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The Energetically Favorable Configurations For Forming
Silicon Nanostructures

R.Khatri*
*Department of Physics, DAV College, Abohar India

ABSTRACT

( )

Using density functional calculations, we show that the energetically favourable configurations of
silicon monoxide clusters (SiO)n for n > Sfacilitate the nucleation and growth of silicon
nanostructures as the clusters contain sp3 silicon cores surrounded by silicon oxide sheaths. The
frontier orbitals of (SiO)n clusters are localized to a significant degree on the silicon atoms on the
surface, providing high reactivity for further stacking with other clusters. The oxygen atoms in the
formed larger clusters prefer to migrate from the centers to the exterior surfaces, leading to the

growth of sp3silicon cores.

. J/

Introduction

Silicon (Si1) suboxide clusters have drawn much attention since they play a crucial role in the oxide
assisted growth of silicon nanowires (SiNWs) [1-3] . Their predominant role in the synthesis of SINWs
has been revealed in many experiments in which high yields of nanowires surrounded by SiO, sheaths
were obtained by either thermal evaporation or laser ablation of Si powder mixed with SiO2 or simply
Si0 [1-3]. Interestingly, the maximum yield of SINWs compared to that from a metal containing target
was achieved when the chemical compositions of silicon and oxygen in the source are equal, whereas
hardly any or no SINWs can be obtained with pure SiO, materials [2]. This indicates clearly that
gasphase Si suboxide clusters, especially silicon monoxide clusters, generated by evaporation of
sources containing Si and SiO2 or SiO, play an important role in the nucleation and growth of SINWs.
Obviously, the mechanism of oxide assisted growth is quite different from the classical vapor liquid
solid mechanism involved in metal catalyzed growth [1,4,5]. To understand the oxide assisted
formation process, the exploration of silicon oxide clusters with wider ranges of sizes and oxygen

rations is highy desirable.

Small silicon oxide clusters SinOm (n,m = 1-8) have been studied both experimentally and theoretically
[6-10]. Planar and buckled ring configurations have been oxygen rich clusters were predicted to be
rhombuses arranged in a chain with adjacent ones perpendicular to each other. Although Si suboxide

clusters are shown to be highly reactive to bond with other clusters and prefer to form Si-Si bonds based
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on the analysis of their frontier orbitals [11], no direct theoretical evidence on te formation of sp3 Si
cores inside Si oxide clusters has been presented so far due to insufficient knowledge of Si suboxide
clusters with a wider range of sizes. However, such clusters are expected to lead to nucleation of Si
nanocrystals via the combination of small Si suboxide clusters. We study the energetically most
favourable configurations of Si monoxide clusters (SiO)n for n ranging from 3 to 21 and their
corresponding electronic properties calculated using density functional theory (DFT), with the aim to

elucidate the oxide assisted growth process of SINWs.

Calculations

Our calculations were conducted at DFT level using the GAUSSIAN 98 package [12] and a SIESTA
code [13]. B3LYP/6-31G* of DFT have accurately reproduced the properties of SinOm obtained from
both experiments and other high level calculations [6,9,10,14]. SIESTA adopts a localized linear
combination of numerical atomic orbital basis sets for the description of valance electrons and norm
conserving nonlocal pseudopotentials[ 15] for the atomic core to improve its computational efficiency.
The generalized gradient approximation corrections in the form of Perdew, Burke, and Ernzerhof]16]
and the double-C plus polarization orbital basis sets were employed throughout the SIESTA
calculations. The energetically more favourable structures of (SiO)n clusters were searched with
various designed initial configurations which were first annealed at 500 K for 2 ps with a Verlet
algorithm using SIESTA with a force tolerance less than 0.01 eV/A. For small (SiO)n (n<11), the
relaxed structures using SIESTA were further optimized using B3LYP/6-31G* calculations were
performed with the structures optimized by SIESTA based on the finding that the optimized
configurations obtained using B3LYP/6-31G* and SIESTA were very close, with the difference in bond
lengths and bond angles being less than 1.7% and 3.6%, respectively, for small clusters, Binding
energies were calculated from the difference between the total energy of a cluster and the energies of the
corresponding isolated spin polarized Siand O atoms.

183N o'e} @;

(a) n=3 (b) n=4 () n=5 (d)n=6

(h) =15 (L L MHno=21 %4

FIG.1. The structures of silicon monoxide clusters (SiO)n, The open circles containing starts
represent Si atoms in Si cores, the open circles containing stars represent Si atoms in Si
cores, the open circle the unsaturated Si atoms, and the filled smaller circles O atoms.
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The energetically most favorable configurations of the (SiO), and (SiO), clusters are the planar and
buckled-ring configurations [6,17], respectively, as shown in Fig. 1. For the (SiO); cluster, the one
involving a Si-Si bond (Si cored), as shown in Fig. 1, is energetically more favorable than the buckled
structure. The total binding energies of buckled and Si-cored isomers at different levels of calculations
are given in Table I. The data clearly show that the Si-cored structure is more stable than the buckled
configuration by about 0.3 to 0.4 eV due to the formation of a four-coordinated Si atom in the center of
the cluster. The energetically most favorable configurations of larger representative clusters (SiO)n for
n ranging from 6 to 21 are presented in Fig. 1 as well. The following characteristics are observed: (1) a
Si core (represented by the open circles containing stars in Fig. 1 surrounded by a silicon oxide sheath is
involved; (2) the Si-Si bonds prefer to form in the center rather than at the cluster surface so as to reduce
the strain caused; (3) most of the Si atoms in the Si core have three or four coordinates with Si-Si-Si
bond angles close to 1090 (the value found in silicon crystal), which is quite different from that of pure
Si clusters of the same size [ 18]; (4) with increasing cluster size, the size of the Si core increases and the
fraction of Si atoms with three and four coordinates increases correspondingly, making the cluster more
stable; and (5) starting at n = 18 all of the Si atoms in Si cores are four- coordinated, indicating the
formation of sp3 Si cores similar to the configuration in the Si crystal. Figure 2 depicts the binding
energies of (SiO)n clusters containing Si cores as a function of n, together with those containing
buckled structures. It is clear that: (1) the configurations containing Si cores become energetically more
favorable than the buckled structures for n=>5 and larger; and (2) the cluster becomes increasingly more
stable with increasing Si core size. As the two structures from n =5 to n =8 in Fig. 2 are close in energy,
we further estimate their relative population at 900°C (the growth temperature of SINWs [3] by
assuming the process is at equilibrium and described by the Boltzmann factor exp[-E/kT], where k is
Boltzmann's constant, E is the energy difference, and T is temperature in Kelvin. The results shown in
the inset in Fig. 2 confirm that the structures containing Si cores still play the major role at such a high
temperature starting at a size as small as n= 8. To understand the formation of Si cores, we calculated the
binding energies of some (SiO)n clusters with the configurations in which an O atom resides in the Si
cores. We found that all of these configurations are energetically less favorable than those with the O
atom located at the cluster surface, due to the higher strain caused, indicating that they are metastable.
Moreover, the difference in binding energy between the metastable structure and the most stable
configuration becomes increasingly larger with increasing cluster size. For example, for the (SiO);
cluster the energy difference is 0.37 eV [Fig. 3(a)], whereas for the (Si0), cluster the energy difference
increases to 0.90 eV. We considered three different isomers of the (SiO),,cluster with an O atom residing
in different sites from the center to the surface of the cluster, as shown in Fig. 3(b). The most stable
configuration is the one with O located on its surface with a total binding energy of 211.74 eV, while the

