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ABSTRACT

Simulation and analyzing the electrical characteristics of 0.24 micron CMOS
device was done by using Silvaco TCAD. Electrical characteristics were carried
out by using Atlas device simulator, while for simulation the process was
carried out by using Athena process simulator to modify theoretical values
and obtain more accurate process parameters. The electrical parameter was
extracted to investigate the device characteristics. Several design analyses
were performed to investigate the effectiveness of the advanced method in
order to prevent the varving of threshold voltage. The electrical characteristics
produce the graph of drain current versus drain voltage, 1, -V, and drain
current versus gate voltage, 1, -V, . From I -V can be obtained the threshold
. inowhich V., for NMOS transistor is lower than V' for PMOS
transistor which is 0.6695V and -0.9683 V respectively. The gate length L
obtained from the simulation for NMOS and PMOS is the same which is (.235
micron and it is nearest to the scale for this research work.

voltage, V

Keywords: P-channel MOS (PMOS), N-channel MOS (NMOS), 0.24 micron,
drain current (1), drain voltage (V). and gate voltage (V).
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Introduction

The electronic industry is the largest industry in the world with global
sales over one trillion dollars since 1998. In the early twenty-first century,
the industry has grown at an even higher rate to surpass the steel industry
(Sze & Kwok, 2007). Integrated circuit (IC) technology has not resulted
from reverse engineering of a crashed alien spaceship, as some UFO
fans claim. It has taken many thousands of scientists, engineers and
technicians more than 50 years of innovative, creative and industrious
work to make 1C technology what it is today. 1C chip technology has
changed our lives dramatically. Since then IC chips have been developed
in complexity and usefulness to the point that hundreds, if not thousands,
can be found in average households in developed countries. [C chips are
the backbone of the computer industry and have spurred related
technologies such as software and internet (Hong Xiao, 2002).

Much of the progress in semiconductor integrated circuit technology
can be attributed to the ability to shrink or scale the devices. Scaling
down MOSFETs has a multitude of benefits (Streetman & Sanjay, 2006).
Geometric scaling of MOSFET transistor dimensions has been the primary
method used to increase transistor speed and simultaneously reduce the
cost per function. State-of-the-art MOSFETs are now being fabricated
with effective gate lengths of only a few tens of nanometers, pushing
conventional Si-based technologies into the nanoelectronics regime (Olsen,
Kwa, Driscoll,Chattopadhyay & O’Neill, 2004).

The scaling theory, based on a constant electric-field, requires supply
voltage, threshold voltage, gate length, and gate oxide thickness to be
scaled down by a scaling factor. The doping level in the channel must be
scaled up by the same scale factor. The junction depth of source and
drain also needs to be scaled down to suppress the short-channel effect
(MOSFET scaling, 2009).

The MOSFET transistor has been scaled down by using the Constant
Field Scaling rules because it is easier and is assumed to avoid the high
field problems (Teoh & Razali, 2000).

When the need for a million transistors to be fabricated on a single
chip arises, power consumption becomes the first limiting factor for VLSI.
CMOS circuits have provided the most logical solution due to their
complementary nature of the n- and p-channel transistors, which consume
much less power. In addition, at submicron regions, the process complexity
of nMOS has become comparable to that of CMOS due to the scaling
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down of'device dimensions. Lastly, the performance difference between
nMOS and pMOS has reduced drastically due to velocity saturation,
thus making CMOS technology become more attractive in VLSI circuit
(Toh, Mohd Rais, Roy, Rahman & Bambang, 1998).

As aresult of the changing nature of integrated circuit manufacture,
the nature and role of TCAD design tools will involve new solutions. For
future hardware generation hardware designs, it is anticipated that web
based solutions will play an increasing role in achieving TCAD and virtual
prototyping aims for future and emerging technologies. Web-based
solutions are expected to primarily take the form of large, interactive
databases and de-localized compute engines (Campian, Profirescu, Alina,
Florin, Eugen & Claudiu, 2003).

Scope of Work

The objective of the project was to simulate the process of fabrication
and analyze the electrical characteristic for 0.24 micron NMOS and
PMOS devices. Before the fabrication of the 0.24 micron CMOS, each
process steps, ATHENA and ATLAS simulator in the SILVACO TCAD
tool simulation need to be understood.

Methodology

Figure 1 shows the fabrication process for this device while Table 1
summarizes the used implantation condition parameters used in NMOS
and PMOS fabrication.

The 0.24 micron devices should be tested electrically by using Silvaco-
Atlas simulation. It is used to measure the current versus voltage which
is in the form of | -V and | -V  graph. From |V ~graph, the drain
current I used in the NMOS and PMOS device at different voltage
gate applied could be obtained.

