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Here, we investigate and analyze the electronic properties of ladder- and zigzag-patterned antiphase 
boundaries (APB) in II-VI and III-V semiconductors based on first-principle calculations performed 
on ZnS and InP. From the bandstructure analysis on these configurations, we evidence a direct 
correlation between Fermi levels positioning and the bond length in ladder-patterned APBs. The 
changes on the APB bond lengths and electronic properties from III-V to II-VI ladder APBs are 
discussed based on the charges and atoms electronegativity. We then show how the specific atomic 
configuration of the zigzag-patterned and ladder-patterned APBs differ from the point of view of 
force accommodation. As a result, ladder-patterned APBs are found to be much more sensitive to 
any change of the stress or the chemical environment. We finally demonstrate that a small change 
in the APB bond length deeply modifies the bandstructure and optoelectronic properties of the 
systems (for both III-V and II-VI semiconductors), with possible n- and p-doping type inversion, 
thus opening the way towards APB-engineered photoelectric devices. 

I. INTRODUCTION
Epitaxial integration of III-V (or II-VI) semiconductors on Si substrate [1,2], can combine the

benefits of both Si (e.g., earth abundance, low cost, and prevalence in the electronic and photovoltaic 
industries) and III-V (or II-VI) semiconductors (excellent optoelectronic performances), which have 
raised great interest for integrated photonics [3,4], solar cells [5,6], and solar water splitting [7,8] 
for a long time. Antiphase boundaries (APB) are typical 2D structural defects in epitaxial material 
on Si, which consist of homovalent bonds and have been considered for many years as detrimental 
defects for devices without a clear picture of their optoelectronic contribution in the sample. Recent 
works revealed that the reality turns out to be more complex and these structural defects can also 
provide additional degrees of freedom for developing new devices [9–11].  

The band structures and optoelectronic properties of various III-V APBs have been thoroughly 
studied in recent years [9–12]. These experimental and theoretical works revealed that APBs can 
follow several different atomic configurations which strongly impact their optoelectronic properties. 
Firstly, the band structure and optical properties of III-V stoichiometric {110} APB were clarified 
[11,13], which show that the electronic band gap is reduced by two-dimensional (2D) electronic 
localization. Furthermore, an intrinsic and strong electron-phonon coupling was evidenced around 
the stoichiometric APBs from the analysis of the photoluminescence spectra [11]. Besides, the 
optoelectronic properties of non-stoichiometric APBs were investigated for InP, GaAs, GaP and 
GaSb. It was proved that these APBs introduce metallic states inside the semiconductor matrix, 
giving rise to a hybrid III-V/Si semiconducting/semimetallic structure, which facilitates carriers 
extraction and contributes to good transport and ambipolar properties [10]. Strong influence of APB 
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configurations on Fermi level positioning and thus on band lineups and space charge area have been 
also evidenced in GaP/Si samples based on coherent phonon spectroscopy [14]. Very recently, a first 
coherent picture of their optoelectronic properties was proposed [9], showing that all these 
intriguing properties are fundamentally related to their atomic configuration where atoms can be 
bonded through ladder patterns, zigzag patterns or a combination of the two [9]. In the case of a 
ladder pattern, APB atoms are bonded to one similar atom, and three different ones. In the case of a 
zigzag pattern, APB atoms are bonded to two similar atoms, and two different ones. This changes 
drastically the charge distribution in these objects. This finding led to the proposition of a 
classification for all the possible APBs bandstructures, together with the description of the 
associated Fermi levels and their possible use in optoelectronic devices [9].    

Overall, beyond the structural defect picture depicted in different studies, these works 
demonstrated that APBs are 2D homovalent singularities, composed of different rows of 1D stacks 
of atoms bonded in specific configurations, which symmetry properties differ from the bulk ones, 
leading to unique optoelectronic properties. Their use in optoelectronic devices becomes more and 
more realistic as recent experimental and theoretical works clarified (i) their formation through the 
coalescence of 3D monophase islands [1,15], (ii) the physical processes involved in their 
propagation during the growth [15,16] and (iii) the experimental control of their distribution in the 
sample (Antiphase Domain burying or demonstration of a 1D quasi-periodic array of APDs) [16,17]. 
Thus, further investigations on the physical properties of APBs are of great practical importance, 
for the development of APB-engineered III-V(or II-VI)/Si epitaxial materials and devices.    

