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Abstract The flexibility of vanadium nitrate makes it a
good constituent for emerging superconductors. Its thermal
instability engenders a disordered structure when doped by
insulating constituents. The physics of the heat source i.e.
the probe laser was theoretical derived to avoid deficiency
of the superconducting material at low laser energy density.
The mathematical experimentation was accomplished by
queering the energy balance and heat conductivity of the
individual constituents of the reagent. In-depth analysis of
the layered distribution of laser induced temperature fields
was carried out by cooling the compound via the forced
convective cooling technique to about 150 °C. The material
was gradual heated via the laser probe to its superconduct-
ing state. The structural defect which explained different
state of the thermal outcomes were explained and proven to
correspond with experimental outcomes. The temperature
distribution under the irradiating laser intensity (0.45 W)
shows an effective decay rate probability density function
which is peculiar to the concept of photoluminescence. The
dynamics of the electronic structure of thermally-excited
superconducting materials is hinged on the complemen-
tary stoichiometry signatures, thermal properties amongst
others. The maximum possible critical temperatures of the
inter-layer were calculated to be about 206 K.
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1 Introduction

The micro porosity of Vanadium nitride makes it a good
candidate for microelectronics hardware. Its flexibility
to allow for doping is one of its advantage for fabricating
semiconductor or superconductor [1]. For example the
preparation of vanadium nitride via ammonolysis of sol—
gel derived V,0,-Si0, [2] or the optimized synthesis tech-
nique of vanadium nitride and phosphor or arsenic [3]. The
disordered structure of V,0;-SiO, driven vanadium nitride
is contrary to previous work on the high-quality poly-Si
films [4-6] especially the use of excimer laser technology
[7]. The accessibility or resistance of the micro porosity of
vanadium nitride to thermal probe depends on the insulat-
ing matrix of dopant (see Fig. 1 below). However, the ther-
mal probe source cannot be under-estimated because vana-
dium nitrate (VN) possesses high temperature durability.
The prospects of the laser technology had been challenged
with the alteration of chemical compounds [8]—leading to
ion damage of films [9]. In recent time, the rudiments of
the laser ablation have been perfected. For example, laser
ablation technique has been used to produce films of uni-
form local stoichiometry and uniformly smooth morphol-
ogy [10]. VN experiences crystal structure transformation
when atoms are trapped under localized minima potential
energy. Upon cooling of bulk polycrystalline VN, a cubic
tetragonal phase transition occurs [11]. Hence, a theoreti-
cal explanation is required to understand its strange proper-
ties and why it is a good candidate as semiconductors or
superconductors.

The heat flow theories across the layers of the prod-
ucts of VN are of paramount interest because of its recent
superconducting features. Recent discussions on the
multi-scale heat flow analysis are termed as key towards
determining the heat transfer density of materials. For
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Fig. 1 Thermal properties of doped VN. Ref. [3]

example, the Constructal Theory was used to determine
the dynamics of the forced convective cooling systems
[12]. In this paper, we intend cooling the superconduct-
ing product of the VN to observe its cooling thermal pro-
file. Many researchers had discussed forced convective
cooling technique. Hajmohammadi et al. [13] suggested
introduction of a conducting thick plate to a convective
interface between the heat source and the cooling fluid.
The conducting thick plate controls the excessive effect
of the uniform heat flux distribution over the seemingly
disordered structure below the plate. This effect has been
noticed in the formation of disordered structure when
vanadium nitride metallic grains were dispersed in the
insulating SiO, matrix. Hence, the shape of the con-
ducting thick plate is important. The Phi and Psi shaped
plate had been discovered to be more efficient than the
X-shaped or rectangular plate [14]. In this paper, the
vanadium nitride was investigated using the probe laser

/.

Fig. 2 Experimental set-up for
measuring thermal and optical
distribution

/.

to estimate the thermal emission signals on the basis of
Planck’s blackbody radiation intensity distribution law.
The theory of the forced convective cooling system was
adopted to capture the cooling profile of the supercon-
ducting products of VN. In Sect. 2, the virtual experimen-
tation was discussed. In Sect. 3, the formalism of theories
to capture the physics of the probe laser was propounded.
The application of the laser theories was executed and
analyzed in Sect. 4.

