
 
 

Defect levels in d-electron containing systems: Comparative
study of CdTe using LDA and LDA + U

Yuan Yin1, 2, †, Yu Wang1, Guangde Chen2, and Yelong Wu2

1College of Physics and Optoelectronic Technology, Advanced Titanium Alloys and Functional Coatings Cooperative Innovation Center,
Baoji University of Arts and Sciences, Baoji 721013, China
2Department of Applied Physics and the MOE Key Laboratory for Nonequilibrium Synthesis and Modulation of Condensed Matter,
Xi’an Jiaotong University, Xi’an 710049, China

 

Teai

Abstract: The defect properties in d-electron containing materials will be strongly influenced by the non-negligible on-site Cou-
lomb interactions.  However,  this  has been omitted in the current widely adopted standard first-principles calculations,  such as
LDA, leading to a large deviation of calculated results. Therefore, as a comparative case study, in this paper the defects of CdTe
are investigated by first-principles calculations including standard LDA and LDA + U, and we find that LDA + U gives more accur-
ate formation energies of the neutral point defects than the standard LDA. The same trend can be found in transition energies
of the charged state defects as well. These comparative analyses show that LDA + U gives better results for the defects of CdTe
than the standard LDA and requires less computing resource than LAPW, indicating it should have huge potential to model su-
percells  with  large  number  of  atoms  and  strong  electron  interactions.  Moreover,  a  new  anion  interstitial  defect  structure  is
found to be more stable than the well-known tetrahedron central anion interstitial defect structure .

Key words: defects; LDA; LDA + U; formation energy; transition energy; first-principles

Citation: Y Yin, Y Wang, G D Chen, and Y L Wu, Defect levels in d-electron containing systems: Comparative study of CdTe using
LDA and LDA + U[J]. J. Semicond., 2020, 41(10), 102701. http://doi.org/10.1088/1674-4926/41/10/102701

 

1.  Introduction

Many semiconductors such as CdTe, ZnO, AlN and their re-
lated  II–VI  and  III–V  compounds  would  not  be  very  useful
without  being  doped[1−13].  The  performance  of  these  materi-
als  depends  critically  on  their  electrical  properties,  which  are
dominated  by  the  formation  of  defects,  including  both  point
and extended defects. It has been revealed that cadmium tel-
luride (CdTe) is the only II–VI compound that can be doped rel-
atively easily, either p-type or n-type[14, 15]. Its alloys are adop-
ted  to  fabricate  optoelectronic  applications  such  as  solar
cell[1, 2] and x- and γ-ray semiconductor detectors[3−5]. To imple-
ment these applications, it is necessary to understand the form-
ation of defects in CdTe. As a powerful method, density-func-
tional theory (DFT) is used to calculate the structural and elec-
trical properties of semiconductors. However, different calcula-
tion methods have various results on defects in CdTe.

In  consideration  of  the  full-electronic  potential,  linear-
ized augmented plane wave (LAPW)[16, 17] is a relatively accur-
ate  method  to  calculate  defects  in  first-principle  calculation.
In  addition,  local  density  approximation  (LDA)[18, 19] can  also
be  used  to  solve  these  issues  with  relative  less  computation-
al  demanding  comparing  with  LAPW.  The  calculated  band
gaps  of  CdTe  with  different  calculation  methods  vary,  1.48
eV[20] by  LAPW  at  the  theoretical  lattice  constant,  which  is  in
good  agreement  with  the  experimental  value  of  1.61  eV[21],
while  only  0.63  eV  by  standard  LDA.  This  is  largely  because
standard LDA overestimates the delocalization of  Cd-4d elec-

trons,  which pushes  the valance electrons (the Te-5p valence
band) up. For general systems without d or f electron, the elec-
tron  interaction  is  not  so  strong  that  standard  LDA  method
can  meet  the  requirement  to  handle  their  exchange-correla-
tion potentials.

For  systems  with  strong  electron  interaction,  the  calcu-
lated  values  are  not  accurate  and  we  usually  adopt  LDA  +
U[22] approach with Hubbard-like model[23] to correct the calcu-
lated  results.  There  are  two  parameters  that  are  very  import-
ant  for  the  approach  of  LDA  + U to  describe  non-integer  or
double  occupations  of  states,  these  are  (1) U,  which  is  used
to  describe  the  strength  of  the  on-site  Coulomb  interaction,
and (2) J,  which is  used to adjust  the electron exchange inte-
raction.  To  be  simple,  Dudarev’s  method[24] can  be  used,  in
which  these  two  parameters  can  be  combined  into  a  single
efficient  one, Ueff = U – J,  and  this  effective  parameter Ueff is
typically  referred  to  as U.  For  CdTe,  from  the  previous  work
about determining U value[25, 26],  we find that the lattice con-
stant  becomes  closer  to  the  experimental  value  with  the U
value  increasing  to  13  eV  expressly,  while  the U value  de-
creases  to  7  eV,  the  result  of  LDA  + U calculation  matches
well  with  experimental  photoemission  spectra.  In  this  work,
therefore,  the  density  of  states  calculations  was  operated  at
U = 7 eV.