Up to now, optoelectronic properties of APBs have been carefully analyzed for weakly polar III-
V epitaxial materials. As compared to III-V semiconductors, II-VI semiconductors are significantly 
more polar, implying that the electric field between atoms is more intense. For this reason, the 
impact of APBs on the physical properties of these materials, which was not studied previously to 
our knowledge, is expected to be even stronger. In the present work, we study and analyze, the 
structural and electronic properties of nonstoichiometric pure zigzag- and ladder-patterned APBs 
(called zigzag and ladder APBs for short) in Zinc blende ZnS based on first-principle calculations. 
Besides, by comparing the APBs in ZnS and InP matrixes, we particularly highlight the strong 
influence of the bond length of ladder APBs on the electronic properties, and doping type.  

II. STRUCTURE AND COMPUTATIONAL DETAILS
The atomic structures of the zigzag and ladder APBs are shown in Figure 1a and Figure 1c

schematically. On these drawings, the Si (001) substrate has been added for clarity, but is not 
included in the calculations. Non-stoichiometric ladder and zigzag APBs are specifically divided 
into two types, corresponding to extreme configurations: one with only goup-II atoms (i.e. 
zigzag:Zn-Zn APB and ladder:Zn-Zn APB) and the other one with only group-VI atoms (i.e. 
zigzag:S-S APB and ladder:S-S APB). The corresponding 3D APB bond configurations are 
displayed in Figure 1b and Figure 1d, where the zigzag and ladder pattern are isolated for clarity 
[9].     
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Figure 1: Schematic of non-stoichiometric zigzag (a-b) and ladder (c-d) APB atomic configurations in 
the Zinc blend ZnS on the Si (001) substrate. 

The zigzag and ladder APB atomic structures for calculations are built by using VESTA software. 
These structures belong to the Pmma and P-3m1 space group, respectively. In order to study the 
APB singularities separately, slabs with specific APB in the middle of the structures were built by 
adding vacuum on both truncated sides (left top and right). Each truncated surface has been 
passivated with fictitious hydrogen atoms (as in previous studies [9,10]) to avoid localized surface 
states, as shown in the supplemental materials [18]. 1s0.5 and 1s1.5 were used as valence electrons 
for the fictitious H* with a net charge of 0.5e and 1.5e to compensate the VI and II elements, 
respectively. The thicknesses of the vacuum regions are large (around 25Å) to reduce interaction 
between the slab surfaces (as explained in ref. [9]). The standard generalized gradient approximation 
(GGA) parameterized by Perdew-Burke-Ernzerhof (PBE) [19] was used for structure optimization 
and the structures were relaxed until the Hellmann-Feynman forces on the atoms are less than 10-4 
eV/Å. The energy cutoff was set to 500 eV. 

The band structure calculations were performed with the projector augmented-wave method [20] 
based on Heyd–Scuseria–Ernzerhof (HSE) hybrid functionals [21,22]. The accuracy of HSE band 
structure calculation was firstly confirmed by the calculation result of ZnS zinc blende structure 
with 3.6 eV bandgap (see the supplemental materials [18]), which shows good agreement with the 
experimental data [23]. We note that, some prior approaches with self-interaction corrections [24,25] 
may be more efficient to do the APB band structure calculations than expensive HSE functionals in 
term of computational accuracy and cost, which could be very interesting for us to check in future 
work. The 3D band structures and total density of states (DOS) were performed by generating ab 
initio tight-binding Hamiltonians from the maximally localized Wannier functions within HSE 
functional [26], as implemented in Wannier Tools package [27]. The 3D band structures are 
calculated with kz=0 and the z axis of the reciprocal space corresponds to the crystallographic 
directions perpendicular to the different APB planes. Besides, the DOS calculations are performed 
with dense k points (ka>420Å, the length of each lattice vector (a) multiplied by the number of k 
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points in this direction (k) is larger than 420 Å). For this study, the Bloch wave functions were 
projected onto the s, p, and d (s and p) atomic orbitals of Zn (S). Besides, the band structures of 
different strained configurations with various APB bond lengths are performed with the GGA 
functional.   

To identify the contribution of the APB atoms to the electronic states, APB atom-projected band 
structures on APB atoms are studied, where the color scale indicates the spatial localization of the 
electronic state in the APB plane. The color map from blue to red underlines the increase of 
localization effect of the states at the APB atoms. The dark-blue bands are thus not localized near 
the APB, and mainly come from the bulk atoms (called bulklike bands in the following parts).  

