
Applied Mathematics and Nonlinear Sciences, 9(1) (2024) 1-15 

 

 

 

Applied Mathematics and Nonlinear Sciences 
 

https://www.sciendo.com 

  

 
†Corresponding author. 

Email address: 15100526039@139.com ISSN 2444-8656 

  https://doi.org/10.2478/amns.2023.1.00064 

 © 2023 Sheng Bi, Xiaoying Ye, Yang Shao, published by Sciendo. 

  This work is licensed under the Creative Commons Attribution alone 4.0 License. 

 

 

Electronic properties of diamond semiconductor materials: based on response surface 

model 

 
Sheng Bi1, Xiaoying Ye1, Yang Shao1,† 

1. Tangshan Polytechnic College, Tangshan 063299, China 

 

  

Submission Info 

 

Communicated by Z. Sabir  

Received March 11, 2022 

Accepted July 17, 2022  

Available online March 20, 2023 

 

Abstract 

Diamond, a wide bandgap semiconductor material, has excellent physicochemical properties. It has great potential for 

application in high temperature, high frequency, high power electronic devices and other high technology fields. In order 

to study the electronic properties of diamond more precisely, an AM-response surface model is developed in this paper 

to investigate the electronic structures of diamond, P-doped diamond and N-doped diamond surfaces in depth. It is shown 

that there are three forms of charge states in the single vacancy on the diamond surface. When E=0 V, the negative charge 

energy level is -0.5 mV, the positive charge is 1 mV, and the zero level remains 0. And its energy level is unstable. In 

contrast, the double vacancy charge on the diamond surface varies depending on the valence band taken by E, and only 

one charge state exists. When E<0, the diamond surface vacant electron nature is negative charge state. When E>0, it is 

positive charge energy level. The electronic properties of the P-doped diamond semiconductor material are calculated to 

have a constant positive charge (1 mV). The electronic property of N-doped diamond semiconductor material is constant 

negative charge (-1mV). 
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1 Introduction 

Semiconductor materials possess excellent electrical and optical characteristics because of their stable 

structure and rich physical connotation [1-2]. And their low prices enable them to have broad 

applications in new energy, optical devices, integrated circuits, etc. in production life. It is a 

meritorious material that drives human society into a new era of a new production and lifestyle [3-4]. 

The first generation of silicon-based semiconductors was with diamond-type structure and they were 

successfully applied to make integrated circuits, which brought a great contribution to the 

development of computer industry and network engineering [5-6]. However, because they are 

inherently indirect bandgap semiconductors limit their luminescence efficiency in the photoelectric 

conversion process, and silicon transmission is slow and single-function [7-8]. The second generation 

semiconductor materials are represented by gallium arsenide, which are materials with direct band 

gap of sphalerite structure and can be used in light-emitting devices. The third-generation 

semiconductor materials represented by gallium nitride are new semiconductor materials developed 

after silicon-based and gallium arsenide semiconductors [9-10]. They can be prepared into two 

structures at atmospheric pressure, which are fibrillated zincite type and sphalerite type. However, 

the strength and toughness of the above semiconductor materials have disadvantages. While diamond 

has very high hardness and refractive index, it has a wide range of applications in jewelry, industry, 

and scientific instruments [11-12]. And it has played a revolutionary role in promoting the industries 

such as drilling and mining, machining and electronic devices. It has been shown that diamond, as a 

new semiconductor material, has a wide range of application prospects due to its excellent properties 

[13-14]. The results of the literature search on “diamond semiconductor materials” in China 

Knowledge Network are shown in Tab. 1 [15-16]. From Tab. 1, we can see that in 2022, there are 

4507 articles related to “diamond semiconductor materials”, so it is clear that the scientific research 

on “diamond semiconductor materials” is relatively cutting-edge and has far-reaching research value 

[17-18]. 