binding energy decreases as the O atom moves from the surface into the cluster (from 209.43 to 208.42
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eV). Based on these results, we conjecture that the O atom can migrate from the center of the silicon

monoxide cluster to its surface via bond switching, resulting in the formation of sp, Si core.

TABLE I. Total binding energy (eV) of the isomers of _SiO_35 cluster. '"Buckled'' was
presented in Ref. [17], and ''Si-cored' is shown in Fig. 1(c). MP2 refers to MP2/6-31G*;
MP2/SIESTA represents MP2/6-31G*//SIESTA; DFT is B3LYP/6-31G*; and DFT/SIESTA
stands for B3LYP/6-31G*//SIESTA.

MP2 MP2/SIES DFT DFT/SIES SIESTA
TA TA

Buckled -46.974 -46.8134 -47.092 -46.8827 | -52.1547
Si-cored | -47.4175 | -47.2597 -47.397 -27.2419 | -52.9616
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FIG. 2. Binding energy (eV/atom) of (SiO)n clusters versus n.
The up triangles are (SiO)n with the Si-cored structure surrounded by a silicon oxide sheath,

and open circles are those with buckled-ring structure. The inset shows the relative population

of the former (NA) and the latter (No) structures at 900°C.

The estimated migration barrier is about 1.79 eV for the (SiO);, cluster [see Fig. 3(a)], which is close to
the energy barrier (~1:3 eV) of the O atom diffusing in Si crystal in the oxidation process [19]. It is
expected that the high strain involved in the (SiO)n cluster may cause the O atom to migrate to the
surface. Similarly, the study of SiO,=Si(100) interfaces showed that stress release via excess atom (Si)
emission is essential and universal [20]. The electronic structures of (SiO)n clusters have been analyzed
to reveal their chemical reactivity. The energy gaps between the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital are found to be 2.0-4.5 eV, which is much lower

than that for silicon dioxide clusters of the same size [9,14], indicating that (SiO)n clusters have higher
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chemical reactivity [11]. More importantly, the HOMO is localized to a significant extent on the Si
atoms at the cluster surface, as revealed by density-of-state decomposition [11], making these regions
the likely reactive sites. The combination of these clusters may easily occur through the Si-Si bonding
between them, forming larger clusters. Subsequently, the reconstruction and O migration will give rise
to the formation of a (SiO)n cluster containing a large sp3 Si core. However, this process cannot be
revealed with molecular dynamics simulations due to insufficient simulation time (computations using
currently available facilities could be performed at most for a few picoseconds) and the high energy
barrier of O migration in (SiO)n clusters. Nonetheless, the migration of O atoms in (SiO)n clusters
could be driven by the heat released in the reconstruction process and/or by the strain involved in the

large clusters formed by the combination of small clusters.
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FIG.3. (color). Possible path of O atom migration from the center of a (SiO)n cluster to its
surface; (a) (SiO), and (b) (Si0),,.

The structural transition to the diamond structure in Si clusters as the cluster size exceeds a critical value
(300— 500 atoms) has been revealed both experimentally and theoretically [18,21,22]. Similarly, the
possible structural transitions are deduced here for (SiO)n clusters, making these clusters act as nuclei

or precursors for the subsequent growth of Si nanostructures.

Considering that the Si atoms in the Si core have the character of sp, hybridization similar to thatin Si
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crystal, the critical size [n = 18; see Fig. 1(I)] for the structural transition is seen to be much smaller than
that of pure Si clusters (400—-500 atoms) [18]. It is also noteworthy that the structure of the sp3 Si core
surrounded by the silicon oxide sheath in our calculation is still slightly different from the tetrahedral
structure in a Si crystal but is more like the hexagonal structure that has been studied theoretically [23]
and experimentally [24]. A transition from the hexagonal to the tetrahedral structure may be expected at
a certain size so that the (SiO)n clusters are suitable to act as the nucleus and precursor for the
subsequent growth of Si nanostructures such as SINWs. We now discuss the nucleation and growth of
Sinanostructures, in particular, SINWs [2,3], from these clusters. In an experiment using Si0O powder or
a mixture of Si and SiO2 powder as the source, the evaporated (SiO)n clusters deposited on a substrate
would be anchored due to their high reactivity at Si sites. The deposited clusters would act as the nuclei
to absorb (Si0)n clusters from the vapor because of their remaining reactive Si atoms facing outwards
from the substrate. A Si core would start to form at a size of n=5. The nuclei containing a Si core would
grow larger with the assistance of O diffusion from the core to the surface layer during deposition. The
O diffusion length depends on the temperature and the crystallographic orientation of the crystalline
core formed, leading to the formation of SINWs with different crystalline orientations such as <110>
and <112>, as observed in our experiments [3]. It is worth noting that the above process may be
similarly responsible for the ready formation of Si nanocrystals in the sp3 configuration from
amorphous SiO [25,26]. To conclude, using DFT calculations we show that the energetically most
favorable structures of silicon monoxide clusters (SiO)n forn> 5 contain a sp3 Si core surrounded by
a silicon oxide sheath. Because of their high chemical reactivity, a combination of these clusters may
easily take place, forming clusters with a large sp3 Si core via subsequent reconstruction and O
migration from the center to the surface of the clusters. The crystalline Si cores thus formed can act as

nuclei and precursors for subsequent growth of Sinanostructures.
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Study In Application Of Nanotechnology To Achieve Water
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ABSTRACT