III. RESULTS AND DISCUSSION
Firstly, the band structures of ZnS zigzag APBs are calculated along the following k-path X(-

0.5,0,0)-Γ(0,0,0)-X(0.5,0,0) including the correction of the HSE functional, where the x axis of the 
reciprocal space corresponds to the [011�] crystallographic direction (Fig.1b). Note that the common 
k-paths chosen in all cases for comparison lie in the APB plane to illustrate the effects of the 2D 
electronic dispersion. For the 3D band structures, we focus on the kx,y plane with kz=0, 
corresponding to the APB plane. 

The APB atom-projected band structures of zigzag:Zn-Zn and zigzag:S-S APBs are shown in 
Figure 2a and c, respectively, and the corresponding 3D band structures and density of states are 
shown in Figure 2b and d. For comparison, the results obtained in our previous work [9] on 
zigzag:In-In and zigzag:P-P are also displayed in Fig.2e-h. It can be observed that, as in the case of 
zigzag:V-V and zigzag:III-III APBs, zigzag:S-S and zigzag:Zn-Zn APBs also introduce interesting 
APB localized metallic states connecting the bulklike VBs and CBs and, hence, closing the bandgap. 
The APB localized metallic states exhibit similar shape. Besides, similarly, zigzag:S-S and 
zigzag:Zn-Zn APBs also show relatively high and low Fermi energy levels, respectively, and behave 
as n-doped and p-doped semiconductors, respectively. Therefore, in the same way as non-
stoichiometric III-V zigzag APBs, II-VI zigzag APBs may induce in-plane lateral nano-scale p-n 
junctions and that can potentially be used for carrier separation and extraction in light harvesting 
devices (e.g. for solar cells or solar water splitting devices) [9,10]. 
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Figure 2: Band structure and DOS calculations of zigzag:Zn-Zn (a,b), zigzag:S-S (c,d), zigzag:In-In (e,f) 
and zigzag:P-P APBs (g,h). (a,c,e,g) Atom-projected band structures of zigzag:Zn-Zn APB on II-II APB 
atoms (a), zigzag:S-S APB on VI-VI APB atoms (c), zigzag:In-In APB on III-III APB atoms (e) and 
zigzag:P-P APB atoms on V-V APB atoms (g). (b,d,f,h) 3D band structures (at kz = 0 plane) and density 
of states. The insets show the 3D band structures for zigzag:Zn-Zn (b), zigzag:S-S (d), zigzag:In-In (f), 
and zigzag:P-P(h) APBs, corresponding to the principal bands localized around the APB, which are 
marked by the arrows in (a), (c), (e), (g). InP zigzag APBs bandstructures are equivalent to the ones 
presented in ref. [9].  

Then, the band structures of ladder-patterned APBs were investigated. Figure 3a and Figure 3c 
show the atom-projected band structures of the ladder: Zn-Zn APB and ladder:S-S APB on the Zn-
Zn and S-S APB atoms, respectively, where the x axis of the reciprocal space corresponds to the 
[110] crystallographic direction (Fig.1d). The 3D band structure and density of states of the
ladder:Zn-Zn APB and ladder:S-S APB are shown in Figure 3b and d, respectively. Again, for
comparison, the band structure and DOS calculations of ladder:In-In and ladder:P-P APBs similar
to previous works [9] are also displayed in Fig.3e-h.

In this case, the ladder-patterned III-V and II-VI APBs show quite different features. As discussed 
in a previous work [9], the ladder:III-III and V-V APBs introduce localized APB states both at the 
top of the bulklike valence bands (VBs) and at the bottom of the bulklike conduction bands (CBs). 
The localized APB states mix with the bulklike states with a large energy dispersion (as shown in 
3D band structure images). The situation is different for II-VI APBs. For the ladder:II-II and VI-VI 
APBs, the localized APB states are very localized (very flat) throughout the k-path which is the 
signature of a strong localization effect. This is highlighted by the overall view based on the 3D 
bands (the green-to-yellow 3D bands in Fig.3b and Fig.3d). Indeed, there are obvious energy gaps 
between the localized APB states and the bulklike CB and VB states. This means that the ladder:Zn-
Zn and ladder:S-S APBs introduce flat partially filled intermediate bands (IBs) in the bulklike bands, 
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which could be of interest for solar energy harvesting devices [28,29], as the partially filled IBs can 
also permit the absorption of low-energy photons to pass the electrons from the VB to the partially 
filled IB and from there to the CB, except of the absorption of relative high-energy photons to excite 
the electron from the VB to the CB directly [28,29].   