In  this  paper,  we  systematically  calculate  the  lattice  con-
stants,  model  structures,  electronic  band  structures,  forma-
tion  energies  and  transition  energies  of  defects  in  CdTe  by
different  calculation  methods.  The  target  is  to  find  out  a
method  which  can  reflect  the  physical  properties  of  defects
better in CdTe. For most of the cases, LDA + U gives better res-
ults than the standard LDA. Since this demands a low comput-
ing  power  relative  to  LAPW,  the  LDA  + U approach  is  an  at-
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tractive  means  to  study  the  supercells  with  large  number  of
atoms and strong electron interactions.

2.  Method of calculation

In  this  paper,  DFT  was  used  to  perform  all  the  structural
optimizations, energy band structures and total energy calcula-
tions.  The  exchange-correlation  functional  was  handled  by
both standard LDA and LDA + U methods and the VASP code
was  used  in  all  cases[27−29].  During  the  whole  calculations,  all
the  atoms  were  allowed  to  relax  fully  until  the  force  acting
on  them  became  less  than  0.03  eV∕Å.  In  consideration  of  the
size and boundary effects, a large enough model was often ad-
opted  to  simulate  defect  structure,  in  which  we  performed
CdTe  of  zinc-blende  structure  with  64  atoms,  and  the  defect
structures were modeled by putting into or taking out, or sub-
stituting one atom at the center of the periodic supercells. Dur-
ing the calculations,  the energy cutoff  was set  at  350 eV,  and
3 × 3 × 3 k-point grid was used.

E (α, q)

ΔH (α, q)

It  is  well-known  that  formation  energies  of  the  defects
can reflect the degree of difficulty or ease commendably dur-
ing the defect formation in bulk materials. The larger the form-
ation energy is, the more difficultly the defect forms, and vice
versa.  To  determine  the  defect  formation  energy  and  defect
transition energy levels, first, it is necessary to identify the de-
fects  with  low  formation  energies  for  every  position  of  the
Fermi  level  and  every  possible  stoichiometry.  Second,  we
need to calculate the total energy  of the supercell con-
taining the relaxed defect α in charge state q. In addition, we
also need to calculate the total energy E(host) for the same su-
percell  in  the  absence  of  the  defect,  as  well  as  the  total  en-
ergy Ei of  the  basic  composition  element.  The  defect  forma-
tion energy depends not only on the atomic chemical poten-
tial μi but  also  on  the  electron  Fermi  energy Ef.  From  these
parameters,  the  defect  formation  energy  can  be
defined as follows 

ΔH (α, q) = E (α, q)−E (host)−∑
i
ni(μi+Ei)+q(μe+Ev), (1)

where ni is the number of elements which constitute the super-
cell, which added to (ni > 0) or taken from (ni < 0) the bulk crys-
tal  to  create  the  defect,  and q is  the  number  of  electrons
which  transfer  from  the  supercell  to  the  reservoirs  while
forms the defect cell; μi is  the atomic chemical  potential  with
constituent i referenced to elemental solid or gas with Ei; Ev is
the valance-band maximum (VBM); μe is  the electron chemic-
al  potential  which  was  measured  relative  to  the  VBM Ev.  The
last term (μe + Ev) represents the electron Fermi energy Ef.