4 )\
1o obtain water repellent polyester non woven fabric. Fabric was treated with silica nano particle

and commercially available water repellent agent. Silica nano particle was synthesized by using
stobermethod, fabric was treated with silica nano particle and combination of both silica nano
particle and water repellent agent and compare.For fabric treated with water repellent agent shows
the rating of 80 for 35gpl and fabric treated with combination of both shows the rating of 100 for
35gpl that is super hydrophobic surface.

Keywords: Nanoparticles, Nanosilica, Superhydrophobicity, Self-Cleaning, Surface Energy.

.

Introduction

For many years, people have been attracted by the self-cleaning property of the lotus leaf, and dream to
develop man-made super hydrophobic surfaces. Superhydrophobic and self- cleaning surfaces exist
widely in nature. Butterfly wings, legs of a water strider and leaves of some plants are good examples.
Thanks to the innovation of scanning electron microscopy, today, scientists know the plant's ability to
repel water and dirt results from the super hydrophobicity, due to the combination of micrometer-scale
hills and valleys and nanometer-scale waxy bumps, in combination with the reduced adhesion between
surfaces and particles. A surface with water contact angle large than 150° and a low sliding angle (the
critical angle where a water droplet with a certain weight begins to slide down the inclined plate) is
usually called a super hydrophobic surface. A combination of low surface energy and adequate surface
roughness is necessary to obtain super hydrophobic and superoleophobic surface. High contact angles
are achieved by reducing the surface energy of the solid surface and increasing its roughness in an
appropriate manner, thus reducing wetting. Techniques involved in developing such surfaces include

plasma treatment, chemical etching, chemical vapor deposition, lithography, and so forth. [1, 2, 3,4]

Principle Of Super Hydrophobicity
Wetting of a solid surface is dominated by three interfacial tensions and can simply be evaluated
by the spreading parameters(S).

(1) S=ySV—(ySL+ySV)
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Ifthe spreading parameter S>0, the liquid tends to spread completely on the solid. While for
S<0, the liquid partially wetsthe solid and forms a spherical cap with a contactangle ©C, which
is usually used for quantitative characterization of the wetting phenomena. The value of the angle
is determined by three surface tensions where the chemical potential in the three phases should be
at equilibrium. Therefore, the contact angle relationship ©C derived by balancing the three tension

forces onto the solid surface

(2) cos (Bc) = ysv—yst

Yuv

This is Young's equation for the determination of contact angles. [5]

2. Materials And Methods

2.1. Materials

> Fabric/substrate sample - 100% Polyester Spunlace Nonwoven fabric

Table 1: Fabric specifications

100% Polyester nonwoven fabric

Fabric thickness (mm) 0.4
GSM 40
Air-permeability (cm®/cm?/s) 73.2
> Chemicals used:
Chemical Name Function
TEOS (tetraethyl orthosilicate) Chemicals used for the
Ethanol synthesis of Silica
Ammonia Nanoparticles
TUBIGAURD water repellent agent
Magnesium chloride stabilizer for water repellent agent
Acetic acid pH maintainer

2.2 Methods

Synthesis of silica nanoparticles:

The silica nanoparticles were prepared by the modified Stober method of hydrolysis, dehydration and
condensation of TEOS as a precursor. Firstly a mixture of 0.2 mol tetraethyl orthosilicate and 2.5 mol
ethanol was prepared, then it was mixed with the mixture of 2.0 mol distilled water, 2.5 mol ethanol and
0.05 mol ammonia solution. The synthesis was carried out for 3 hours at 30°C. The following tables

show the chemical composition for the synthesis of silica nanoparticles. [6]
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Table 1.1: Recipe for the synthesis of silica nanoparticles

Sr. No Chemical Concentration (Mol)| Solution No.
1 TE .
05 0.2 Solution 1
2 Ethanol 2.5
3 Water 2
4 Ethanol 2.5 Solution 2
5 Ammonium hydroxide 0.05
Solution 1 + Solution 2 —® Stirring at 30°C for 3 hours.

Sr. No TEOS Ethanol Water | Ethanol | Ammonium hydroxide

| (Mol) (Mol) (Mol) (Mol) (Mol)

1 0.2 2.5 2 2.5 0.05

2.2 Application of Silica Nanoparticles and the Water Repellent Agent on polyester nonwoven

fabric:

The polyester nonwoven fabric considered as the substrate to be applied is padded with the silica sol

that was prepared earlierusing a laboratory padding mangle. The padded fabric samples were then dried

at room temperature to maintain residual moisture content 8 — 10%. The dried fabric samples were

cured at 140°C for 3min. Then these fabric samples were again padded with the water repellent agent

with varying concentration from 15gpl — 40gpl. The padded fabric samples were the dried at room

temperature and cured at 140°C for 3min. The following table shows the chemical composition for the

water repellent finish.

Table 2: Recipe for Water Repellent finish

Sr.No Chemical Concentration
1 TUBIGAURD 15, 20, 25, 30, 35, 40 gpl
2 Magnesium chloride 12 gpl
3 Acetic acid Add to maintain pH of 4.5 -5

The following table shows the chemical Composition of water repellent agent and silica nonoparticles

for water repellent finish.

Table 3: Composition of water repellent agent and silica nanoparticles for water repellent

finish
Sr. TEOS | Ethanol | Water [ Ethanol | Ammonium hydroxide | Water Repellent Agent
No. (Mol) (Mol) (Mol) | (Mol) (Mol) (gpl)
1 0.2 2.5 2 2.5 0.05 15
2 0.2 2.5 2 2.5 0.05 20
3 0.2 2.5 2 2.5 0.05 25
4 0.2 2.5 2 2.5 0.05 30
5 0.2 2.5 2 2.5 0.05 35
6 0.2 2.5 2 2.5 0.05 40
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Each of the fabric samples treated with the silica nanoparticles as per the recipe mentioned above is

further treated with the Water Repellent agent of concentrations ranging from 15 —40 gpl as mentioned

intable 2.