Moreover, it is demonstrated that the Fermi energy levels cross the localized APB states for the 
two configurations, with a relatively high and low Fermi energy levels for the ladder: Zn-Zn and 
ladder:S-S APBs, respectively. This means the ladder: Zn-Zn and ladder:S-S APBs behave as n-
doped and p-doped semiconductors, respectively, which is the opposite situation as compared to the 
ladder:III-III and ladder:V-V APBs. Indeed, the ladder: In-In and ladder:P-P APBs exhibit low and 
high Fermi energy levels, respectively.  

To summarize briefly, non-stoichiometric ZnS zigzag-patterned APBs show similar electronic 
properties than their corresponding III-V cases [9,10]. On the contrary, non-stoichiometric ZnS 
ladder-patterned APBs exhibit quite different characteristics, in terms of band shape of the localized 
APB states and of positioning of the Fermi energy levels, even though non-stoichiometric zigzag 
and ladder APBs have a similar composition (which are composed of pure II (III) or pure VI (V) 
atoms).  

Figure 3: Band structure and DOS calculations of ladder:Zn-Zn (a,b), ladder:S-S (c,d), ladder:In-In (e,f) 
and ladder:P-P APBs (g,h). Atom-projected band structures of ladder:Zn-Zn APB on II-II APB atoms (a), 
ladder:S-S APB on VI-VI APB atoms (c), ladder:In-In APB on III-III APB atoms (e) and ladder:P-P APB 
atoms on V-V APB atoms (g). (b,d,f,h) 3D band structures (at kz = 0 plane) and density of states. The 
insets show the 3D band structures for ladder:Zn-Zn (b), ladder:S-S (d), ladder:In-In (f), and ladder:P-P 
(h) APBs, corresponding to the main bands localized around the APB, which are marked by the arrows
in (a), (c), (e), (g). For the ladder:Zn-Zn (b), ladder:S-S (d) APBs, the bulklike bands neighboring
around the APB localized bands are also extracted. InP ladder-APBs bandstructures are equivalent
to the ones presented in ref. [9].
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To understand the above observations, the influence of the bond length of each II-II, VI-VI, III-
III, and V-V doublets inside the APBs is investigated in the following. The APB bond lengths of 
zigzag and ladder ZnS and InP APBs after relaxation are summarized in Table 1, together with the 
corresponding electronic behavior (n- or p-type). The n-type and p-type electronic behavior 
correspond to the case where the Fermi energy level is closer to the bulklike conduction band (CB) 
and valence band (VB), respectively. In Table 1, it is shown that the zigzag InP APBs, zigzag ZnS 
APBs, and ladder InP APBs, present the same behavior: the bond length of the cationic APBs (i.e. 
zigzag:In-In, zigzag:Zn-Zn and ladder:In-In APBs) is relatively long and the bond length of the 
corresponding anionic APB (i.e. zigzag:P-P, zigzag:S-S and ladder:P-P APBs) is relatively short. 
Table 1 also shows that, for these three kinds of APBs, the cationic APBs (i.e. zigzag:In-In, 
zigzag:Zn-Zn and ladder:In-In APBs) have relatively low Fermi energy levels and thus display p-
type electronic behavior. On the contrary, anionic APBs (i.e. zigzag:P-P, zigzag:S-S and ladder:P-P 
APBs) have relatively high Fermi energy level and thus exhibit n-type electronic characteristics. 
The situation is different for the ladder ZnS APBs: the bond length of ladder: S-S APB is 
significantly longer than the ones of zigzag:S-S, zigzag:P-P, and ladder: P-P APBs (Table 1). On the 
contrary, the bond length of ladder: Zn-Zn APB becomes relatively short. Therefore, the surprising 
Fermi energy positioning of ladder:Zn-Zn and ladder:S-S APBs should be directly correlated to the 
anomalous change of the APB bond lengths. Indeed, the shorter APB bond length is, the higher 
charge density obtained between the APB atoms, and subsequently a higher Fermi energy level is 
expected. This shows good consistency to the classical free electron theory [30,31], which predicts 
that the variation of Fermi energy level depends on the electron or hole concentration of the doping 
or defect atoms. In order to understand the results more clearly, there are two questions needed to 
be analyzed: (1) With the same atomic structures, why the II-VI and III-V ladder APBs show such 
huge differences in APB bond lengths and electronic behavior? (2) With similar compositions, why 
only ladder APBs display such differences, while zigzag APBs do not, with the change of elements 
(from III to II or from V to VI)?   