Table 1. Number of literatures on the topic of “diamond semiconductor materials”, 2018-2022 

year Number (thousands of articles) 

2018 0.342 

2019 0.678 

2020 1.327 

2021 3.012 

2022 4.507 

Diamond is a semiconductor material with excellent properties such as wide band gap, high thermal 

conductivity, high carrier mobility, room temperature hole mobility (5 times higher than silicon) and 

unique surface conductivity [19-20]. The operating temperature can reach 300-400°C (the highest 

silicon device is only 200°C), and the quality factor of microwave power devices is 700 times higher 

than that of arsenide graft and 800 times higher than that of silicon, and so on. With the rapid 

development of modern science and technology, the requirements for high temperature resistance, 

radiation resistance, ultra-high speed and high-power semiconductor devices and integrated circuits 

with high integration have been increasing [21-22]. Both scientific and industrial communities have 

recognized that diamond wide bandgap semiconductor materials and devices are the most promising 

semiconductor materials with very attractive development prospects. However, natural diamonds 

usually require hundreds of millions or billions of years of crystallization under extremely high 

pressure and temperature in the Earth’s lithosphere and are carried to the surface by lava from 

volcanic eruptions [23-24]. Moreover, the purity and homogeneity of natural diamonds are difficult 

to reach the optical magnitude, thus limiting their applications in many fields including optical 
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windows, lenses, and sensing. In the past decade or so, the growth technology of single-crystal 

diamond has gradually matured, and now high-quality optical-grade artificial diamond crystals with 

lengths of more than 1 cm have been obtained [25-26]. Their purity is several orders of magnitude 

higher than that of the diamonds present in nature. At the same time, the emergence of artificial 

single-crystal diamond has become an important turning point for people to explore again the 

application of diamond in the field of semiconductors. According to Pan [27], diamond has a wide 

range of applications in production life, both as a two-dimensional layered material and as a 

semiconductor material. Zhang [28] showed that the electronic properties in this diamond are worthy 

of further investigation by scientists, and the physical mechanism behind these electronic properties 

is also a new challenge for condensed matter physics. Ohmagari [29] showed that the change in the 

current signal before and after the reaction on the diamond surface can be measured by 

electrochemical means. Because of its long-term stability, this system can even be used in sensor 

systems to track and monitor the dynamics of pathogens in living organisms in real time. This is a 

breakthrough in the field of molecular biology and biosensor fabrication. It has stimulated the interest 

in the research of diamond semiconductor materials. According to Lukosi [30], diamond is the most 

promising semiconductor material in recent years as a wide-bandgap semiconductor with a wide 

range of applications for military fields as well as for production life. Therefore, the investigation of 

the electronic properties of such semiconductor materials has profound implications for the 

understanding of such materials and their applications. 

In the previous semiconductor electronic property tests, a lot of human and material resources are 

required to figure out the experimental conditions, which results in higher experimental costs. If the 

phase transition test points can be predicted theoretically, the consumption of materials as well as 

costs can be directly reduced [31-32]. The response surface model can perfectly solve the above 

problems. Response surface models are mainly used to establish the mapping relationship between 

the structure and charge of semiconductor materials [33-34]. And an experimental technical tool 

based on statistical analysis is established. The computational process of the response surface model 

is: first, sufficient sample points of design parameters are selected within the range of semiconductor 

parameters taken in the finite element model. Selection of specific structural response values as 

sample electronic property parameters. Then, the semiconductor parameter sample points are brought 

into the response surface model to calculate the corresponding structural response values to form the 

structural response sample space [35]. The explicit functional relationship between the semiconductor 

parameter samples to the structural response samples, i.e., the response surface model, is established 

by the function fitting tool, which can be used as a proxy model for the electronic property parameters 

of semiconductor materials.  

Based on the above research background, this paper establishes the AM-response surface model based 

on the conduction function in the capture theory and conducts an in-depth study on the electronic 

properties of diamond semiconductor materials. The study mainly covers the electronic structure of 

diamond, P-doped diamond and N-doped diamond surfaces. And specifically analyze the effect of 

different vacancies and doping ions on their electronic properties. 

2 Response surface model study based on the derivative function 

The most fundamental physical processes in diamond semiconductors are charge carrier injection and 

transport, and they have a very direct and critical impact on the performance characteristics of the 

material such as brightness, efficiency, energy dissipation, and lifetime. Since, the thin film structure 

of diamond semiconductors is disordered and amorphous, the physical processes of charge carrier 

transport become more complicated compared to the conventional inorganic semiconductor materials. 

Therefore, in this paper, a response surface model is developed based on the conduction function in 
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the capture theory. A computational study of the electronic properties of diamond semiconductor 

materials is carried out. 