Test Standards

Spray Rating TestAATCC 22, ISO 4920

Air-permeability— ASTM 738-04

Hydro-static head pressure test

SEM-JOEL JSM 636

3. Results And Discussions

3.1 Characterization:-

Scanning Electron Microscope (SEM) is used to characterized the surface morphology of treated

fabric. It was observed that, due to the presence of silica nanoparticles fabric shows the scaly

appearance on the surface, which made the surface rougher & enhance the water repellency. Figure 1

shows, the SEM image of polyester nonwoven fabric treated with silica nanoparticles & figure 2 shows

the SEM image of Polyester Nonwoven fabric treated with both silica nanoparticles and water repellent

agent . The figure 2 shows the water repellent agent forms an oily layer on the silica nanoparticles just

like lotus leaves. Here silica nanoparticles act as an epidermal cells and water repellent agent as waxy

bumps which results in superhydrophobicity on polyester nonwoven fabricfabric.

ZB kL X1, BB

“Figur 2. SEM image of polyester nonwoven fabric treated with both silica nanoparticles and

water repellent agent
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3.2 Effect of concentration of water repellent Agent on Water Repellency Rating- SprayRating.

Spray Rating

“Table 4. Effect of concentration of water repellent Agent on Water Repellency Rating-Spray

Rating”

Values of spray test ratings

Water repellent agent

Spray Rating

15 g/l 20g/1 25 g/1 30 /1 35 g/l 40 g/1

Water Repellent agent

Values of Spray Test Rating

M Finished with silica nano
particle and water

repellent agent

m Finished only with water

repellent agent

15 g/l 20g/l | 25g/l 30g/l 35g/l | 40g/l
Finished with silica nano particle 50 30 100 90 100 100
and water repellent agent
Finished only with water 70 70 30 80 30 90
repellent agent
Spray Rating

“Figure 4.Effect of concentration of water repellent Agent on Water Repellency Rating-Spray

Rating”

From the above table 4 and Figure 4 it is observed that the fabric finished with only water repellent agent

shows the increase in water repellency rating from 70 for 15 g/l to 90 for 40 g/I, while fabric finished

with combination of water repellent agent and nano silica particle shows increase in spray rating from

50 for 15 g/l to 100 for 40 g/1. The fabric finished with combination of water repellent agent and nano

silica particle shows the rating of 50 for 15 g/, it is because of the random alignment offibres in non

woven fabric. From the graph and table it is observed that 25 g/I gives optimum result.

3.3 Effect of Concentration of Water Repellent Agent on Air Permeability.

“Table S.Effect of Concentration of water Repellent Agent on Air Permeability”

Values of Air Permeability (Cm>/Cm?/Sec)

Water repellent agent

15g/l | 20g/l | 25 g/l | 30 g/l | 35 g/l |40 g/l
Finished with silica nano particle and
water repellent agent 68.65 | 68.56 | 68.32 | 68.27 | 67.82 | 67.6
Finished only with water repellent agent | 72.02 [71.76 | 69.75 | 71.06 | 69.9 | 68.4
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“Figure S .Effect of Concentration of water Repellent Agent on Air Permeability”

From the Table 5 and Figure 5, it is observed that, the fabric finished with only water repellent agent
shows the decrease in air permeability from 72.02 to 68.4 for the concentration of 15 gpl to 40 gpl of
water repellent agent respectively some values are fluctuate in between 20 g/l and 30 g/1 this is because
of random alignment of fibres in non woven fabric, while the fabric finished with combination of silica
nanoparticles and water repellent agent shows decrease in air permeability from 68.65 to 67.60 for the
concentration of 15 gpl to 40 gpl of water repellent agent respectively. This may be because; as
concentration goes on increasing the film is going to become continuous, which causes decrease in air

transmission rate& also the silica nanoparticles help in filling the interstices between fibres.

3.4 Effect of Concentration of Water Repellent Agent on Hydrostatic Head Pressure.

“Table 6. Effect of Concentration of Water Repellent Agent on Hydrostatic Head Pressure.”

Values of Air Hydrostatic Head Pressure (cm)
Water repellent agent
15 g/l | 20g/1 | 25 g/l | 30 g/| 35 g/l 40 g/l
Finished with silica nano particle
and water repellent agent 14.43 |114.83 | 15.42 | 15.43 15.6 15.6
Finished only with water
repellent agent 14.2 (14.77| 15.02 | 15.33 15.33 15.9
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“Figure 6. Effect of concentration of water repellent agent on hydrostatic head pressure.”

The above Table 6 and Figure 6 shows that, the fabric finished with only water repellent agent shows the
increase in hydrostatic head pressure from 14.20 to 15.33 for water repellent agent concentration of 15
gpl to 35gpl respectively. The fabric finished with combination of silica nanoparticles and water
repellent agent shows an increase in hydrostatic head pressure from 14.43 to 15.60 for water repellent
agent concentration of 15 gpl to 35gpl respectively. This may be because of silica nanoparticles helps to

resist the drop of water penetrating inside fabric structure.

4. Conclusion

This study focuses on imparting water repellent properties on 40 gsm polyester non woven fabric. For
this nano silica particle was synthesized by using stober method, fabric was then finished with both
water repellent agent and combination of both water repellent agent andnano silica particle. It was
observed that spray rating of 70 was observed for fabric treated with water repellent agent and spray
rating of 80 was observed for fabric treated with combination of both water repellent agent and nano
silica particle. This indicates that the nano silica particles helps in improving water repellent properties
by roughening the fabric surface. Also there was decreased in air permeability and increased in
hydrostatic head pressure and decreased in tearing strength was observed as the concentration of water

repellent agent increased.
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ABSTRACT

In this study, gadolinium doped ceria electrolytes for solid oxide fuel cell application were developed

based on the physiochemical properties of the powders. 20GDC nano powder with average particle
size of 30nm and purity >99.99% was procured from Cottor International, Mumbai, India. The
specific surface area of pure GDC was determined using Quantachrom Nova 1000e surface area
analyzer in the presence of nitrogen gas. Average particle size of 20GDC powder has been calculated
by using Transition Electron Microscope (TEM) and it is found to be around 30nm.