Furthermore, the threshold voltage, V| can be extracted from the
[,V graph. This value will be compared with real fabricated transistor.
The Figure 2 shows the [V graph (Lecture 3 Transistors, Wires, &
Parasitics, 2005).
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Electrical Characterization

The analysis results are shown in the graph of drain current versus drain
voltage, I -V ~and the drain current versus gate voltage, 1 -V . The
characteristic curves of I -V of NMOS and PMOS was shown in Figure
3. From Figure 3, the circle line indicates higher V and V  where
short channel eftect is more significant. This can be seen from the increase

A 4

Pattern and Etch Metal

Figure I: The Fabrication Process

of I as v, Increases.

The transistor can function when the threshold voltage, V  is in the
range of 0.5881V < V < 0.7593 for the NMOS and the PMOS is
-0.8314 <V, <-1.0732. The value of threshold voltage, V| can be found

from the 1 -V graph.
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Table 1: The Parameters of NMOS and PMOS

Process

NMOS

PMOS

Silicon substrate
Retrograde well

Gate oxide

V, adjust implant
Polygate deposit
LDD implant

Halo implant

Spacer deposition
Source/Drain implant

Final Rapid Thermal
Anneal (RTA)

e 1 x 10" ¢cm*boron
* <100> orientation

3 x 10" emboron

* 200 keV implant energy
* 30 min, 1000 °C

* 0.035 um gate oxide
*9.5x 10" emboron

* 45 keV implant energy
* 200 nm polysilicon

* 5 min, 900 °C

e 1 x 10" cm™arsenic

* 30 keV implant energy
e 3x 10" emboron

* 30keV implant energy
e 70 tilt

¢ 120 nm oxide

e 5x 10" cm™arsenic

* 60 keV implant energy
* 1 min, 1000 °C

* 1 x 10" ¢cm” phosphorus
* <100> orientation

* 6.8 x 10"" cm™ phosphorus
» 100 keV implant energy

* 30 min, 1000 °C

* 0.035 um gate oxide

*2.5%x 10" ¢cm~*boron fluoride
* 10 keV implant energy

» 200 nm polysilicon

* 5 min, 900 °C

* 5.4 x 10" ¢cm*boron

e 14 keV implant energy

* 583 x 10" ¢cmarsenic

» 28 keV implant energy

e 300 tilt

¢ 120 nm oxide

* 3 x 10" ¢cm**boron fluoride
* 20 keV implant energy

* 5 min, 900 °C
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Figure 2: The 1 -V . Graph for NMOS Transistor
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Table 2: The Comparison Threshold Voltages between Simulation
and Wafter Sample

Threshold Voltage, V] (V)
NMOS PMOS
Simulation 0.669503  -0.968358
Water Sample 0.4V 0.699V

From the Table 2, it is shown that the simulation result is in the range
value of threshold voltage, V for NMOS and PMOS device, therefore
the transistor is function as a normal transistor. From the wafer sample,
the threshold voltage is not in the range, so the transistor does not function
appropriately.

Material Characterization

Figure 4 shows the cross section of the final structure. Table 3 shows
the material composition in the 0.24 micron NMOS and PMOS. It is
shown that both devices exhibit 0.24 micron gate length after the

simulation.
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Figure 4: The Final Device Structure for (a) NMOS and (b) PMOS
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Table 3: The Materials Used for Component of Device of
0.24 micron NMOS and PMOS

Component of Devices NMOS PMOS
Substrate Silicon (S1) Silicon (Si)
Initial Substrate Boron (B) Phosphorus (P)
Retrograde Well Boron (B) Phosphorus (P)
Thick Oxide Layer Silicon Oxide (Si0,) Silicon Oxide (Si10,)
Halo Implant Boron (B) ' Phosphorus (P) '
Gate Terminal Polysilicon Polysilicon
Source/Drain Contact Tungsten Tungsten
Source/Drain Extension Arsenic (As) Boron Fluoride (Bf))
Source/Drain Implant Arsenic (As) Boron Fluoride (Bf:)
Conclusion

In conclusion, this project for the fabrication of 0.24 micron NMOS and
PMOS is successfully fabricated by using Silvaco TCAD tool and
analyzed. The analysis of the electrical characterization result shows
that the NMOS transistor operation has higher mobility than PMOS
transistor because the value of NMOS transistor is lower which is
0.6695V, than the value of PMOS transistor, which is -0.9683V. The
short channel effect is more significant when at higher V _and VIt can
be seen from the increase of 1 as V, increases. The simulation result
was also compared to the real fabrication transistor or the wafer sample
for the threshold voltage, V| value. It shows that the simulation result
has the value V  in the accepted range. On the other hand, the result
from the wafer sample is not in the range. Therefore, the simulated
transistor can function as a normal transistor.
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