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Abstract - A modified CMOS realization of ultra wideband
low noise power amplifier is proposed in this paper. A
method is presented for design of high frequency power
amplifier using 45nm CMOS technology. Techniques
including single stage amplifier with passive load,
differential amplifier and operational trans-resistance are
used. The goal is to highlight the efficient power amplifier
architecture for achieving low power dissipation, noise at
low power supply voltage. The unique behaviour of MOS
transistors in sub threshold region allowed a designer to
work at low input bias current with low voltage. Simulation
result shows that power amplifier provides amplification up
to 5GHz.Power consumption is 0.023mW with 1v supply.
Index Terms : Power amplifier, Ultra wideband, low noise,
CMOS technology

INTRODUCTION
In ultra wideband (UWB) systems, the power
level from the UWB transmitter should be small enough
not to interfere with the existing communication systems.
As a result, UWB systems need not require large
transistors as part of the power amplifier circuit and this
ultimately translates to lower power consumption.
Achieving a high gain and good impedance match over
the entire frequency band makes the design a challenging
task. Power Amplifiers (PA) are a key part of the RF
front-end in any transmitter. It is a very power-starving
block and usually the last stage of the transmitter end.
Power amplifiers boost the signal power high enough
such that it can propagate the essential distance over the
wireless medium. Typically, this power is delivered to an
antenna which acts like a load. The output power level
from a PA is determined by the application it is designed
for. It can range from a few milli-watt for home
networks to hundreds of watts at base stations. In a
narrowband application, the PA is designed for a
particular frequency range and all the parameters are
measured at that frequency. However, the frequency
range to be covered for UWB is of the order of several
GHz. So the PAs considered in this research target the
3.1 to 5 GHz range. Techniques used to design wide band
trans-receiver have become essential in recent years
mainly because of emerging applications. Traditional
techniques used for design narrowband low noise
amplifier such as adding an inductor at the load to
generate resonance at a certain frequency are not suitable
for wideband amplifiers. While maintaining low power
consumption to meet requirements across wide
bandwidth various topologies have been used. The goal
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of amplifier is to multiply the input signal by significant
factor. According to several authors power amplifiers are
designed by using different techniques such as distributed
Dr, differential, push-pull and operational amplifiers.
Interest has been devoted to the design Power Amplifier
by using concept of the operational trans-resistance
amplifiers and push-pull amplifier.
The Aim is to achieve the low power
consumption, high stability for amplifier block used in
trans-receivers. Power has become one of the most
important paradigms of design convergence for multi
gigahertz communication systems such as optical data
links, wireless products, microprocessor & ASIC/SOC
designs. Hence to have very low power consumption, this
work is decided to implement using CMOS technology.
The microelectronics has achieved a phenomenal
development, due to the rapid advances in integration
technologies. The number of applications of integrated
circuits in telecommunications, high-performance
computing and consumer electronics has been rising.
Typically, the required computational power of these
applications is the motivation for the fast development of
this field.
This development is expected to maintain, with
important implications on VLSI and systems design. One
of the most important characteristics of information
services is their need for very high processing power and
bandwidth. The devices must be more intelligent to
answer individual demands, and at the same time they
must be portable to allow more flexibility. More
composite functions are required in different data
processing and telecommunications devices; the need to
integrate these functions in a small package is increasing.
The levels of integration measured by the number of logic
gates in a monolithic chip has been progressively rising
for about three decades, mainly due to the speedy progress
in processing technology and interconnect technology.
The important significance here is that the logic
complexity per chip has been rising exponentially. This
work investigates the design of a CMOS Power Amplifier
for UWB applications. Due to the advantage and current
demand in communication technology, the effort has been
taken to design proposed Power Amplifier using 45 nm
CMOS technology.
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PRINCIPLE
The main novelties related to the 45 nm
technology are the high-k gate oxide, metal gate and very
low-k interconnect dielectric. The effective gate length
required for 45 nm technology is 25nm. The ever-growing
popularity of CMOS devices has made the main stream
technology for designing complex monolithic systems
with dense design, low power dissipation, low supply
voltage and highly automated synthesis. Proposed work is
aimed at to design Low Power, Low noise, High
performance, power amplifier using VLSI technology.
The 45nm transistor can switch on and off approximately
300 billion times a second. A beam of light travels less
than a tenth of an inch during the time it takes the 45nm
transistor to switch on and off [5].
Interest has been devoted to the design Power
Amplifier by using concept of the operational transresistance amplifiers (OTRA) and push-pull amplifier. The
OTRA is not slew limited like voltage op-amps. High
bandwidth is providing which is independent of the gain.
Hence, it does not suffer from constant gain bandwidth
product like voltage op-amps circuits. The OTRA is a
three-terminal analog building block that is defined by the
following three equations:
V+ =