Keywords: Tem, Gdc, Sofc, Ceria
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Introduction

Fuel cells have received great attention as environmentally friendly and efficient to generate the electric
power for both stationary and mobile applications [1]. Among the various fuel cells investigated, solid
oxide fuel cells (SOFCs) have the following advantages [1-3] namely durability of the solid (rather
than liquid) electrolyte materials, high energy conversion efficiency (up to 60—80%), wide variety of
fuels (including hydrocarbons and oxygenates) , non-noble metal electrode and no threat from CO
poisoning. Yttria stabilized zirconia (YSZ) materials are mainly used as an electrolyte due to their
stability and high ionic conductivity at high temperature 1000 °C. But YSZ shows low ionic
conductivity at lower temperature [4, 5]. Ceria doped with heterovalent cations, such as alkaline earth
and rare earth ions, have been considered one of the most promising electrolyte materials for
intermediate temperature solid oxide fuel cells (IT-SOFCs). These materials demonstrate much higher
ionic conductivity at relatively low temperatures in comparison to that of YSZ. Among the various
dopants studied, Gd3+ and Sm3+ singly doped ceria (abbreviated as CGO and CSO) have been
reported to have the highest conductivity and to be relatively stable in thereducing environment [6-8].
This paper mainly discusses the structural characterizations of 20 % Gd doped ceria (Ce0.8Gd0.201.9
hereafter termed as 20 GDC) such as BET, TEM analysis.
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2. Experimental

Purity with more than 99% of Ce0.8Gd0.201.9 (20 GDC) powder was purchased from Cottor
International (Mumbai) and the powder was used to carry out the experimental studies. BET
measurements were carried out for finding the surface area of the nano powder, and Particle size

measured by using TEM in agreement with XRD crystallite size.

3. Bet Analysis
The specific surface area of pure GDC was determined using Quantachrom Nova 1000e surface area

analyzer in the presence of nitrogen gas. Before adsorption/desorption isotherm, sample was after
degassed at 300 °C for 3 hours.

GDC 20
Surface Area 4.858m2/g
Pore Volume 0.006¢c/g
Pore radius 25.894 A
Total pore volume | 7.504*10% cc/g

U
T
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.-‘.--d-
.
'

P
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Fig 1.a) Fig shows adsorption/desorption isotherm of GDC20. Below 0.3 pressures Monolayer
formation of adsorption on the material and beyond 0.7 multilayer formations is due to desorption of

Nitrogen gas.

Fig 1b) shows the variation of pore volume with respect to half pore width. Pore volume is maximum at
14 half pore width .After increasing pore width, pore volume decreased again and increased up-to

16.Later on the pore volume decreased by increasing half Pore width due to Micro pore Capillary effect.
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Fig 1c¢) shows uniform shaped nano crystals with uniform size and compacting each other due to
temperature effect on Particles. The mean diameter of the individual nanoparticles measured to be -
28nm. 20 GDC powder was examined with High Magnification Transition Electron microscopy (TEM,
JEOL 2010, Japhan).

Fig:1 d) Lattice fringes visible in TEM image displayed indicate the high crystallinity of these particles.
Selected area electron diffraction shown in the above figure agrees with structure of XRD results

(Fluorite structure Ce fm 3m with lattice constant 5.423A)
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ABSTRACT

4 )\
In this work, we determine the superconducting transition temperature and the superconducting

order parameter for high temperature superconductor, particularly, for optimally doped Y
Ba,Cu,0,.,, analytically. In order to compute these, we have used retarded Green function method,
equation of motion and Hamiltonian model. Furthermore, we obtain appropriate result which is very
close to the experimental result. High temperature superconductor is very important phenomenon for
changing the whole world of energy transport, and distribution as well as various scientific and
technological applications.

Keywords: Superconductivity, Superconducting transition temperature, order parameter, Green

Sfunction, Hamiltonian model
. J/

Introduction

Superconductivity is the ability of certain materials to conduct electricity with zero resistance below the
superconducting transition temperature. This property was first discovered by Physicist Kammerling
Onnes in Leiden in 1911, while cooling elemental mercury with liquid helium about 4.2K [1]. He
noticed that its resistance suddenly disappeared. Superconductivity remained an empirical science for
several decades. After quantum mechanics was introduced. Theorists gradually began to suspect that

superconductivity was quantum phenomena.

The first widely accepted theoretical understanding of superconductivity was advanced in 1957 by
American physicist John Bardeen, Ledn Cooper and John Schrieffer [2].Their theory of
superconductivity became known as the BCS theory.

In 1986 Bednorz and Muller discovered superconductivity in a lanthanum based cuprate perovskite
material, transition temperature of 35K which is the high temperature superconductors [3]. In 1995,the
highest temperature superconductor (at ambient pressure) is mercury barium calcium copper oxide

(HgBa,Ca, Cuy0,), whose T, is 135K at ambient pressure [4] and reaches 164K under high

pressure [5] discovered. Cuprates remained a high priority due to its high T, until the discovery of
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superconductivity in iron-pnictides be led by Yoichi Kamihara [6] who discovered that cyo plane is
not a requirement for superconductivity. In 2008, the highest superconducting transition temperature

non-cuprate superconductor ispnictide ( €a;_,Nd, FeAsF)with T, = 57K [7].

High temperature superconductivity could revolutionize technologies ranging from magnetically-
levitated trains to electrical power transmission. however, the mechanism by which these cuprate
materials become superconducting and the superconducting transition temperature had remained a
mystery for the last 29 years, moreover, there are different scenarios' for proposed mechanisms for high
temperature superconductivity, these are exciton ,bi-exciton, polarons, bi-polarons, and magnon [8].In
this paper we tried to suggest that the possible mechanism for high temperature superconductivity

magnon (spin wave fluctuation) mediated superconductivity.

The paper organized as follows:
In section2, we drive equation of motion for Heisenberg operator. In Section 3 formulation of problem.