2.1 Capture theory study 

The capture currents are classified into two categories, injection-limited and bulk-limited, according 

to the reasons for current limitation in semiconductor materials. When the charge carrier mobility of 

the material is high and there is no space charge inside the device to form the opposite electric field, 

the device current is mainly determined by the injection at the interface. Generally, the interface 

potential barrier is higher at this time, which is called injection-limited current. Conversely, when the 

interface potential barrier is low, i.e., the quasi-ohmic contact state, it is easy for charge carriers to be 

injected from the interface at this time. However, because of its more difficult transmission inside the 

device, the opposite electric field space charge is quickly formed, preventing further injection and 

transmission of charge carriers from the interface. This current is called the body-limited current. 

This is the basic space charge limiting current. In addition, the purity of the diamond semiconductor 

material is not very high, impurities exist, as well as the material tends to crystallize during the coating 

process. Therefore, there are a large number of defects in the general film, which causes the transport 

process of charge carriers in organic thin film devices to appear more cumbersome. For this reason, 

a transport model based on diamond semiconductors is proposed. Among them, the trap capture 

theory describing the current-voltage characteristics of organic semiconductor devices is the most 

common. 

The trapping theory is mainly based on Poisson’s equation and current density equation, which 

describe the transport process of organic semiconductor charge carriers under traps with 

inhomogeneous spatial distribution. Poisson’s equation and current density equation for the single-

carrier, trapped case is given below. 

 

( )
( ) ( )t

E x
x x

q x


 


 = +

  (1) 

 
( ) ( )J q x E x=

 (2) 

Where ( )E x  is the electric field strength, J  is the current density, V  is the DC bias voltage, ( )x  

is the charge carrier density, ( )t x  is the captured carrier density,   is the carrier mobility, d  is the 

sample thickness,   is the dielectric constant of the sample, and q  is the meta-charge. The boundary 

conditions are shown below. 

 0
( )

a

V E x dx=   (3) 

(a) If the presence of the trap is not considered (ideal case), ( )=0t x , Poisson’s equation can be 

written as. 

 

( )
( )

E x
x

q x





= =

  (4) 

At this point, solving equations (2), (3) and (4) yields. 
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Eq. (5) is the Mott-Gurney equation, also known as the square law for the space-charge-limited 

current in the absence of traps. 

(b) Traps confined to single and multiple discrete energy levels 

In this case, the trap is considered to be discrete in energy and uniform in space, then the current-

voltage characteristic can be expressed as. 

 

2

3

9

8
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J

d
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Where 
( )

( ) ( )t

x

x x




 
=

+
. If the traps are spatially inhomogeneously distributed, the sample thickness 

should be converted to the effective thickness. 

(c) Traps with exponential distribution in the forbidden band energy gap 

The current-voltage characteristics in this case are expressed as. 

 

1
1 1

2 1
( ) (

1
)

2

1 1

l
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b

l l V
J q N
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


+
− +

+

+
=

+ +
 (7) 

Where   cl T T= , cT  are the characteristic constants of the distribution and bH  is the trap density. 

(d) Trap with Gaussian distribution in the forbidden band energy gap 

In case of shallow traps, the current-voltage characteristics in this case are expressed as. 

 

2

3

9

8

V
J

d
 =

 (8) 

In case of a deep trap, the current-voltage characteristic in this case is expressed as. 

 

1
1 1

2 1
( ) (

1
)

2

1 1

m
m m m

v m

b

m m V
J q N

m m H d




+
− +

+

+
=

+ +
 (9) 

Where 𝑚 = (1 + 2𝜋𝜎𝑡
2/16𝑘2𝑇2)1/2. 

2.2 Conductivity function study 

The admittance function (AM) is one of the capture algorithms with a small amplitude sine wave as 

the detection signal. The system to be investigated is studied by establishing the relationship function 

between the detection signal and the output signal to obtain the conductance (impedance) information 
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over a wide frequency range. It is also important to note that the AC probe signal applied to the system 

to be studied is so small that its effect on the system can be basically ignored. 

This paper is mainly based on the conductance function to study diamond semiconductor materials. 