2 Virtual experimentation

The superconducting sample is made-up of silicon (Si) and
V3* film that might be fabricated via low pressure chemi-
cal vapor deposition. A pulse KrF excimer laser (which is
in its femtoseconds pulses) anneals both films at specific
laser energy densities. The temperature profiling of the
superconducting sample is measured by the thermal signals
using thermo-detector while the photo detector measures
the back-scattered light, reflectivity and transmissivity (as
shown in Fig. 2). Examining the physics of the pulse KrF
excimer laser, it works on Planck’s black body radiation
intensity distribution law.

3 Formalism

Planck’s blackbody radiation intensity distribution law is
used to estimate the transient temperature by the thermal
emission signals from the detector. Hatano et al. [7] gave
the mathematical expression of the emission signals col-
lected by the detector as

probe laser

W hermodetector

%photodetector

Substrate
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2 ¢2 62 Thermal Transmission
Vo (T) = Rad / / / &5 (2,0,¢, T)T(A)G(A)ep (%, T) cos 0 sin OdOdd
T
A1 ¢ 6
(1)
— e — S — — e —— —
where T is the temperature, 6 and ¢ are the polar and azi-
muthal angles, X is the wavelength, Ry, is the impedance - A ‘
of the oscilloscope (50 V), A is the area on the sample I\ WL \ L8
which is sensed by the detector, 83 (4,60,¢,T) is the spec- / ‘ \
tral directional emissivity, 7(A) is the transmissivity of the \\' 'l
two lenses, G(1) is the responsivity (A/W) of the detector \ / . (N Legend
at different wavelengths, e, ,(1,7) is the blackbody emissive V ‘ Si
power given as . x \ C \
2 Cy 1 S S p——— -
e =
=5 exp (Co AT — 1 ) o
C, = 59555 x 100 W pum*m% and pR—
C, = 1.4388 x 10K pm. 4 d,
Equation (1) is further analyzed using the separation
variable technique which reduce the whole equation to J
e()—in_ (4, T)J(O)K (¢) (3) silica glass
where
o Fig. 3 Thermal transmission of KrF excimer laser
Y(L,T) = [ & (ALT)t(A)G(e(2,T)
ys
6r J
J(©) = [ €,(6) cosf sinHdb ) l )
0 Y(2) = x(T) / e,(DT(MG(A)e;p(4) 5)
A

(03}
K(p) = [ e (p)dg
@1

Y(A,T) represents the optical and thermal function which
explains the first-order transition from an insulator to a
metal of both the silicon and vanadium oxide. Further
expansion of the Y(A,T) confirms experimental results of
thermal characterization of individual elements i.e. silicon
and vanadium. J(6) represents the optical transport of the
combined multilayered material.

%K (¢) is the charge transport which expresses the
electrical characterization of the first-order transition from
insulator to metal and then to superconductors. For the pur-
pose of this paper, the thermal characterization in Eq. (4) is
expressed in Fig. 3.

4 Thermal transmission

The chemical reaction reported in the virtual experiment is
said to be homogeneous because at the interface, the reac-
tion rate depends on the concentration of the species itself
i.e. the silicon and vanadium. Moreso, the reaction is of the
first order because the rate of reaction is directly propor-
tional to elemental concentration [15-18].

The objective of this paper is hinged on Eq. (5) i.e. esti-
mating the temperature profile which can be expressed by
the formulation of the governing equations used for the
unsteady heat flow. The assumptions made includes: the
emissivity of the KrF excimer laser depends on the elemen-
tal concentration; the two lenses operates at perfect func-
tionality i.e. 7(A) & 1 and G(A) ~ 1. The unsteady thermal
transport which expresses the temperature from the air
through the superconducting layers to the silica glass is
expressed in Egs. (6-8).

aY

i X (T — To)e(C — Coo) (6)
aT 92T

pc,,g = kﬁ (7

aC 92C

FT o) ®

C, is the specific heat of at constant pressure (J kg~!' K1),
C is the species concentration in the fluid/solid (kg m™), k
is the thermal conductivity (W m~! K=), T'is the tempera-
ture profile (K), D is the mass diffusion coefficient (m?s7h,
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Table 1 Values of material parameters

Materials Sio, V,0, Silica glass
Refractive index 1.456 1.5763 1.47
Absorption coefficient (1/m) 141.726  27.50 1 x 10*
Specific heat (J/kg K) 841 0.485 703
Thermal conductivity (W/mK) 1.19 30.7 1.3
Density (kg/m?) 2500 6110 2200

t is the time (s), x(7) is the equivalent parameter of coeffi-
cient of expansion with concentration (0.13 % K1), p is
the density of the material (kg m™>).