We obtain the result and discussion in section 4. Lastly, in 5 conclusion of the result is given.

2.The Green function Method

In this section, we employ the basic concept of retarded Green function method as mathematical
technique which is very essential to formulate problem on high temperature superconductivity. In this
technique, we have tried to derive the equation of motion of operator. Green function defined for two

operators a and b which do not need to be hermitian.

The Retarded Green function is defined as
G (t,t") =< alt)b(t') »=—i6(t—-t") <[alt),b(t) > - —-——-———-—-—————— (1

Where <<.....>>represents the Green function, g(t — ¢')is the Heaviside step function a(t) and b(t') are

annihilation and creation operators respectively

2.1 Equation Of Motion
Now let us derive the equation of motion, The Retarded Green function is

G.(t,t") =< a(t) b(t") »=—ig(t —t') < [a(t),b(t") >

Differentiating eqn(1) with respecttot

dorles) - 28] o [ae), b(e) > —i6(t — ) < 222, b(e)] >

dt dar
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Applying  “=% = —ia(t), H)

We obtain
w < a(t)b(t) »=< [a(t),b(t)] = +« [a(®OH]B(t)» ————————— = (2)

This the equation of motion

3. Formulation of the problem
In this section, we have tried to solve and determine the superconducting transition temperature,
superconducting order parameter for optimal doped YBa ,Cu, O ,,, using a model Hamiltonian with

Green function formalism The Hamiltonian for optimal doped YBa ,Cu, O, is given by

Where

e + ¥
Hl} - Zkr.r fks Qpe Oy + zka hwb ko bkt:r __________ {4)
Hamiltonian describes for itinerant and localized electrons

Hsf B ;ZSEk 'gt::.-r a:-': o R e e e (3)

The spin-fermions interaction between two sets of electrons

Where o represents Pauli matrix and S represents spin operator

ZSE.D':EE =570+ ngo'x-l-s:o'?"

&

This is reduced to

E .S'f.cr;h_r = Sfaz-!-S:J- +5.,07

&

Hsf =JZ[5;§JZ+S;0_+S£J+]aL_ a,, —————— (6)
KT
SRR - 0T .
STkT3 [ttt — Qi)
T kkr
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G+ +
S = Z Qprly )
ke,

- +
3 = Z Gyt
ke,

The spin 5% operator destroyed a down spin and created an up spin, whilein S, itis the other way

around. We also see that § % . counts the number of up spins minus the number of down spins

The spin-electron interaction Hamiltonian will be

]

L |
=i + = =+ . + o + .
H, = 3 E Jlagrayt —ag a;,] [akrak T Qg Gy l]
Ik

u ]Z[a:"a"'* gy + ag @ agay, ] ——(7)

ko.

|
T S N OIS PR, ArOSn, SR | S T . . [
Hy = i}Z[akTGkT A1yt — QT Qe Q| — O Q) Gyt + Qg ay| Qpay ]
ik
+ v + + + e, =it on e et b it
+ IZ[akrakL G @'y + Qg G’y akl'akl.] (8)
ko,

Employing mean field approximation &,

==

1
- + _+ " " ; ; + _+ + _+ . . - ;
Hy =] E [<agragr = aprap's < AT Gt > Qer@r—< Qgryy > @10~ < Gl
T ok

+ o+ - —— g + o+

P QprQy™ < Qg G & Q| Q' = < Gy Qg't & Qi lyr T
g by i

LA Gy = @ G T < Q| @)
+ .+

> aya;]

+ + : : + _+
+ ]Z["": Qpt@y) = Q'L Q' T< Q') Q' > Gy +
ki,
+ + ' » g e |
<agiag > @t @+ < a4y > ag ag | (9)

The superconducting order parameter is defined as

ATl= JZ = Qeplyr =

ko,

H_
A —JZ = Ay >

Kk,

From equation of motion, we have

w K agragy >=< [agn agr] > +< [ayn Hlah » ———————— —— (10)
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When we evaluate [q_ . H]

1
— m_+ T+
[awr H] = & app + Eﬂ e R o iy e (11)
Plugging eqn(11) into eqn(10),we obtain
1

(w—¢&, ) K aprat, »>=1+ Eﬁ”{< ajrap; > —AV« af af; > — — — — (12)
Similarly

I S A 1 s + 1L +
(w48, ) K agag »>= —Ea K aypan > —-A" K a,, ar; > —— ——(13)

o ot ot 1 +1l . + +1l +
(w48, ) K agaz »>= —Ea K@t ay > —AT" K ay, a3 — —— = (14)

: + o 1 H + + Tl + &
(w—&, ) K a, az »>= SATK g e B> HATK g @y > —— = ——— (15)

Combining eqn(12),eqn(13),eqn(14)and eqn(15),we obtain

ﬁH‘T

K Agrlpy B= 21 ——————————————— (16)
(2 =& 2—2(a*™?)

The superconducting order parameter for ( TT)is given by

s Z] KA P ————— ———————— ———— —— — (17)
n.k
+1T
a1=23" [ agp — - (18)
18 =y 0 (wz_sz_z(ﬁ+ﬁ)2)
Applying

A(k) =X, mA(k") and D(&) = nAD(0), For D-wave pairing B = %

Agp = Ly’ JD(0)

__(2n+l)xr

Replacing ¢* = &, ! %(ﬂ."’ﬁ}z and w, :
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w = iw, for Matsubara frequency of fermions

1
(2n+1)?n?-

B*¢?)