Table 1. APB bond lengths of zigzag and ladder APBs based on ZnS and InP matrix together with 
the electronic properties (n-type and p-type electronic property corresponding to the case of Fermi 
energy level closer to bulklike conduction bands (CBs) and valence bands (VBs), respectively). 

APB type 
Zigzag-patterned APBs Ladder-patterned APBs 

S-S Zn-Zn P-P In-In S-S Zn-Zn P-P In-In 

Electronic 
behavior 

n-type p-type n-type p-type p-type n-type n-type p-type

Bond length 
(Å) 

2.10 2.60 2.31 2.92 2.83 2.48 2.21 2.86 

To clarify the question 1, a careful analysis of the electron distribution and bonding for ladder InP 
(Fig. 4(a,b)) and ZnS (Fig. 4(c-e)) APBs is proposed. We consider anionic APBs (i.e. ladder:P-P and 
S-S APBs) as an example, as shown in Fig.4. Firstly, for the InP semiconductor, the In-P bonds are 
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mainly covalent. From the charge point of view, each In-P bond forms by 0.75e from In atom and 
1.25e from P atom (as shown in Fig.4a) and these electrons are shared by In and P atoms. For the 
ladder:P-P APB, each P APB atom has one bond connected to one other APB atom and as well as 
three bonds connected to three bulk In atoms. For the P-P APB bond, each P APB atom shares 1.25e 
(Fig.4b), which leads to an excess of 0.5e per P APB atom. This is the reason why the P-P ladder 
APB exhibits n-type electronic behavior [9]. Whereas, for the ZnS semiconductor, as the difference 
of the electronegativity between S and Zn is much larger than P and In (electronegativity: S:2.58; 
Zn:1.65; P:2.19; In: 1.78), Zn-S bonds are more ionic. The electrons forming the Zn-S bond (0. 5e 
of Zn atom and 1.5e of S atom) are attracted much more strongly by S atom than by the Zn atom, 
which leads to obvious electronegativity for S atoms and electropositivity for Zn atoms. Therefore, 
in the ZnS semiconductor, each S atom will be mainly attracted by surrounded four Zn atoms 
(Fig.4c), and the S atoms will be stabilized by cancelling the four attractive forces out each other. 
While for the ladder:S-S APB, firstly, we assume that the two parts of 1.5e from the two S APB 
atoms are superimposed and shared by the two S APB atoms (Fig.4d) as in the case of ladder: P-P 
APB(Fig.4b). In this case, the two S APB atoms should be very close due to the strong 
electronegativity of S [32,33]. But, on the other hand, if we analyze the force state of the S APB 
atoms, we can find that there is a strong repulsive interaction between the two S APB atoms [33]. 
Meanwhile, the bulk Zn atoms on the other side attract the S APB atom, which leads to a 
destabilization of S APB atoms (as shown in Fig.4d). Therefore, to reach a stable condition, the 
distance between the two S APB atoms will increase. Finally, the case of Fig.4e is expected to be 
obtained, where the distance between the two S APB atoms is large and the two parts of the 1.5e of 
two S APB atoms almost do not overlap. In this case, each S APB atom will have a deficit of 0.5e, 
which shows good agreement with the p-type electronic characteristic of the ladder:S-S APB.               
 

 

Figure 4: Schematic diagram of electron distribution and bonding for ladder: P-P(a,b) and S-S(c-e) APBs. 
The red arrows correspond to the directions of forces on S atom by the surrounding atoms.  
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Besides, to better understand the questions 2, the atomic configurations of the two types of APBs 
are carefully analyzed. Figure 5 gives the zoomed-in atomic configurations of zigzag-patterned and 
ladder-patterned APBs. As mentioned above, for the ladder pattern (Fig.5a), each APB atom has 
only one bond connected with one other APB atom. While, for the zigzag case (Fig.5b), each APB 
atom has two bonds connected with the other APB atoms, forming an angle θ. Therefore, when 
elements are changed (e.g. from III(V) to II(VI) atoms), the forces on the APB atoms also change. 
For the ladder pattern (Fig.5a), the forces on the APB atoms can only be adjusted by the APB bond 
length. That’s why the bond length of ladder VI-VI APB shows a huge change. While, for the zigzag 
pattern (Fig.5b), the forces on the APB atoms can be adjusted not only by the length of the APB 
bond, but also by the angle θ, which causes relatively small changes on the APB bond length of 
zigzag APBs. Indeed, the angle θ for the VI-VI zigzag APB (139°) becomes larger than the one for 
the V-V zigzag APB (134°). For this reason, the bond length in the ladder pattern is much more 
impacted by the change of atoms (from III to II or from V to VI) than the zigzag pattern, which fully 
explains results of Table 1. 