The initial and boundary conditions are

Y =0, T = Teo, C=Cy, forali, t<0
Y=Yoexp(at), T=Too+Te, C=Coo+Ce, A2=0,1>0
Y — 0, T — T, C— Cxn, A—> 00

The initial boundary shown above is expected to illus-
trate the crucial order-parameter phase of the two dissimilar
films via the application of the anti-Stokes fluorescence for
superconducting material [19]. The resolution of Egs. (7,
8) yields the solution as shown in Eq. (9); the resolution
of Egs. (6, 7) yields the solution as shown in Eq. (10); the
resolution of Egs. (6, 8) yields the solution as shown in
Eq. (11).

s

=G, )
T = exp (Dot) (10)
C = exp (1) (11)

. 2
where v = (%) and a is the initial phase dif-

ference. The parameters to be used can be found in the
Table 1 as shown below. Equations (9-11) would be
applied to the micro porous layered material shown in
Fig. 3. For individual elements within specific layers (as
shown in Fig. 3), each homogeneous part with unknown
interface condition is solved and its solutions is matched
for temperature and heat flow continuity. The homog-
enous part is divided into two according to its porosity
i.e. layers in series and layers in parallel. As the object

is illuminated by the pulse laser beam from the KrF laser
excimer, the temperature profile penetrates in the order of
1 wm [20]. Since the thermal transport at the tip—sample
contacts consists of air, liquid and solid—solid conduction
pathways.

5 Fluid layer in series

The temperature profile is analyzed in the fluid phase over
the average elemental volume of the material. This opera-
tion is performed on the assumption that the thermal sur-
face porosity is equal to the thermal porosity of the volume.
This assumption enables the determination of the c-axis
critical temperature Tc of the stack in its near fluid phase
via probing the thermal phase where resistive state exists
under negligible bias [21]. The mathematical representation
of the fluid phase is given as

aT;
4 (pcp)fETZ + (PCp)vaTf

di
@

Where ¢! (W/m?) is the heat production per unit volume, ¢
is the ratio of the cross sectional area occupied by the fluid
to the total volume of the element.

The initial and boundary conditions for all four cases
i.e. fluid layer in series, fluid layer in parallel, solid layer in
series and solid layer in parallel is given as

t=0
t>0

g’ =0, v=0, ¢=0,
g <1, v=vi, ¢ =9,
g = 0, v = vi, 9 = 9o,
Applying Eqgs. (10)—(12) yields Eq. (13) and Tables 2, 3
and 4.

220\, 20
+ 8k = Dt
(pw i)ki (p(zai/ki (13a)

The ratio of the cross sectional area occupied by the fluid
to the total volume of the element was varied in Table 4 to
see its effects on the temperature profile.

Table 2 Parameters of a

e amete ' 8; (nm) C,Jkg 'K D (1079 w (107%%) et (107°)  Ckgm™) T (K)

iquid layer in series (¢ = g,

ki = % P =0.45W) for 50 841 0.5660 0.1767 0.5821 —83.7100 174.9055

silicon oxide 45 853 0.5580 0.1718 0.5739 837382 174.8631
40 867 0.5490 0.1663 0.5646 —83.7709 174.8139
35 874 0.5446 0.1636 0.5601 —83.7869 174.7899
30 881 0.5403 0.1610 0.5557 —83.8029 174.7659
25 894 0.5324 0.1564 0.5476 —83.8321 174.7222
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Table 3 Parameters of a 8, (nm) c,d ke ' K1) D w (10°%) ol (1073) C (kg m™3) T (K)
liquid layer in series (¢ = 8 s ~
ki = TN P =0.45W) for 50 0.485 00104  0.8897 0.4130 —70.5808 197.8493
vanadium oxide 45 0.501 0.0100 0.8337 0.3998 —70.6458 197.7519
40 0.585 0.0086 0.6115 0.3424 —70.9555 197.2870
35 0.621 0.0081 0.5427 0.3225 —71.0749 197.1082
30 0.677 0.0074 0.4566 0.2959 —71.2482 196.8486
25 0.721 0.0070 0.4026 0.2778 —71.3742 196.6594
Table 4 Parameters of a 8, (nm) Cp a kgfl K D w (10°%) ol (10,3) C (kg m3) T (K)
liquid layer in series (¢ = 16, 4
ki = TN P =0.45W) for 50 0.485 00104  0.4448 0.2920 —71.2740 197.1562
vanadium oxide 45 0.501 0.0100 0.4169 0.2827 —71.3390 197.0587
40 0.585 0.0086 0.3057 0.2421 —71.6493 196.5946
35 0.621 0.0081 0.2713 0.2281 —71.7687 196.4150
30 0.677 0.0074 0.2283 0.2092 —71.9405 196.1567
25 0.721 0.0070 0.2013 0.1964 —72.0673 195.9677
-3
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Fig. 4 a Temperature distribution of heterogeneous reaction; b Temperature distribution of homogeneous reaction