A small amplitude AC voltage signal 𝑣(𝑡) = 𝑉𝑚 𝑠𝑖𝑛( 𝜔𝑡) is applied to the organic semiconductor 

sample to be measured, and a small amplitude AC current signal 𝑖(𝑡) = 𝐼𝑚 𝑠𝑖𝑛( 𝜔𝑡 + 𝜃) will be 

generated at the same time, and the phase difference between the two signals is 𝜃. The conductance 

is defined as the ratio of the output current signal to the input voltage signal, i.e., 𝑌(𝜔) =
𝑖𝑎𝑐 

𝑣𝑎𝑐
= 𝐺 +

𝑖𝐵, where 𝐺 is the conductance, 𝐵 is the conductance, and 𝜔 is the angular frequency. There is a 

relationship between the conductance and capacitance and the angular frequency 𝐵 = 𝜔𝐶, 𝐶 is the 

capacitance. In this way, it is obvious from the equations that the conductance is closely related to 

the conductance and capacitance, and many electrical properties of organic semiconductors are 

related to the conductance and capacitance, thus the conductance wave spectroscopy establishes the 

connection between the electrical parameters within organic semiconductors, which is extremely 

important for the study. 

Experimental direct measurements of the conductance information spectra of the studied systems are 

generally available in only one form. A variety of different spectral curves can be transformed 

according to the relationship of the conductance-nano function (10), which makes it possible to study 

and analyze the experimental data more effectively and to better reflect the electrical properties of 

the system in many ways. 

 

1
( ) ac

ac

i
Y G iB G i C

Z v
 = = = + = +

 (10) 

Specific conductance spectral curves are often used in the following forms: conductance-frequency 

curve （𝐺 − 𝑓）, capacitance-frequency curve （𝐶 − 𝑓）, normalized capacitance-frequency curve 

（𝐶/𝐶𝑔𝑒𝑜 − 𝑓）, negative differential conductance-frequency curve （ − 𝛥𝐵 − 𝑓）, 

conductance/frequency-frequency curve （𝐺/𝑓 − 𝑓） , and so on. From the different forms of 

conductance spectra, we can well analyze the characteristics of the studied system, such as negative 

capacitance phenomenon, interfacial activation energy magnitude, carrier mobility, and so on. 

Based on the theory of space charge-limited currents, the conductance model (13) is obtained based 

on the current density equation (11) and Poisson’s equation (12), and then by Fourier transform. 

 

( , )
( ) ( , ) ( ) ( , )

E x t
J t q x t t E x t

t
  


= +

  (11) 

 

( , )
( , ) ( / )

E x t
x t q

x
 


=

  (12) 

Where 𝛺 = 𝜔𝜏𝑡  is the normalized frequency, 𝜇(𝛺) is the normalized carrier mobility, and 𝑀and 

𝛼 are the dispersion parameters of the material, where 𝑀 = 0, 𝛼 = 1, and 𝜏𝑡  are the steady-state 

carrier migration times for trap-free non-dispersive transport. 

 

3

2 2
( ) ( )

2 [ ( )] {1 exp[ / ( )]} 2 ( )t

A
Y

d i i i



   


 =

 − −   +  − 
 (13) 
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Where, 

 

( )
1

t

dc

( )
( ) 1 M i


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

−
 = = +

 (14) 

2.3 Response surface model study based on the conductivity function 

Ideally, the organic layer is trap-free. However, because the purity of organic semiconductor materials 

is not particularly high, and because of the defects that may arise during the preparation of organic 

thin films, the influence of traps cannot be ignored when establishing the theoretical admittance 

(AM)-response surface model. Assuming the exponential distribution of traps and considering the 

electric field-dependent characteristics of carrier mobility, the conductance model with single carrier 

transport and exponential trap distribution is established. At this point, the current density equation 

and Poisson’s equation take the following form. 

 

( , )
( ) ( , ) ( , )

E x t
J t q x t E x t

t
  


= +

  (15) 

 

( , )
( / ) ( , ) ( , )t

E x t
q x t x t

x
  


= +

  (16) 

The trap state dynamics process is described by the following equation. 

 
( )t t/ t td dt c N e   = − −

 (17) 

The AM-response surface model is built under these three assumptions: (1) no trap, (2) single carrier 

injection, and (3) carrier mobility versus concentration ban = . Similarly, the steady-state current 

density equation, derived from Poisson’s equation and the current density equation through complex 

mathematical and theoretical equations, is obtained as follows. 

 

1 2 2

2 3 2 3

( 1) (2 3)

( 2)

b b b b

b b

b b V
J a

q b L




+ + +

+ +

  + +
=  

+   (18) 

When b  takes 0, (18) becomes the well-known Mott-Gurney equation. 

