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Abstract— a 2.4GHz CMOS low noise amplifier (LNA) and a
Mixer have been designed in 0.13um CMOS process. LNA is
single ended which provides good isolation between input and
output stages used for ultra wide band applications and Mixer
is differential which is easy to integrate at the output of LNA as
it is the most challenging block of the front-end receiver. Active
mixer topology has been used because of its superior gain and
noise figure when compared to passive mixers. Both LNA and
mixer have been fully integrated without off chip component
and due to their specific architecture both can be used for
Ultra Wide Band communication system.
With a 1.2 V supply ,the LNA and Mixer achieve power gain of
15 dB and 20dB, Noise figure of .22dB and 14dB, input third
order intercept point(IIP3) of -5.7dB dBm of LNA. The power
dissipation is 7.2 mW and 8mw respectively.
Simulation results for LNA and mixer show Gain, Noise figure
and IIP3 for respective components.

II. SINGLE ENDED LNA
A Single ended 2.4GHz LNA shown in fig-1. This
architecture has commonly used cascoded, which provided
good isolation between the input and output stages [2]. The
inductive degeneration topology is employed here to get
better noise performance for narrow band applications [5]. Ls
and Lg are used to make impedance matching at input; while
the output impedance matching can be obtained by tuning the
third inductor Ld and the capacitor CL. Typically both input
and output impedance are required to be 50 Ω. Cin is DC
blocking capacitance at RF input terminal.

Index Terms— cmos, mixer, low noise amplifier, radio
frequency, radio frequency receiver, ultra wide band wireless.

I. INTRODUCTION
Low noise amplifiers (LNA) are one of the basic building
blocks of any communication system. The purpose of LNA is
to amplify the received signal to acceptable levels with
minimum self generated additional noise. Gain, NF,
non-linearity and impedance matching are four most
important parameters in LNA design. A frequency mixer is a
3-port electronic circuit, two of the ports are “input” ports
and the other port is an “output” port. The ideal mixer
“mixes” the two input signals such that the output signal
frequency is either the sum (or difference) frequency of the
inputs as below,
Fout = fin1 ± fin2
The nomenclature for the 3 mixer ports are the Local
Oscillator (LO) port, the Radio Frequency (RF) port and the
Intermediate Frequency (IF) port. The LO port is typically
driven with either a sinusoidal continuous wave (CW) signal
or a square wave signal. The choice to apply a CW or square
wave signal depends on the application and the mixer.
Conceptually, the LO signal acts as the “gate” of the mixer in
the sense that the mixer can be considered “ON” when the
LO is a large voltage and “OFF” when the LO is a small
voltage. The LO port is exclusively used as an input port. In
this paper we present 0.13um CMOS 2.4GHz LNA and
Mixer. LNA is single ended and Mixer is differential . Design
consideration of LNA and MIXER are discussed in section II
and IV respectively. Simulation results are presented in
section III and V.

Fig. 1. Single Ended LNA Circuit

TABLE I
LNA Design Circuit Parameters
M1(W)=390u
m
M2(W)=70um

Ls=4.4nH

RBIAS=1.1KΩ

VDD =1.2V

Lg=10nH

RRE F=250Ω

CB =10pF

M3(W)=70um

Ld= 4.4nH

CL =1Pf

The first step in the design procedure is to determine the
MOS transistor size in input stage .The optimum device
width is 390um to minimize the noise figure.
Input resistance, Zin = jω(Lg+Ls)+ 1/jωcgs +gmLs/Cgs
for matching Lg +Ls are canceled out by Cgs. So at frequency
of interest, ωo (Lg +Ls) = 1/ω0cgs and
Rs =50Ω = gmLs/Cgs [4]. Zin behaves like pure resistor and
it also depends upon Cgs and Ls. Input resistance should be
low that is equal to 50Ω so I have to put low value of Ls, but
for doing so I get low cut of frequency but this problem can be
eradicated by adding one extra inductor Lg in series with the
supply voltage so that sum of these two inductor produces
resonant at high frequency. Reverse isolation is removed by
681

All Rights Reserved © 2013 IJARCSEE

ISSN: 2277 – 9043
International Journal of Advanced Research in Computer Science and Electronics Engineering (IJARCSEE)
Volume 2, Issue 10, October 2013
adding NMOS transistor M2 whereas NMOS (M3) provides
biasing. Fig.2 shows S-parameter (Gain) of LNA. Fig.3
shows Noise Figure and minimum NF. Fig 4 shows IIP3
point of LNA.

III. SIMULATION RESULTS OF LNA

Fig. 4. IIP3 Point of LNA

IV

Fig. 2. LNA S-Parameters

Fig. 3. LNA NFmin and NF

MIXER

In recent years, CMOS RF integrated circuits (RFIC) for
wireless communication in the 2.4 GHz frequency range
have gained much interest owing to their potential low cost
and the prospect of system level integration [2]. The most
challenging building block in the front-end receiver is the
mixer. The popularity of direct conversion architecture has
been increased because of possibility for low power, low cost,
and system-on-chip (SOC). In mixer design, the
characteristics of the linearity, the noise figure will affect the
performance of front-end receiver.
Fig.5 shows the schematic of the traditional Gilbert mixer
[3]. The radio frequency (RF) input signals RF+ and RF−
flow in the transconductance stage composed of transistors
M1 and M2. The local oscillation (LO) signals LO+ and LO−
are differentially injected into the switch stage consisting of
M3-M6. R1 and R2 are the mixer’s load resistors. The
intermediate frequency (IF) output signals IF+ and IF− are
differentially produced through the load resistors R1-R2 and
the switch stage M3-M6. Firstly, the design of low-voltage
low-power consumption mixer is difficult to implement.
M1-M2 NMOS pairs and M3-M6 NMOS cross-coupling
cells stack between power supply and the ground, which has
decreased the available voltage headroom. The system must
supply a very high power supply voltage to ensure a certain
linearity, which has greatly restricted the decrease of power
supply voltage. Secondly, the trade-offs between the linearity
and noise, the linearity and conversion gain have become
much more difficult to realize. If the transistors M3-M6 in
the switch stage were taken as ideal switches, the whole
mixer’s linearity would be mainly determined by the
transconductance stage, and the nonlinearity of the CMOS
mixer would be caused by the square law characteristic of the
MOS transistors of transconductance stage. Therefore,
reducing the nonlinearity impact of transconductance stage
on the mixer will perfect the whole mixer’s linearity. The key
factors affecting the noise performance of CMOS mixer are
resistor thermal noise, metal oxide semiconductor (MOS)
transistor thermal noise and flicker noise [1].
For low-frequency CMOS down-conversion mixer, flicker
noise is the main low-frequency noise. For the resistor, it has
flicker noise only when the direct current flows by. With
regard to the MOS transistor, the decrement of flicker noise’s
corner frequency comes with the increment of the gate’s
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width and length, which means increasing the gate source
parasitic capacitance Cgs, could reduce the flicker noise

Fig. 7. Voltage conversion Gain versus RF Frequency (PSS)

Fig. 5. Gilbert Mixer Circuit

V

SIMULATION RESULTS OF MIXER
TABLE II
MIXER DESIGN CIRCUIT PARAMETERS

W(M3) =6um
W(M4) =6um
W(M11) =3um
W(M8) 3um
W(M5) =3um

W(M6) =3um
W(M10) =6um
W(M9) =6um
W(M2) =6um

R1 =100Ω
R2 =100Ω
R3 =250Ω
R4 =1100Ω
R5 =1100Ω

Fig. 6. Voltage conversion Gain versus the LO Signal
Power

Fig. 8. Noise Figure of Mixer
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