εα (q/q′)
q′

In  addition,  the  transition  energy  for  the  defect
α which  transfers  from q charge  state  to  charge  state  can
be obtained by 

εα (q/q′) = [ΔE (α, q) − ΔE (α, q′)] / (q − q′) . (2)

The  calculation  results  are  sensitive  to  the k-points
sampling,  thus Γ-point-only  approach[30] is  often  used  to
avoid  this  problem.  To  combine  the  advantages  of  special k-
points  and Γ-point-only  approaches,  we  adopt  a  new  hybrid
scheme[31] to  calculate  the  transition  energy.  In  this  new
scheme,  for  acceptor  defect  (q <  0),  the  transition  energy
with respect to VBM is given by: 

ε (q/q′) = [εΓD (q) − εΓVBM (host)]+{E (α, q′) − [E (α, q) − (q′ − q) εKD (q)]} / (q − q′) .
(3)

For  donor  defect  (q >  0),  the  ionization  energy  refer-
enced to CBM is given by: 

εΓg (host) − ε (q/q′) = [εΓCBM (host) − εΓD (q)]+{E (α, q′) − [E (α, q) − (q′ − q) εKD (q)]} / (q′ − q) , (4)

εΓD (q) εKD (q)
εΓVBM

εΓCBM
εΓg

where  and  are  the  defect  levels  at Γ-point  and
the  special k-points  (averaged),  respectively. (host)  and

(host)  are  the  VBM  and  CBM  at Γ-point  for  the  supercell
which  is  in  absence  of  defects, (host)  is  the  band  gap  for
host supercell at Γ-point.

Under equilibrium growth conditions, there are some ther-
modynamic limits on the achievable value of the atomic chem-
ical  potentials μi in  Eq.  (1).  By  means  of  some  certain  condi-
tions, we can obtain the formation energy simply without us-
ing  the  atomic  chemical  potentials μi,  then  after  deducing
from  Eqs.  (1)  and  (2),  the  formation  energy  of  charge  state  is
given by: 

ΔH (α, q′) = ΔH (α, ) + q′ε (/q′) + qμe, (5)

ΔH (α, )
ΔH (α, q′)

where  is  the defect formation energy of  neutral  de-
fects, this equation gives a perfect linear relation that the form-
ation  energy  of  charge  state  changes  with  the
value of  electron chemical  potential μe,  which has been used
successfully  to  research  defects  in  a  variety  of  semiconduct-
ors[6, 7, 9].

3.  Results and discussion

There is a slight discrepancy on the lattice constant for un-
doped  CdTe  by  different  calculation  methods,  and  the  result
is given as follows: it  is 6.421 Å by standard LDA, and 6.408 Å
by LDA + U, and 6.541 Å by LAPW[9].

It  is  widely-believed  that  band  gap  is  always  considered
as the most important aspect to describe the electronic proper-
ties  of  semiconductors  for  optoelectronic  applications.  LAPW
predicts a band gap of 1.48 eV (1.59 eV at the experimental lat-
tice  constant),  which  agrees  well  with  the  experimental
value[21] of 1.61 eV. Standard LDA gives a band gap of 0.63 eV
for  CdTe,  which  is  significantly  lower  than  the  experimental
value.  However,  LDA + U produces  a  band gap of  0.96  eV[32].
The Cd-4d levels shift down from the VBM, which induces the
p–d coupling to become weak, thus the valence band and con-
duction  band  both  drop  down.  As  the  valence  band  drops
down  more  seriously  than  the  conduction  band,  we  can  ob-
serve  that  the  band  gap  increases  comparing  with  the  band
gap of standard LDA.

3.1.  Formation energies of the neutral point defects

ΔH (α, q)(q = )
ΔH (α, q)

The calculated defect formation energy  at neut-
ral  charge  state  and μi =  0  by  different  approaches
(LAPW[9],  LDA,  and  LDA  + U)  are  shown  in Table  1.  In  addi-
tion,  one  can  deduce  the  defect  formation  energy 
with different chemical potentials through Eq. (1).

In this paper, the results of defect formation energy calcu-
lated  by  LAPW  method  are  obtained  from  Wei’s  work[9].  The
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results  of  standard  LDA  and  LDA  + U approaches  are  from
our calculations. From Table 1, we find that the majority forma-
tion  energies  of  LDA  + U are  closer  to  the  values  of  LAPW
than that of standard LDA.

For  interstitial  defects,  two  cases  always  should  be  con-
sidered  in  the  zinc-blende  structure,  these  are Ai

a and Ai
c,

which indicate  the  interstitial  A  atom is  surrounded by  anion
atoms  or  cation  atoms[33].  In  this  work,  cation  interstitial  de-
fects  include  Cdi

a,  Cdi
c,  Cui

a,  Cui
c,  Nai

a and  Nai
c.  For  bivalent

Cd and Cu interstitials, we find that the results are almost the
same with each other  by different  approaches.  While  for  uni-
valent  Na interstitial,  both standard LDA and LDA + U results
have  obviously  lower  formation  energies  than  LAPW.  As
shown in Table 1, the results of formation energies of Tei

a de-
fect are 3.52, 2.07 and 1.94 eV with these different methods, re-
spectively.  In  LAPW  calculations[9] for  Tei

a,  the  stable  struc-
ture  has  the  Te  atom  at  the  center  of  the  tetrahedron,  as
shown  in Fig.  1(a).  However,  when  we  operate  the  simula-
tion process with standard LDA and LDA + U approaches,  we
find  a  much  more  stable  structure,  in  which  the  anion  atom
Te and two cation atom Cds are almost in a line, see Fig. 1(b),
while the origin of bonding has been explained[34].