 

 
 

Figure 5: Zoomed-in atomic configurations of ladder (a) and zigzag (b) APBs. For the ladder 
configuration, each APB atom has only one bond connected with one other APB atom. For the zigzag 
configuration, each APB atom has two bonds connected with other APB atoms, forming an Angle θ.  
 



Accepted manuscript

 

Figure 6: (a) APB atom-projected band structures of different ZnS ladder:S-S APB structures with 
different APB bond lengths changed manually. (b) Evolution of integrated Fermi energy levels of the 
different APB structures with the increase of APB bond lengths. The x- axis represents the relative length 
of the APB bond. The five data points from right to left correspond to structures with reducing the APB 
bond length by 0.0 Å, 0.05 Å, 0.10 Å, 0.15 Å, and 0.20 Å, respectively. The black dotted line shows the 
middle of the bandgap and the light-green areas correspond to the valence bands (VB) and conduction 
bands (CB) of the bulk material without APBs. 

 
 

To further verify the relationship between the Fermi level energy positioning and the APB bond 
lengths of the ladder configurations, we performed band structure calculations for different ladder:S-
S APB structures as a function of APB bond lengths (note that this procedure corresponds to the 
introduction of an artificial strain field only for the 2D APB area, but not in the bulk region and 
more details about the methodology can be obtained in supplemental materials [18]). Results are 
reported in Fig.6. With the decrease of the APB bond lengths (from the right side to the left side in 
Fig.6), the positions of the flat APB localized intermediate bands (IB) and Fermi energy levels of 
ladder:S-S APB increase gradually, thus changing the electronic behavior from p-type to n-type 
electronic property, which further confirms that the bond length of ladder APB strongly affect the 
Fermi energy levels. When the APB bond length reduces by 0.2Å from the original structure with 
full relaxation, the APB localized band joins with the bulk conduction band, similarly to what is 
observed for the ladder:P-P APB (Fig.3g). Besides, ladder:P-P APB structures with different APB 
bond lengths have also been investigated (see the supplemental materials [18]), where a similar 
conclusion can be obtained. This finding not only provides a general framework to predict the 
optoelectronic properties of antiphase and inversion boundaries in many different materials systems 
beyond the conventional III-V and II-VI semiconductors, but also opens another degree of freedom 
for the development of APB-engineered photoelectric devices. Indeed, while intrinsic piezoelectric 
properties of the material are supposed to be strongly modified by the presence of APBs, the present 
study shows that the application of a small external stress on a sample containing APBs would lead 
naturally to consequent Fermi level shifting and a possible inversion of the doping type, thus 
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modifying its transport properties, its internal lateral built-in electric field and its photo-generated 
carriers collection capabilities [10]. This large tunability is of great interest for photonic, sensors, 
electronic or energy applications. 
 
IV. CONCLUSION 

In conclusion, we studied and analyzed the electronic band structures of ladder- and zigzag-
patterned antiphase boundaries (APBs) in II-VI (ZnS) and III-V (InP) semiconductors by first-
principle calculations. As compared to the III-V APBs, we demonstrate that the zigzag II-VI APBs 
have a similar impact on the band structures, but the ladder II-VI APBs have a different behavior 
regarding the shape and positioning of the localized APB states. In addition, we have shown that 
these alterations also affect the positioning of Fermi energy levels passing through the localized 
APB states, which result from a large change of the ladder-patterned APB bond length. Besides, we 
demonstrated that the large change of the ladder-patterned APB bond length is closely related to the 
electronegativity of the elements and the specific atom configuration of the APB. On this basis, we 
finally showed that a small change in the APB bond length deeply modifies the bandstructure and 
optoelectronic properties of the systems (for both III-V and II-VI semiconductors), with possible n- 
and p-doping type inversion, thus opening the way towards adjustable optoelectronic properties of 
APB-engineered materials, through the application of an external stress on the material.  
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