voltage swing
at the amplifier output that is applied to gate of the feedback tran-
sistor. The Rr is added to circuit to improve the linearity of the
feedback transistor. The IIP3 of the single-ended amplifier has been
derived in above mentioned references and the positive effect of Rg
on amplifier linearity has been shown.

In the proposed amplifier with differential output, assuming
that total distortion of the feedback transistor M2 can be modeled
by a current source between drain and source then it can be shown
that distortion of M2 can be canceled at the differential output [4].
The distortion of M2 is a major contributor to amplifier nonlinear-
ity; therefore by canceling its nonlinearity at the output, OIP3 can
be improved considerably.

It can be shown that the desired value of R, to have the optimum
distortion cancelation is,

Ry = RsgmR1 9)
2.4. Gain and phase imbalance

There is gain and phase imbalance between outputs of the dif-
ferential amplifier. This is due to difference between paths of input
signal to each individual output and so they are not completely
matched differential signals.

In order to remove these imbalances in gain and phase, although
the gain imbalance is quite negligible, a capacitor is inserted
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