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Abstract.

This paper reviews and analyzes and reported low
noise amplifier (LNA) design techniques applied on
the cascade topology based on CMOS
technology:it is classical noise matching (CNM), ,
power constrained noise optimization (PCNO),
simultaneous noise and input matching (SNIM)and
power-constrained simultaneous noise and input
matching (PCSNIM) techniques. It is very plain
and perceptive sets of noise parameter terminology
are newly introduce for the SNIM and PCSNIM
techniques. It is based on the noise parameter
equations, this work provides clear understanding
of the design principles, the fundamental
limitations, and it has the advantages of the four
reported LNA design techniques so that the
designers can get LNA design perspective. As a
demonstration for this proposed design principle of
PCSNIM technique, a low power folded cascode
LNA is implemented based on 0.25 pum CMOS
technology for 900 MHz Zigbee applications. Its
measurement results show the noise figure of 1.35
dB, power gain of 12 dB, and I1P3 of -4 dBm while
dissipating 1.6 mA from 1.25 V supply (0.7
mA for the input NMOS transistor only). The
behavior of the implemented LNA shows good
agreement with theoretical predictions

INTRODUCTION

The operational amplifier is the most important
useful circuit in analog electronic circuitry and Signal
Processing. Designing and building an Operational
Amplifier consist various levels of complexities and
hence make it a device ranging from a dc bias
generation to high speed amplifications to filtering.
One of the important applications of Operational
Amplifiers seems in Analog Signal Processing where
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wide varieties of circuits are made up, Operational
Amplifier as a part. Also in in Laboratories,
Academia or institutions, it has very useful
components in industries as well. Operational
Amplifier also plays a very important role in Digitals
Circuit Design.

Operational amplifiers had origins in analog
computers, where they were used to have
mathematical operations in many linear, non-linear
and frequency-dependent circuits. Characteristics
of a circuit of an Operational Amplifier are set
using external components with little dependence
on temperature changes or manufacturing
variations in the Operational Amplifier itself,
which is making Operational Amplifiers popular
building blocks for circuit design. The circuit
symbol for an Operational Amplifier is shown
below,

Fig 1: Operational Amplifier structure

A. Classical Noise Matching (CNM) Technique
The classical noise matching (CNM) technique using
it was reported in [4]. In this technique, the LNA is
designed forminimum noise figure Fmin by showing
the optimum noise impedance Zopt to the given
amplifier, which is typically implemented by taking a
matching circuit between the source and the input of
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the amplifier. By using this technique, the LNA can
be properly designed to achieve NF equal to Fmin of
transistor, the lowest NF that can also be obtained
with given technology. However, due to the inherent
mismatch between Z opt and Zin * (where Zin * is the
complex conjugate of the amplifier input impedance),
the amplifier can have a significant gain mismatch at
the input. Therefore, the CNM technique need
compromise between the gain and noise performance.

B. Simultaneous Noise and Input Matching (SN1M)
Technique

Feedback techniques are adopted in designing low
noise amplifiers to shift the optimum noise
impedance Z opt to the required point. Parallel
feedback has been applied for wideband [10]-[12]
and better input/output matching [13]. Series
feedback has been taken to get simultaneous
noise and input matching without the degradation
of NF [14]- [17]. the series feedback with inductive
source degeneration, which is used to the common-
source or cascode topology, is used for narrow
band applications [5], [18]-[23].

PROBLEM ESTIMATION TECHNIQUES

1. Finite Gain: Operational amplifiers are
mainly used to intensify the input signal
and the higher its open loop gain the better
as in many applications they are used along
with a feedback loop, so ideal Operational
Amplifiers are characterized by a gain of
infinity.  For  practical  Operational
Amplifiers, the voltage gain would be
finite. Typical values for low frequencies
and small signals are A = 102 - 105,
corresponding to 40-100 dB gain.

2. Input impedance, (Zin): The Input
impedance of an Operational Amplifier
used for an ideal device has to be infinite to
avoid any current flowing from the source
supply into the amplifiers input circuitry.