After adding the small AC voltage signal, the theoretical conductance model obtained by the tedious 

derivation of the equations is. 

 
geo

1 1
( ) Re Im

(2 3) ( ) ( )

acdj
Y A i C

b v dV v


   
 = +   

+        (19) 

Previously established theoretical conductance models have ignored the influence of the interface on 

the charge carriers, considering that the interface is in ohmic contact; in fact, the state of the interface 

has a very important influence on the charge transport. Based on the single carrier injection 

conduction model, the influence of the interface state needs to be considered. The AM-response 

surface model is established. The interface state properties are shown as follows. 
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( ) ( )1
2 2 2 2 B

B 0

0exp /r rN
g E E E E k T

k T
 − = − −
 

 (20) 

Similarly, after a complex derivation of the equations, the following AM-response surface model is 

obtained. 

 
( ) ( ) ( ) ( )12 12

1 2 2 2 2 2 2

r v v
Y q g E E E E E dE

V V





+

−

  
= − + 

   


 (21) 

The AM-response surface model is a powerful electrical measurement tool, and the conductance 

information enables to obtain many electrical parameters about organic semiconductor materials, 

such as capacitance, conductance, electronegativity, impedance, etc. Based on this information, there 

are many applications in organic semiconductor research, as follows. 

According to the above equation, the single carrier AM-response surface model at trapless is obtained 

as follows. 

 

3

2 2
( ) ( )

2 [0.75 ( )] {1 exp[ 4 / 3 ( )]} 1.5 ( )dc

A
Y

d i i i



   


 =

 − −   +  − 
 (22) 

Where ( )
1

dc

dc

( )
( ) 1 M i


 



−
 = = +  and  dc =  are the normalized frequencies, M and  are 

the dispersion parameters of the material, and dc  is the steady-state carrier migration time. 

Space-charge-limited current theory based on single-carrier transport. The impedance of organic 

semiconductor thin film devices with only single carrier transport can be described by the following 

equation. 

 0

1 ( 1)
6 ( ) ( )

3 ( 2)

k k

i

k

Z R i
k k

 


 



=

 +
= − 

+  + +


 (23) 

Where   is the Eulergamma function, iR  is the resistance increment in the low frequency region,   

and   are the capture parameters,  t = . 

At low frequencies 2  1f （ ）, the first term of the above equation dominates, so there is an 

impedance 2 / (1 )Z Ri = + , and because    = 1/Y Z G i C= + , there is 

 
2 2

1 1
( )

2 (1 )i

A
G

R A B
 



 +
= + 

+ +   (24) 

 
2 2

1
( )

2 (1 )i

B
C

R A B



=

+ +
 (25) 

In the above equation, 𝐴 = ∫ 𝑁𝑡
𝐸𝐶

𝐸𝑣
(𝐸)𝑆𝑡𝑣th 𝛾𝑡(𝐸)/[𝛾𝑡(𝐸)2 + 𝜔2]𝑑𝐸, 
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𝐵 = 𝜔 ∫ 𝑁𝑡
𝐸𝑐

𝐸𝑣
(𝐸)𝑆𝑡𝑣th/[𝛾𝑡(𝐸)2 + 𝜔2]𝑑𝐸, 𝐸𝑐is the conduction band energy levels, 𝐸𝑉  is the valence 

band energy level, 𝑆𝑡 is the capture cross section area, 𝑣𝑡ℎ is the electron thermal motion velocity, 

and 𝛾𝑡  is the release probability. 

 
( )0 tht t

B kT
N E S v



 


=

  (26) 

From equations (24), (25) and (26), the constant domain state distribution is obtained as. 

 

( )
   

2

0 2 2

th

2 ( )

2 ( ) 2 ( ) 1

i

i i i

R C
N E

S v kT R C R G

  

    

   
=  

 + −    (27) 

In addition, 

 0 ln( / )CE E kT v − =
 (28) 

Substituting the conductance 𝐺(𝜔) and capacitance 𝐶(𝜔) into (27) and (28), the fixed domain state 

distribution, the impedance information of the device and the fixed domain state part are obtained. 

