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A B S T R A C T

The paper describes the design of a differential broadband LNA covering the frequency range from 800 MHz
to 5 GHz in 65 nm CMOS technology. The work proposes a novel linearization technique for high-frequency
wide-band applications using an active feedback as post-distortion. The technique is applied to a wide-band
differential common gate (CG) LNA employing noise cancelation method. Post-layout simulations exhibit that
the proposed technique increases IIP3 and P1dB considerably to +11.9 and +1 dBm, respectively at 1.8 GHz.
The LNA achieves voltage gain of 13.7–13.9 dB, noise figure of 3–3.28 dB, and S11 less than −10 dB, while
consuming only 16.5 mW. The layout schematic occupies 0.515 × 0.220 mm2 of chip area.

1. Introduction

Growing research on multi-band transceiver has sparked increased
in broad band linear Low Noise Amplifier (LNA) design. In addition
to linearity, a broadband LNA must be low noise figure, provide good
input matching and flat gain over the bands while consuming mini-
mum power and die area [1]. There are several approaches to reach
the more linear LNA which are based on IM3 cancelation using Low-
impedance termination, feedback, feed-forward, piece-wise-linear and
pre-post distortion techniques. The Low-impedance termination tech-
nique decreases IM3 which is caused by a product of fundamental sig-
nals and second order distortion component. Reducing IM3 by setting
input terminal to low impedance at dc and 2fRF is proposed in the
techniques. By utilizing low-impedance termination, the second order
distortion is suppressed at the input terminals [1,2]. The technique is
simple and works well but the on chip LC resonator consumes large
chip area. Feedback (negative or positive) technique which is utilized
in Ref. [3] is a good and formal way for linearization if the design
makes sure stability, noise figure, delay, and the return loss specifi-
cations. Feedback increases instability at high frequency and is also so
sensitive to noise of elements of feedback path. Also it reduces the inde-
pendency between the output and input nodes, so the input return loss
is depended on output load. Feed-forward as well is a tricky old lin-
earization technique which was used first time in power amplifiers. It
constitutes two pathes, the main path and the auxiliary path. The main
path amplifies signal and generates harmonics content at output. The
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auxiliary path evaluates the simultaneous cancelation of second order
and third order harmonic with minimum effects on linear component.
The cancelation occurs with summing (subtracting) the two paths. The
technique could also decrease the impact of higher order nonlinearity
[4]. However the two signal paths could increase noise figure, area, and
power consumption [5,6]. Piece-wise-linear is also used in some work
as linearization technique [7]. It is so sensitive to process variation,
mismatch, and temperature because it is based on biasing differences
between multi paths. Pre-post distortion was proposed first time in Ref.
[8] for LNA applications. It works well however the large number of
inductors requires large area. All previous approaches besides [7] uti-
lize inductors for tuning out large parasitic capacitors on signal paths.
In this paper a wideband fully differential linear LNA is proposed that is
used active feedback as Post Distortion technique in a 65 nm Standard
CMOS technology. Wideband matching and noise constraints are met
by Common Gate (CG) structure and noise cancelation technique used
in Ref. [9], respectively.

The paper is an extended version of [10] and is organized as fol-
lows. Section 2 presents proposed technique and describes design con-
siderations for wideband matching, nonlinearity and noise cancelation.
Section 3 presents simulation results and shows maximum achievable
linearity under noise and input matching constraints. Section 4 con-
cludes the proposed IM3 cancelation technique.
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2. Principle and circuit design

The schematic diagram of the proposed LNA is depicted in Fig. 1.
The LNA contains two amplifying stages in each differential path. The
first stage includes a CG and Common Drain (CD) amplifier which con-
stitute a cascode structure. Broadband input matching is provided by
utilizing CG structure and off-chip balun which tunes out input capac-
itances. Noise and distortion are canceled by using CD amplifier at the
output nodes OUTP and OUTN. The second stage consists of Common
Source (CS) and CD amplifiers which are utilized as a cascode struc-
ture. The stage provides an appropriate broadband linear gain for the
first stage to cancel noise and distortion at the output nodes. The pro-
posed LNA can drive large capacitive loads at the output with mini-
mum gain attenuation at higher frequencies because of low impedance
characteristics of the output nodes. Consequently, there is no need to
employ on-chip inductor at the output nodes as a bandwidth enhance-
ment technique.

2.1. Input matching

As mentioned previously, CG structure in conjunction with external
balun prepares a wideband input matching. Fig. 2 shows the schematic
diagram of the input matching at the input of the LNA. As presented in
Fig. 2, by ignoring effects of finite output impedance, the input reac-
tance of the LNA in each single path is calculated as:

Yin = 1
sLs

+ sCPAC +
(

gm + sCPAD
1 + (gm + sCPAD)sLWB

)
+ gm1 + Av2gm2(

gm1 + gm2 + 1
Zout

)
rds1

(1)

where Yin is the input reactance, gm1 and gm2 are the transconductances
of M1p,n and M2p,n respectively, CPAC and CPAD are parasitic capaci-
tances of the package and PAD respectively, Av2 is the gain of the sec-
ond stage, rds1 is the finite output impedance of M1p,n, Ls and LWB are
off-chip and wire bond inductances respectively and Zout is the output
impedance which is described as:

Zout =
1

sCout
‖Rout (2)

Fig. 2. The schematic diagram of the input matching.

where Cout is the output capacitance and Rout is the output resistance. As
described in (1), the input reactance of the LNA in a single path is equal
to gm1 if rds1 is large enough to ignore last term of (1) and supposing
that ((gm + sCPAD)sLWB) << 1 by paralleling two LWB, all input capaci-
tances are tuned out at interested covering frequency ranges by select-
ing a proper Ls as an off-chip inductor. Therefore by setting gm1 = 1

Rs
, a

broadband input matching is achieved.

3. Differential noise cancellation and noise analysis

The proposed noise cancellation utilizes the technique which is pre-
sented in Ref. [11]. The main concept of the technique is the noise
channel cancellation of the CG input transistor at the differential output
nodes while amplifying the input signal. The noise channel of CG input
transistor passes through two differential paths with the same polarity
and is cancelled at the differential output nodes. The channel thermal
noise of the CG-transistors injects into the impedances seen from the
input nodes and generates two uncorrelated noise voltages as follow:

V2
n1p = I2

n1p
||Zin(s)|| ||Rs||2 (3)

V2
n1n = I2

n1n
||Zin(s)|| ||Rs||2 (4)

Fig. 1. The schematic diagram of the proposed LNA.
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