3. Bandwidth, (BW): An ideal operational
amplifier has also an infinite Frequency
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Response and can be used to amplify signals
of any frequency. But as evident from the
frequency response curve below the gain of
the amplifier is not constant besides of
frequency and after the first pole it starts to
drop with a slope of 20dB/decade thus the
higher the frequency of the first pole the
higher the range of frequencies over which it
executes desirably.

Finite Linear Range: The linear relation

VO = A (Va-Vb) between the input and

output voltages are valid for some limited
range of Vy. Normally the maximum value
of V, for linear operation is smaller than the
positive dc supply voltage, the minimum
value of V, is positive with respect to the
negative voltage.

. Offset Voltage: The amplifiers output is

supposed to be completely free of common
potentials applied to inputs and is supposed
to be zero when the voltage difference
between the inverting and non-inverting
inputs is zero. For an ideal Operational
Amplifier, if Va = Vb then V, = 0. In real
devices, this is not true, and a voltage VO,
off # 0 will occur at the output for shorted
inputs. Since vO0,0ff is usually directly
proportional to the gain, the effect can be
more easily described in terms of the input
offset voltage Vin, off, defined as the
differential input voltage needed to get
v0=0 in the real devices. For MOS
Operational Amplifiers Vin, off is about 5-
15mV.

Common  Mode Rejection Ratio
(CMRR): The common-mode input
voltage is defined by Vin,c = (Va + Vb)/2
as contrasted along with the differential-
mode input voltage Vin,d = Va - Vb. The
differential gain AD and also the common-
mode gain AC which can be tested where
Ac = VO0/ Vin,c. The CMRR is defined as
AD/Ac or in logarithmic value CMRR = 20
logl0O(AD / Ac) in dB. Typical CMRR
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values for MOS amplifiers are in the 60-80
dB range. The CMRR measures how much
the Operational Amplifier can suppress
common-mode signals at all its inputs
terminal. These  represent undesirable
noise, and a large CMRR is an important
requirement.

Frequency Response: due to stray
capacitances, finite carrier motilities and
so-on, the gain A decreases at high
frequencies. It is to describe this effect in
terms of the unity gain bandwidth, that is
the frequency fO at which |A (f0)| = 1. For
MOS Operational Amplifiers, fO is in the
range of 1-10MHz. It can be measured
along with the Operational Amplifier added
in a voltage-follower configuration.

Slew Rate: For very large input step
voltage, some transistors in the Operational
Amplifier may be driven out of their
saturation regions or net cut-off. As a result
the output will follow the input on slower
finite rate. The maximum rate of change
dVO0/dt is called slew rate. It is not related
to the frequency response. For typical MOS
Operational Amplifiers slew-rates of 1~20
V/us can be obtained.

Nonzero Output Resistance: For this real
MOS Operational Amplifier, the open loop
output impedance is nonzero. It is resistive,
and is of the order of 0.1-5KQ for
Operational Amplifiers with an output
buffer, it can be higher (~1MQ) for
Operational Amplifiers with un-buffered
output. This affects our speed with which
the Operational Amplifier charges a
capacitor connected to its output and hence
the highest signal frequency.

Noise: The MOS transistor gives noise, which
can be described in an equivalent current
source in parallel with the channel of the
device. The noisy transistors in an Operational
Amplifier lead to a noise voltage von at the
output of the Operational Amplifier, can be
again modeled by an equivalent voltage source
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Vn = Von/A at the Operational Amplifier
input. but, the magnitude of this noise is high,
especially in the low frequency band where
the flicker noise of the input devices is high; it
is about 10 times the noise seen in an
Operational Amplifier fabricated in bipolar
technology. In a wideband (say in the 10Hz to
1MHz range), the equivalent input noise
source is of the order of 10~50uV RMS, in
contrast to the 3~5uv achievable for low-noise

bipolar Operational Amplifiers.

CONCLUSION

LNA based on the noise parameter expressions, the
design principles, advantages, and limitations of
each and every technique are discussed. With this
CNM technique, it can be designed for the
minimum noise figure Fmin of given technology
at any given amount of power dissipation.
However, the LNA typically experiences inherent
input mismatch problems.
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