The physics of the temperature distribution in series fluid
layer is further expanded by the mesh theory [13] where

’(ei — 9"*1)/9" <107 (13b)

In Fig 4a, 6 is the temperature calculated using

Q= and ki = 3% 7KW while ¢! is the temperature calcu-
lated using ¢ = 16 and k; = 30 7W . In Fig. 4b, ¢ is the tem-
perature calculated using ¢ = g and ki = %, while ¢!

and k; = l‘rlngKW.

is the temperature calculated using ¢ = %

6 Solid layer in series

The temperature profile is also analyzed in the solid phase
of average elemental volume of the material. Like the fluid

layer, the assumption that the thermal surface porosity is
equal to the thermal porosity of the volume still holds. The
mathematical representation of the solid phase is given as

ATy 8
(1- (p)(pcp)sw =(1—¢)(pCp), ((ZZfS'/k') ‘VTS)

+(1—p)qg" (14)

where ¢! (W/m?) is the heat production per unit volume, ¢
is the ratio of the cross sectional area occupied by the fluid
to the total volume of the element.
Applying Eqgs. (10)—(14) yields Eq. (15) and Tables 5
and 6
2,2
. ( 38 ) D=t (15)
Soifki) ki
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Tab!e 5 Par.ametgrs of a . 8, (nm) c,q ke~ K1) D (106 w (10777 e (10_5) C (kgm™>) T (K)
liquid layer in series (¢ = g,
ki = 11;?12’“ , P =0.45W) for 50 841 0.5660 0.2002 0.1959 —81.2826 177.3328
silicon oxide 45 853 0.5580 0.1946 0.1932 —81.3108 177.2902
40 867 0.5490 0.1884 0.1900 —81.3434 177.2415
35 874 0.5446 0.1854 0.1885 —81.3594 177.2173
30 881 0.5403 0.1824 0.1870 —81.3755 177.1932
25 894 0.5324 0.1772 0.1843 —81.4047 177.1492
'I.‘ab.le 6 Par.ametc.:rs ofa | 8, (nm) c,a kg—l K1) D w (10719 g C (kg m=3) T (K)
liquid layer in series (¢ = g,
ki::3%%gv,1’::&45VV)ﬁn 50 0.485 0.0104 0.6708 0.0359 —61.6528 206.7772
vanadium oxide 45 0.501 0.0100 0.6286 0.0347 —61.7174 206.6799
40 0.585 0.0086 0.4611 0.0297 —62.0274 206.2150
35 0.621 0.0081 0.4092 0.0280 —62.1471 206.0363
30 0.677 0.0074 0.3443 0.0257 —62.3195 205.7772
25 0.721 0.0070 0.3035 0.0241 —62.4456 205.5883
o gl (p — 0O GO D DO w0 g0 Clem) T
ki = ﬁfgv,l’=(l45VV)ﬁn 50 841 0.5660 0.2002 0.1959 —81.2826 177.3328
silicon oxide 45 853 0.5580 0.1946 0.1932 —81.3108 177.2902
40 867 0.5490 0.1884 0.1900 —81.3434 177.2415
35 874 0.5446 0.1854 0.1885 —81.3594 177.2173
30 881 0.5403 0.1824 0.1870 —81.3755 177.1932
25 894 0.5324 0.1772 0.1843 —81.4047 177.1492
iyt g — §, MO GURTKD D w0 4 Clemd)  T®)
ki = % P = 0.45W) for 50 0.485 0.0104 0.6708 0.0359 —61.6528 206.7772
vanadium oxide 45 0.501 0.0100 0.6286 0.0347 —61.7174 206.6799
40 0.585 0.0086 0.4611 0.0297 —62.0274 206.2150
35 0.621 0.0081 0.4092 0.0280 —62.1471 206.0363
30 0.677 0.0074 0.3443 0.0257 —62.3195 205.7772
25 0.721 0.0070 0.3035 0.0241 —62.4456 205.5883