Letz = 8¢

.. - 1
P EZL TS

1 tanh I:%]
E - (2n+1)*n? —z2) e 2z
Kol 1 U W R e
As i
8 & 2+ @

1) WhenT =T. = A = 0 equation()becomes

1t tann(E
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x]"sr_f 0 f
Integration by parts
Bg
1 h he In
r=1n(3= w)ta J M L N
=f 2 o Co h(ﬂ‘c’)‘
1 B.hew g1
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Using Taylor expansion

. teoh (3/2 e+ (%)2)
—= f dg —
s JE+ @7

BE
hes tanh( =2 2 pes : =
= j d{ J +“ﬂ_" ﬁz 51nh (3-:}

——(26)
¢ 8 Jo Zzifoshz{%]
* Bz — sinh(fz —14{(3
J B (B2) = i(j _________________ (27)
0 2z2Cosh? (%) ol
Where § zeta functions Employing this equation into eqn(26),we obtain
1 o taﬂhlfg) A% [B2] —140(3)
—=f d¢—2+—’?—"—"7 ----------- (28)
Ay Uy & 8|8 7l
2B, weY 2Bwe? 14A%(3)
() () 2
™ w 64miki T2
T 144%(3)
n(r)= oy mmmmmmmmmmmmmmmm— - 29
"\T, 64m2kE T2 (29)

14A%Z(3)

Weuse approximation e* % 1+ x, Where x = —————
san kp TS

and {(3) = 1.2025

Employing this equation into

A= 6.121(51"5\! [1 —Tir] ————————————————————————— (30)

This is the superconducting order parameter as a function of temperature

4.Result and Discussion

This section concerned with theoretical results of high temperature superconductivity which are
obtained using the equations derived in section 3.The main focus is on the superconductive transition
temperature, the superconducting order parameter and coupling strength. The expression of

superconducting transition temperature from eqn (24) is

ha, —— .
T, = k—’“elsf = 8.67X10 2w, e "
B
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T

Nowtaking bem _ y5875,2,, = 1.5
kg

=T, ¥ 924K

Moreover, the results of our work are best described by figures depicted below

Figl superconducting order parameter versus temperature

From Fig .1, we can observe that the superconducting order parameter decreases monotonically as the
temperature increases and vanishesat 1T, = 92.4K. Below T.. itis the region of superconducting

state whereas above ¢ » itis normal state.

Fig2 Superconducting transition temperature versus coupling strength

The superconducting transition temperature increases as the coupling strength parameter increases and

becomes slowly increase as the coupling strength parameter increases further

Fig3 Superconducting transition temperature versus coupling strength for different magnon

frequency
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5. Conclusion

In this paper, we have studied the high temperature superconductivity involving cuprate with the help of
retarded Green function technique and Hamiltonian model. We have determined analytically the
superconducting transition temperature for Y Ba,Cu,0,,, and the result is very close to the experiment
result. We also observed that the superconducting order parameter decreases monotonically with the

increasing temperature and disappear at the superconducting transition temperature for Y Ba,Cu,O,,.
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ABSTRACT

s \
testing of VLSI components is the most time consuming and tedious work. Built in self test architecture

provides capability of providing the testing with the advantage of having high fault coverage and high
speed of testing. Offline and online tests are available in BIST scheme. The use of a static-RAM
structure to store the relative locations of the vectors that reach the circuit inputs examined in the
window. In the current technology, less area, high speed and low power consumption are the most
needed factors. In any high speed circuits, Static Random Access Memories (SRAMs) has been most
usually used information storage devices. In the proposed paper work, a concurrent BIST
Architecture ave been used for monitoring the set of input vectors during the normal operation of
SRAM. A low power consumption is made possible than the previously used system.

\Keywords—storage devices, BIST, Fault coverage.

Introduction

For semiconductor integrated circuits, during the past decades, the CMOS technology emerged as the
dominant fabrication method, and CMOS became the almost exclusive choice for semiconductor
memory design also. Device scaling has resulted in large scale integrated, high performance, low-
power, and low cost systems. CMOS memories are used in a much greater quantity than all the other
types of semiconductor integrated circuits, and appear in an astounding variety of circuit organizations.
With the development of CMOS memory technology numerous publications presented select memory
circuit and architecture designs. [1]The literature of CMOS technology made little effort to give
overview methodical analyses of some significant memory specific issues such as sense amplifiers,

redundancy implementations and radiation hardening by circuit technical approaches.

SRAM cache is the first victim of increased process variations that requires handcrafted design to meet
area, power, and performance requirements. Static RAM is fast, so static RAM is used to create
the CPU's speed-sensitive cache. Fig 1 shows the elementary structure of a SRAM design. Since it is
expensive, it is usually normally used for the applications where less memory is enough in a system. An
SRAM is designed to fill two needs: First need — to provide a direct interface with the CPU at speeds

not attainable by other memories like DRAM, and in the systems that require very low power
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consumption. The second need — low power — is found in most portable equipments.
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Figure 1. Elementary SRAM structure

Built-In-Self Test (BIST) techniques constitute an attractive and practical solution to the problem of
testing VLSI circuits and systems. BIST techniques are classified into offline and online.[2] Offline
architectures operate in either normal mode or test mode. During test mode, the inputs generated by a
test generator module are applied to the inputs of the circuit under test (CUT) and the responses are
captured into aresponse verifier (RV). Therefore, to perform the test, the normal operation of the CUT is

stalled and, consequently, the performance of the system in which the circuitis included, is degraded.
V[n:1] T

B[m:1]
Figure 2: Input vector monitoring concurrent BIST architecture.

To avoid this performance degradation, input vector monitoring concurrent BIST techniques have been
proposed which exploit input vectors arriving at the inputs of the CUT during normal operation. BIST
uses a Test Pattern Generator (TPG) to generate the test patterns which are applied to the inputs of the
Circuit Under Test (CUT).The block diagram of an input vector monitoring concurrent BIST technique

is presented in Figure 1.
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I. Literature Survey

In this project, a literature survey is cited on the combination of BIST architecture and design of
SRAM's considering different transistor sizing as well as focusing on different performance
parameters. In one research paper, A Built-In Concurrent Self-Test (BICST) technique for testing
combinational logic circuits concurrently with their normal operation is proposed. Concept of sharing
the test hardware between identical circuits to reduce the overall area overhead is introduced. [3]The
method was implemented in the design of an ALU with on-line test capability in CMOS technology.
The additional hardware used for a 12-bit ALU was 19% of the total chip area and it did not impose any
timing overhead on the operation of the ALU. The overhead decreases with an increase in the size of the
ALU. Following the description of the BICST technique, measures for evaluating the performance of

the BICST technique are defined.