For modeling purposes, the AM-response surface model for anode ohmic contact single carrier 

injection (in the case of cavities) without traps will be derived in detail. A one-dimensional model is 

used, with the plane located at   0x =  as the cavity injection interface (anode). The plane located at 

 x L=  is used as the collecting interface (anode), and the sample thickness is L . Since the anode is 

an ohmic contact, ( 0, ) 0E x t= = . 

Electric field dependent mobility. 

 0( ) exp( )E E  =
 (29) 

 
( ) ( )ˆ ˆ

dc dc

dc

E E E E
E


 


+ = +


 (30) 

 

1
( )

2
E

E E

 



=

  (31) 

In this way, the AM-response surface model (30) equation can be described as ( , , , , )Y Y L S f = , 

where only one migration time is a variable and all others are known quantities. However, dispersive 

transport not only produces a widely distributed migration time, but also gives rise to a time- 

(frequency)-dependent mobility ( )  . Considering again that the mobility is related to the electric 

field, the mobility can be written in the form of (  ,  )E  . Separating time and electric field gives 

( ) ( )E   , where 1( ) 1 ( )M iw    −= + . 

In this way, under DC conditions, ( ) 1  = .  

Solving (29), (30), (31) yields. 
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( ) ( )

1/2 1/2 1/2

3/2
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( )

2 2
dc
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E x x x x

E L E 
= = =

 (33) 

Based on a large number of algorithmic studies, this section introduces the basic concepts and 

fundamentals of the conductivity function in detail. It also summarizes the specific applications of 

the AM-response surface model in the study of diamond semiconductors. The measurement of carrier 

mobility of diamond semiconductors and the study of fixed domain state distribution of organic 

semiconductors are presented. Finally, a detailed derivation of the process of building a single-carrier 

AM-response surface model without traps and an analytical discussion of it are presented. This 

section provides a general and systematic introduction to the conductivity function and how to use 

the AM-response surface model to study diamond semiconductors. 

3 Diamond semiconductor material electronic properties research 

3.1 Study of electronic properties of diamond surface vacancies 

As the dimensionality of microelectronic devices continues to decrease and the specific surface area 

increases. The effect of diamond surface defects on their electronic properties becomes more and 

more prominent. Vacancy is an important defect. Its effect on the growth and electronic properties of 

diamond semiconductor materials is obvious. Therefore, it is of far-reaching significance to study the 

electronic properties of diamond surface vacancies from a microscopic perspective. In this paper, the 

AM-response surface model is developed based on the capture theory using a double-precision AM 

function. AM function is expanded according to an exact numerical basis set. For the numerical 

integration we use a medium precision grid. A 2×2×3 grid generated by the Mott-Gurney equation 

was used for both structural optimization and single electric energy calculations. Parallel hexahedral 

method was used for electron density calculations. Only a 3-layer grid was applied for calculating the 

electron properties. 

The calculated electronic properties of diamond at single vacancy are shown in Figure 1. The 

calculation of the single vacancy charge on the diamond surface by the AM-response surface model 

reveals that it can exist in the form of three charge states: i.e., positive, zero and negative charge. This 

indicates that the electronic properties of the diamond surface vacancy can be carried out by the 

change of the charge state. From Figure 1, when E = 0 V, the negative charge energy level is -0.5 mV, 

the positive charge is 1 mV, and the zero position remains 0. This indicates that the nature of the 

vacancy electrons on the diamond surface depends on the charge state and the magnitude of the Fermi 

energy level E. When E is certain, the lower the charge state is, the lower the formation energy is. As 

E gradually increases, the formation energy of the positive charge state increases. This indicates that 

the negative charge state formation energy decreases. It means that it is more difficult to exist stable 

electronic properties. Therefore, it can be concluded that multiple charge states can exist in diamond 

surface vacancies. Regardless of the value of the Fermi energy level E, the electronic nature of the 

single vacancy on the diamond surface is unstable. 
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Figure 1. Analysis of electronic properties at single vacancies on the surface of diamond 

By removing two atoms from the linked structure of diamond semiconductor material, a double 

vacancy structure is formed. The calculated electronic properties at double vacancies on the diamond 

surface are shown in Figure 2. The calculation of the diamond surface double vacancy charge by the 

AM-response surface model reveals that it can exist in three charge state forms: i.e., positive charge, 

zero-site and negative charge. However, unlike Figure 1, only one charge state exists in the diamond 

surface vacancy according to the valence band value taken for E. That is, when E < 0, the negative 

charge energy level is -1 mV, the positive charge is 0 mV, and the zero position is 0. That is, when 

E<0, the negative charge energy level is -1 mV, the positive charge is 0 mV, and the zero position is 

0. The electronic nature of the diamond surface vacancy is a negative charge state. When E>0, the 

negative charge energy level is 0 mV, the positive charge is 1 mV, and the zero position is 0. The 

electron nature of the diamond surface vacancy is a positive charge state. In addition, the total energy 

of double vacancies is higher than that of single vacancies. It means that they are the most stable form 

of electrons. 