Applying Egs. (10)-(16) yields Eq. (17) and Tables 7

7 Liquid layer in parallel

Like the Layers in series, the temperature profile is ana-
lyzed in the fluid phase of the averages over elemental vol-
ume of the material. The mathematical representation of
the fluid phase is given as

T, > Siki
0(0Cp)p 5L + (0Cy) vV T} = </)V<< s, )fvrf> +oqf!
(16)

where ¢! (W/m?) is the heat production per unit volume, ¢
is the ratio of the cross sectional area occupied by the fluid
to the total volume of the element.

@ Springer

and 8

a7

Sik;
(9w + 8)ki = ¢ (Z“)Dzrz

> 8
8 Solid layer in parallel

The temperature profile is analyzed in the solid phase
(under the parallel arrangement of porosity) over the aver-
age elemental volume of the material. Like the fluid layer,
we worked on the assumption that the thermal surface
porosity is equal to the thermal porosity of the volume. The
mathematical representation of the solid phase is given as
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Table 9 quameters ofa 1 8, (nm) c,d ke~ K1) D (1079 w (10777 g (10_5) C (kgm™) T (K)
solid layer in parallel (¢ = g, :
ki = LN P = 0.45W) for 50 841 0.5660 0.2002 0.1959 —81.2826 177.3328
silicon oxide 45 853 0.5580 0.1946 0.1932 —81.3108 177.2902
40 867 0.5490 0.1884 0.1900 —81.3434 177.2415
35 874 0.5446 0.1854 0.1885 —81.3594 177.2173
30 881 0.5403 0.1824 0.1870 —81.3755 177.1932
25 894 0.5324 0.1772 0.1843 —81.4047 177.1492
Ta!)le 10 Parameters ofa 1 8, (nm) Cp a kg—l K D w (10719 & C (kg m=3) T (K)
solid layer in parallel (¢ = g,
ki = 2N P =045 W) for 50 0.485 0.0104 0.6708 0.0359 —61.6528 206.7772
vanadium oxide 45 0.501 0.0100 0.6286 0.0347 —61.7174 206.6799
40 0.585 0.0086 0.4611 0.0297 —62.0274 206.2150
35 0.621 0.0081 0.4092 0.0280 —62.1471 206.0363
30 0.677 0.0074 0.3443 0.0257 —62.3195 205.7772
25 0.721 0.0070 0.3035 0.0241 —62.4456 205.5883
Ta!)le 11 Parameters of a . 8, (nm) Cp a kg—l K D (10—6) w (10727 aj (1075) C (kg m3) T (K)
solid layer in parallel (¢ = g, :
ki = 2T p = 045 W) for 50 703 0.8406 0.4416 0.2910 —80.4915 178.5192
silica glass 45 707 0.8358 0.4366 0.2893 —80.5034 178.5022
40 715 0.8264 0.4269 0.2861 —80.5256 178.4684
35 722 0.8184 0.4186 0.2833 —80.5445 178.4392
30 729 0.8106 0.4106 0.2806 —80.5638 178.4102
25 734 0.8051 0.4051 0.2787 —80.5776 178.3898
] c ) 0T, | ( c ) v > 8ik; VT concluded that the superconducting VN satisfied cur-
(=9 (p Pls 9y T =) pGp); N6/, $ rent superconducting thermal range i.e. the critical tem-
1l ‘ erature do not exceed the room temperature [22, 23].
+(1 - ) asgy P P

where ¢! (W/m?) is the heat production per unit volume, ¢
is the ratio of the cross sectional area occupied by the fluid
to the total volume of the element.

Applying Egs. (10)—(14) yields Eq. (15) and Tables 5 and 6

(2 Sik; > Dzl‘ 2
o= —_—
2.8 ) ki

In Fig. 4a, ¢ is the temperature calculated using
Q= % and k; = %, while #~! is the temperature cal-
culated using ¢ = & and k; = %2 In Fig. 4b, ¢' is the
temperature calculated using ¢ = % and k; = 3?1'17KW for
vanadium film, while ¢~ is the temperature calculated
using ¢ = § and k; = 2%2¥ for silicon film (Tables 9, 10,

11).