[7]Due to CMOS technology scaling and the need of battery operated devices continues to drive the
increase of on-die memory density to meet performance needs in various applications. Meanwhile, the
device variation and leakage are increasing as the miniaturization of the transistor continues which also
affects the reliability and performance of the device. As a result, it is increasingly challenging to
develop SRAM with adequate stability margin for low-voltage operation while keeping the power
consumption low enough to meet system-level power requirements. It is analyzed the performance of
various topologies of SRAM cells at various process technologies for enhancing the cell stability which

isrelated to the cell SNM and the leakage power consumption.

I1. Proposed 7t Sram Cell With The Bist Scheme

Context below explains the working of 7T SRAM cell comprising the read, write operations,
considering the performance of the device also obtaining the performance comparison with the CMOS
SRAM cell.

The circuit of 7T SRAM cell consists of two inverters that are connected and cross coupled to each other
with additional NMOS transistor which connected to write line (WL) and also having two pass NMOS
transistors connected to bit lines (BL) and bit-lines bar (BLB) respectively. Figure 3 shows circuit of
7T SRAM Cell, where the access transistor M6 is connected to the word-line (WL) which will perform
the access write and M3 is connected to the Read-line (R) to perform the read operations. Bit-lines will
act as the I/O nodes carrying data from SRAM cells to a sense amplifier during read operation, or from

the write input in the memory cells during write operations.

Two inverters are used, they are inv1l and inv2. 7T SRAM cell depends on the cutting off the feedback
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connection between two inverters, invl and inv2, before any write operation takes place. The
connection and disconnection of the feedback is performed by an extra NMOS transistor M7 and cell

depends only on BLB to perform the write operation.
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Fig 3: 7T SRAM cell

Write Operation

*4+The 7T SRAM cell's write operation starts by turning M7 off this in turn will cut off the feedback
connection. BLB signal carries the complement of the input data, Q6 is turned on, while is off as shown
in Figure 4. The 7T SRAM cell looks here like two cascaded inverters connected in series as shown in

Figure 4. M6 is the transistor which transfers the data from BLBto which drives second set of inverters,
ML
Lo

M3 and M4, to develop the cell data.
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Figure 4: Write operation circuit.

WRITE ofn

Similarly, the cell data present here drives first inverter set, M1 and M2, to develop Q bar which equals
Q2 ifdatais “0” and lightly higher than Q2 if data is “1.” Then, Word Line is turned off and N5 is turned
on to reconnect the feedback connection between the two inverters to stably store the new data. Both the
bit lines (BL and BLB) are pre-charged to “high.” When the circuit is in the write mode, then BLB is
kept in “high” to write “0” value having the negligible power consumption and also consideration of
transistor sizing is very much essential for the stabilized write “0” operation. To store the value “1” in
the cell, BLB is discharged to “0”. There is no need of discharging the bit line (BLB) to store the value of
“0”1n the cell.
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Read Operation

In the read signal operation of the 7T SRAM cell, both the read and write signals are kept ON also the
transistor Q7 kept turned ON. *9+ When the point T1 is made “0”’, M2 and M5 will be turned on in the
read path. The figure 5 shows the transistors available during the phase of read operation. This operation

is similar to the 6T SRAM cell.
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Figure 5: read operation circuit

Let us consider a combinational CUT with n input lines, from the figure 6; hence the possible input
vectors for this CUT are 2n. The proposed scheme is based on the idea of monitoring a window of

vectors, whose size is W, with W = 2w, where w is an integer number w <n.

= ol

ktw=n Oul

Figure 6: proposed architecture.

Every moment, the test vectors belonging to the window are monitored, and if a vector performs a hit,
the RV is enabled. Proposed architecture is shown in figure 6. [5]The bits of the input vector are
separated into two distinct sets comprising w and k bits, respectively, such that w + k = n. The k (high
order) bits of the input vector show whether the input vector belongs to the window under
consideration. The remaining bits show the relative location of the incoming vector in the current
window. If the incoming vector belongs to the current window and has not been received during the

examination of the current window, we say that the vector has performed a hit and the RV is clocked to
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capture the CUT's response to the vector. When all vectors that belong to the current window have

reached the CUT inputs, we proceed to examine the next window.

During normal mode, the inputs to the CUT are driven from the normal inputs. The n inputs are also
driven to the CBU as follows: the w low-order inputs are driven to the inputs of the decoder; the k high-
order inputs are driven to the inputs of the comparator. When a vector belonging to the current window
reaches the inputs of the CUT, the comparator is enabled and one of the outputs of the decoder is
enabled. During the first half of the clock cycle (clk and cmp are enabled) the addressed cell is read;
because the read value is zero, the w-stage counter is triggered through the NOT gate with output the
response verifier enable (rve) signal. During the second half of the clock cycle, the left flip-flop (the one
whose clock input is inverted)enables the AND gate (whose other input is clk and cmp), and enables the

buffers to write the value one to the addressed cell.

IV. Simulation And Results

The proposed Architecture circuits have been simulated using Xilinx13.2 tool. Also we have used
ModelSim SE as a verification tool which provides High Performance Simulation and Debug.
ModelSim SE is our UNIX, Linux, and Windows-based simulation and debug environment, combining

high performance with the most powerful and intuitive GUI in the industry.

Figure 7: Logic module

XilinxISE (Integrated Software Environment) is a software tool produced by Xilinx for synthesis and
analysis of HDL designs, enabling the developer to synthesize (compile) their designs, perform timing
analysis, examine RTL diagrams, simulate a design's reaction to different stimuli, and configure the

target device with the programmer.

During the write cycle the operation consumes power of 0.7uW with the consumption of 0.5pA. the

read operation for each cell requires 0.06uW of power and 0.10pA of current.
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Figure 8: top module

Figure 9: response verifier

IV. Conclusion And Future Work

In the paper, it is discussed about the BIST schemes which constitute an attractive solution to the
problem of testing VLSI devices. Input vector monitoring concurrent BIST schemes perform testing
during the circuit normal operation without imposing a need to set the circuit offline to perform the test,
therefore they can circumvent problems appearing in offline BIST techniques. The evaluation criteria
for this class of schemes are the hardware overhead and the CTL, i.e., the time required for the test to
complete, while the circuit operates normally. In this brief, a novel input vector monitoring concurrent
BIST architecture has been presented. It is proven that the device speeds up to 23% faster than the

normal operating device.
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