 

Figure 2. Analysis of electronic properties at double vacancies on diamond surface 
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3.2 Study of electronic properties of ion-doped diamond 

From the calculation, it is clear that defects exist on the surface of undoped diamond semiconductor 

materials. They can be classified as single vacancy defects and double control defects. In order to 

make the diamond semiconductor material more stable, the ions are doped in the diamond 

semiconductor and used to fill the defective vacancies. This measure has attracted the attention of 

researchers. Therefore, in this section, the electronic properties of ion-doped diamond are calculated 

by AM-response surface model. The commonly used doping ions are P-ion, N-ion, and Na-ion. Since 

Na-doped diamond, which requires high activation energy, is not suitable for use at room temperature. 

Therefore, in this paper, P ions and N ions are selected to be brought into the AM-response surface 

model for calculation. The calculation results are shown in Figure 3 and Figure 4. Figure 3 shows the 

calculation results of electronic properties of P-doped diamond semiconductor material. From Figure 

3, it can be seen that the P-doped diamond semiconductor material has only one state of charge, i.e., 

positive charge state. When E>0, the positive charge energy level is constant at 1 mV, and the energy 

level of the negative charge and zero position is constant at 0 regardless of the value of E. This 

indicates that the P-doped diamond semiconductor material allows all atoms to move freely until the 

system energy reaches its maximum during the structure optimization process. 

 

Figure 3. Analysis of electronic properties of P-doped diamond 

Figure 4 shows the calculated electronic properties of N-doped diamond semiconductor materials. 

From Figure 4, it can be seen that the charges of N-doped diamond semiconductor materials are all 

negative charge energy levels. This indicates that the structure of the material allows all atoms to 

move freely during the growth of the P-doped diamond material until the energy of the system reaches 

the minimum. 
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Figure 4. Analysis of electronic properties of N-doped diamond 

4 Conclusion 

In this paper, an AM-response surface model is developed based on the conductance (AM) function 

of the capture theory. The electronic structures of diamond, P-doped diamond and N-doped diamond 

surfaces were calculated. The effects of different vacancies and doping ions on their electronic 

properties were specifically analyzed. Specific conclusions are as follows. 

1) Calculation of the single vacancy charge on the diamond surface by the AM-response surface 

model reveals that it can exist in three charge state forms: i.e., positive, zero, and negative 

charge. When E=0 V, the negative charge energy level is -0.5 mV, the positive charge is 1 

mV, and the zero position remains 0. This suggests that the nature of vacant electrons on the 

diamond surface depends on the charge state and the magnitude of the Fermi energy level E. 

Therefore, the electronic properties of the single vacancies on the diamond surface are 

unstable regardless of the value of the Fermi energy level E. 

2) The model calculates the double vacancy charge on the diamond surface and finds that only 

one charge state exists in the vacancy on the diamond surface according to the valence band 

value of E taken. When E<0, the negative charge energy level is -1 mV, the positive charge 

is 0 mV, and the zero position is 0. The nature of the vacant electrons on the diamond surface 

is a negative charge state. When E>0, the negative charge energy level is 0 mV, the positive 

charge is 1 mV, and the zero position is 0. 

3) The calculation shows that the P-doped diamond semiconductor material has only one state 

of charge, i.e., the positive charge state. When E>0, the positive charge energy level is 

constant at 1 mV. The charges of N-doped diamond semiconductor materials are all negative 

charge energy levels. When E < 0, the energy level of negative charge is constant at -1 mV, 

and the energy level of positive charge and zero position is constant at 0 regardless of the 

value of E. This indicates that during the growth of P-doped diamond semiconductor materials, 

the material structure allows all atoms to move freely until the energy of the system is 

minimized. 
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