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Abstract ; J

Recent advancements in infrared detection technol haye garnered
significant attention due to their essential applicati ross various fields,
including telecommunications, night vision, h-rgsolution imaging.
This study explores the potential of black phosphdrene, a two-dimensional
material with unique structural and electronic properties, as a promising

candidate for infrared detectors. The research investigates the impact of
T
h

ambient temperature, impurity, amd t voltage on the electrical
conductivity of black phosphorene, izing its tunable band gap and
high carrier mobility. Utilizing quarit%chaos theory and random matrix
theory, we analyze the system' amics and identify optimal conditions for
detector performance. O 1n@indicate that at room temperature, with a
voltage of 2 V and Nﬁ impurity concentration of 1.1%, black
phosphorene exhibits /a” faverable transition toward the Wigner phase,
enhancing its cofiduct operties. Additionally, the study highlights how
varying impuri é&jnﬂuence energy level distributions, transitioning the
system from gnsulating to metallic behavior. The results underscore the
igni controlling impurity and temperature in optimizing black
infrared detection applications. This work contributes to
unde black phosphorene's capabilities and lays the groundwork for
future innovations in infrared detector technologies.
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! Infrared (IR)

% Infrared detectors

3 Lead selenide (PbSe)

4 Mercury Cadmium Telluride (HgCdTe)

5 Indium Gallium Arsenide (InGaAs)

¢ Complementary Metal-Oxide-Semiconductor (CMOS)
7 Black phosphorus (BP)
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! Stark effect
2 Terahertz
3 Molybdenum disulfide (MoS,)
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! Tight-binding

2 Hubbard

3 Anderson-Holstein
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2 Green's function
3 Molecular dynamics simulations
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2 Random Matrix Theory (RMT)
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Algorithm 1: P(s)
1:  Input: Hamiltonian Matrix H
> eigen_values = eig(H)
eigen_values = sort(real(eigen_values))
3: H_size = length(eigen_values)
4 eigen_values = eigen_values(round(0.1*H_size):end-
round(0.1*H_size))
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eta = zeros(1, length(eigen_values))
For index_E = 1:length(eigen_values) do
N = find(eigen_values <= eigen_values(index_E))
eta(index_E) = length(N);
end
f = polyfit(eigen_values',eta,p_degree);
chi = zeros(length(eigen_values),1);
For index_f = 1:length(f)
chi = chi + f(index_f).*eigen_values.” (length(f)-index_f)
end
E1 = sort(chi)
hist(E1)

s = diff(E1) C, ?
a = find(s> 7) %
s(a)=1] @

n_bins = 2*sqrt (length(E1))
[p_s,bin] = hist (s,n_bins)
binsize = (bin(2)-bin(1))
p_s = p_s./sum(p_s)/binsize
12: mean(s)
Eta=0.01:0.01:0.99
p_degree =40
counter = 1 o

Error = zeros(l,length(Eth
index_eta =10

for eta = Eta

index_eta =1 x_@;

alpha = gamlw / (eta+1))” (eta+1);

A = alpha .% +1)3

14: p_eta& A @in."eta .* exp(-alpha.*bin.” (eta+1)) ;

error = ta-p_s;
Err%l " eta) = sum(error.*2);

aSfind(Error==min(Error))
Optimized_eta(counter) = Eta(a)
timized_alpha = gamma((Optimized_eta(counter)+2)/
(Optimized_eta(counter)+1))* (Optimized_eta(counter)+1)
x =0.01:0.01:max(s)
p_eta = optimized_alpha .* (Optimized_eta(counter)+1) .*
x.*Optimized_eta(counter)...
17: .* exp(-optimized_alpha.*x.” (Optimized_eta(counter)+1))
p_w = (pi/2).*x.*exp(- (pi/4)*x."2)
P_p = exp(-x)
18: createfigureP_s(bin, p_s, X, p_w, p_p)
hold on
plot(x,p_eta,'g','LineWidth',2)
plot(x,p_w,'g",x,p_p,'r',x,p_eta,'k")
hold on

— = \O o0 - AN W

— O

13:

15:

16:
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stairs(bin,p_s)

Algorithm 2: CreatefigureP s
1:  function createfigureP_s (X1, YMatrix1, X2, YMatrix2, YMatrix3)
%CREATEFIGURE(X1, Y1, YMATRIX1)
% XI1: stairs x
% Yl1: stairsy
% YMATRIX1: matrix of y data
2: % Create figure
figurel = figure

% Create axes E
axesl = axes('Parent',figurel) @

box(axesl,'on")
hold(axesl,'all') ‘
% Create stairs

plot1(1) = stairs(X1,YMatrix1,'Parent',axes1,"Color’, [0 0 0])

% Create multiple lines using matrix input to plot
plot1(2) = plot(X2,YMatrix2,'Paren

plot1(3) = plot(X2,YMatrix3,'Parént',a

set (plotl(1),'DisplayName','Numerie','Color’, [0 0 0])

set (plot1(2),'Color', [1 0 (@play ame',"Wigner')
9

set (plot1(3),'Color',J0 0 playName','Poisson"')
3: % Create xlabel

xlabel ('s','antSi@,’ ontName','Times New Roman')
% Create %
ylabel('l’g tSize',16,'FontName','Times New Roman')

(1)

Createjlégend

end(@xesl,'show’) ;

gend,'EdgeColor', [1 11],'YColor', [11 1] ,'XColor', [111],...
'"FontSize',14,...

'FontName','Times New Roman' ;
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