0*[I+] + 0*[I-] + 0*[Io]
=>

V_ =

0*[I+] + 0*[I-] + 0*[Io]
=>

Vo =

Rm=0

Rm=0

Figure 1 shows schematic of power amplifier.
The CMOS realization of the proposed high open loop
gain power amplifier consist 20 PMOS. These transistors
are designed with large widths in order to lower the output
resistance. Design is necessary when a high current drive
is required the antenna dipole fo r r a d i o -frequency
emission, high output capacitor. It is based on the same
input stage of the Mustafa and Soliman OTRA proposed
while a differential gain stage is used in its place of the
single common source amplifier. The transistors Ma4–
Ma7 produce the non-inverting output, while the
transistors Mb4–Mb7 produce the inverting output. In this
structure second stage is mirror image of first stage. The
DC off- set current and increased the DC open loop transresistance gain reduces by adding the differential gain
stage. Width and length of each transistor in circuit
provide in table 1.

Transistors

W (µm)

L (µm)

M1-M3

1

0.04

M4

1

0.04

M5-M6

1

0.04

M8-M11

0.2

0.04

M12-M13

0.2

0.04

Ma4-Ma5

0.2

0.04

Mb4-Mb5

1

0.04

Ma6,Ma7,Mb6
and Mb7

1

0.04

Rm*[I+] + [−Rm]*[I−] + 0*[Io]
Table 1 Transistor aspect ratio of circuit

Where Rm is the trans-resistance
LAYOUT
The input terminals are virtually grounded, leading to
circuits that are in sensitive to stray capacitances. The
trans-resistance gain Rm approaches infinity and applying The layout of power amplifier circuit shown in Figure [2]
external negative feedback will force the two input is done using professional software microwind 3.1. The
layout has area 0.0084 mm2 , which is fairly small as
currents, I+ and I− to be equal[10].
compared to other power amplifiers. Parasitic extraction
and Post simulation is performed successfully.

Figure 1 : Low noise power amplifier with differential
pairs

Figure 2 Layout of Power Amplifier using 45nm
technology
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SIMULATION RESULT
Simulations at the schematic level were
performed using microwind 3.1 tool. Power consumption
can be calculated from DC simulations. Simulated output
voltage wave forms of differential trans-resistance
power amplifier shown in figure 3.Output voltages vo+
& vo-are amplified voltage of difference between two
input voltage with 1v operating voltage given by
clock3. Figure 4 shows simulated voltage and current
wave forms of power amplifier. It is evidence that current
depends on the input clock of power amplifier.
Figure 5 Static response between output voltage and
Static response between output voltage and input
clock of power amplifier shown in figure 5.It is obtained input clock of power amplifier
between vo- and clock 3. Linearity and output power
levels can be estimated from these simulations. Figure 6
illustrates simulated frequency waveforms of power
amplifier. Clock of 5GHz frequency applied to amplifier
which gives smooth output voltages without interfering
noise and fluctuations. It is found that this circuit
amplified the signal at 5GHz frequency with power
consumption of 0.197mW. Three diamentional view for
this layout shown in figure 7.

Figure 6 Simulated frequency versus time wave forms of
power amplifier.
Following data shows the analysis of power dissipation
variation of voltage from 0v to 1v.
For clock 3
Figure 3 Simulated output voltage wave forms of
power amplifier for two different input voltages.

For Vo+

Clock 3 (V)
Power (mW)
0.000
0.102
0.200
0.117
0.400
0.172
0.600
0.229
0.800
0.262
1.000
0.291
Vo + (V)
Power (mW)
0.000
0.255
0.200
0.249
0.300
0.242
0.600
0.233
0.800
0.219
1.000
0.197

Above data shows that, from parametric analysis of designed
ultra wideband low noise power amplifier .The power
dissipation vary for different voltage level. Power dissipation
for clock3 increases with increase in voltage, at 1V is found
Figure 4 Simulated voltage and current wave forms of
to be 0.291mW and power dissipation measured for Vo+ at
power amplifier.
1v is found to be 0.197mW, which show that power
consumption is very low. In this way very high efficient,
optimum area chip is design with low power of 0.182mW
and two outputs with stability.
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Figure 7 Three dimensional view of differential
operational trans-resistance amplifier
Three dimentional view of differential
operational trans-resistance amplifier obtained after
simulation shown in figure 6. Which shows P-substrate
(gray colour), n-diffusion (green colour), metal layer (blue
colour), poly-silicon material (red colour).
CONCLUSION
This paper provides layout design architectures for
differential operational trans-resistance power amplifier
along with simulation results. From simulation result of
push-pull power amplifier frequency curve shows
operating time 0.45 ns. Speed of amplification is high for
high frequency. It is found that this circuit amplified the
signal at 5GHz frequency with power consumption of
0.197mW. Simulation of differential operational transresistance power amplifier shows the power dissipation
vary for different voltage levels. This ultra wideband power
amplifier simulate at 5GHz.
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