19)

9 Results and discussion

From the cooling thermal profiles of vanadium con-
centration, material thickness and temperature, it is

The temperature distributions are examined under an
irradiating laser intensity of 0.45 W, pulse energies of
200-1100 mJ, wavelength of 248 nm, ablation fluencies
range of 0.3 and 30 J cm™2. The temperature distribu-
tion in fluid layer in series (Fig. 4a, b) was investigated
via the mesh theory. The fluid phase of the vanadium
and silicon films (Fig. 4a) follows a negative trend
which affirms the incompatibility of the heterogeneous
reaction [24]. The compatibility of vanadium film at its
fluid in series phase affirmed its compatibility even at
varying k;. The effective decay rate probability density
function [25] which is peculiar to photoluminescence
decay was exhibited as elements relax into equilibrium
(see Fig. 6). When the ultrashort KrF excimer laser
pulse drives the system out of equilibrium, the response
of the correlated electronic system when silicon is at the
topmost layer (for both the layer in series and in paral-
lel) experiences an initial modulation and then demod-
ulates to attain equilibrium while the vanadium at the
topmost layer (for both the layer in series and in paral-
lel) experiences an initial demodulation until it attains
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Fig. 5 a Temperature distribution of heterogeneous reaction; b Temperature distribution of homogeneous reaction
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Fig. 6 a Theoretical trends of Temperature profiles in series solidification. b Experimental trends of Temperature profiles in series solidification

Mahmoudi et al. [29]

equilibrium. This shows the importance of stoichiom-
etry and characteristic effects on preferential reaction
of the silicon and vanadium to achieve microelectronic
results. The possible critical temperatures of the inter-
layer were shown to be 188 and 192 K. Previous experi-
ments on the silicon-vanadium material (nano-materi-
als) show a critical temperature of 145 K [26]. Though
the temperature distribution of the cooling system
was found to align with the experimental results [27],
Fig. 5a revealed that the homogenous reaction between
silicon film and glass are not compatible during solidi-
fication along the parallel phase. However, the hetero-
geneous reaction between the vanadium and silicon film

@ Springer

is compatible (see Fig. 5b). Further on the heterogene-
ous metallic compound, Fig. 6 affirmed it’s correct-
ness-experimentally. For example, the model was able
to capture the temperature profiles of a plateau cooling
curve (from centerline jets of an experimental work). At
the plateau, the temperature (known as the solidification
temperature) is almost constant. Other known features
like sudden change in the slope of the curve attest to
the validation of our model. In other words, the dynam-
ics of the electronic structure of the thermally-excited
materials is hinged on the complementary stoichiome-
try signatures, thermal properties amongst others. Also,
V,05;-Si0, compounds are more efficient in the series
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Fig. 7 a Theoretical trends of Temperature profiles in series solidification. b Experimental trends of Temperature profiles in series solidification

Ferreira et al. [30]

type of layering. Series types of layering are the most
viable options to improve the conductivity of hetero-
geneous metallic compounds. It also help to reduce the
localization of electron—hole to site in semiconductors
[28] etc. Also, we further investigated the characteris-
tic temperature profile within each layers in series. It
was also validated experimentally [30] hence, the ther-
mophysical properties of alloy i.e. its solidification
process is upward as shown in the Fig. 7. These results
affirm the idea of stacking the building blocks of VN to
manipulate its electrical property and electronic struc-
ture [11].

10 Conclusion

The in-depth analysis of the fluid phase in series and par-
allel, as well as the solid phase in series and parallel has
affirmed that this idea can be used to implement para-
metric cooling in superconducting materials. The opera-
tion parameters of the KrF excimer laser adopted for this
study enables the material to exhibit the effective decay
rate probability density function which is peculiar to the
photoluminescence decay. This makes VN a good candi-
date for semiconductor technology. Hence, the dynamics
of the electronic structure of the thermally-excited VN
products is hinged on the complementary stoichiometry
signatures, thermal properties amongst others. The tem-
perature distribution of the cooling system of VN prod-
ucts was found to align with experimental results. It also
revealed that the homogenous reaction between silicon
film and glass are not compatible during solidification
along the parallel phase. The maximum possible criti-
cal temperatures of the inter-layer were calculated to be
about 206 K.
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