For anti-site defects, it is obvious that the result of LDA +
U is inferior to that of standard LDA for group-IB elements sub-
stituting  the  Cd  site,  XCd

IB (IB  =  Cu,  Ag,  Au  with d electrons
and  without  considering  plus U).  However,  LDA  + U is  dis-
tinctly  superior  to  standard  LDA  when  the  group-IIIA  ele-
ments substitute Te site, YTe

IIIA (IIIA represents Br, In with d elec-
trons without considering plus U).  For  Te vacancy and Cd va-
cancy,  the results  of  LDA + U are closer  to LAPW results  than
standard  LDA  as  well.  In  general,  we  can  make  a  conclusion
that  the  majority  of  calculated  formation  energies  by  stand-
ard LDA and LDA + U are lower than LAPW.

3.2.  Transition energies of the charged state defects

In this section, we discuss and analyze the calculated optic-
al transition energies of charged state defects in CdTe. Figs. 2
and 3 describe the transition energy positions of CdTe, which
are  calculated  by  different  methods.  Similarly, Table  2
presents the calculated acceptor defect (q < 0) transition ener-
gies and Table 3 gives the donor defect (q > 0) transition ener-
gies  of  tetrahedron  CdTe.  These  results  are  acquired  by  us-

ing Eqs.  (3)  and (4).  One can also deduce the formation ener-
gies  of  charged  state  defects  from  Eqs.  (1)  and   (2).  Mean-
while, k-point,  core  level,  and  electrostatic  correction  were
also taken into consideration during the transition energies cal-
culation.

Table  2 shows  that  the  intrinsic  defect  Tei
a (0/–2)  has  a

deep acceptor level above the VBM[25, 26].  The transition ener-
gies  calculated  by  standard  LDA  and  LDA  + U are  1.795  eV
and  1.993  eV,  which  are  higher  than  the  result  of  LAPW
(0.57  eV)  overly.  As  mentioned  earlier,  the  obvious  discrep-
ancy can be accounted for the different Tei

a stable structures.
In our structure, the defect level goes up to conduction band
and even over it;  that is  to say,  the transition energy is  great-
er than band gap. For the previous structure, Te is at the cen-
ter of the tetrahedral, and the defect level is in the band gap.

For  the  intrinsic  defect  VCd,  which  has  relative  shallow
transition energy levels with respect to Tei

a. It is the most com-
mon  intrinsic  acceptor  in  CdTe,  whose  (0/–1)  transition  en-
ergy level is high with 0.13 and 0.173 eV by LAPW and LDA +
U,  while  standard  LDA  gives  a  value  of  0.091  eV  which  is
small  enough  to  reach  high  hole  density  at  room  temperat-
ure.  After  comparing  with  the  experimental  results,  LDA  + U
might be, in this case, the worst method.

For  extrinsic  acceptor,  the  results  of  XCd
IB (IB  represents

Cu, Ag, Au, Na) and YTe
IIIA (IIIA represents Sb, As, P, N) by stand-

ard  LDA  and  LDA  + U indicate  these  defects  all  have  relative
shallow (0/–1) levels compared with Tei

a, and there is no appar-
ent  difference  between  these  methods.  As  shown  in Table  2,
a  distinct  phenomenon  is  that  most  of  the  calculated  (0/–1)
transition  energy  results  obtained  by  LDA  + U are  improved
obviously relative to that of  standard LDA, but some become
worse  slightly,  such  as  AuCd,  NaCd and  BiTe,  whose  results  of
standard LDA are closer  to that  of  LAPW. No matter  how dis-
parate  they  are,  the  properties  of  these  defects  have  not
changed.  They  are  all  shallow  acceptors,  except  AuCd and
BiTe,  the  transition  energies  of  which  are  far  above  the
threshold  of  0.15  eV.  While  for  other  defects,  it  shows  that
both  standard  LDA  and  LDA  + U results  can  reflect  their  de-
fects  properties  well.  For  PTe and  NTe,  the  calculated  trans-
ition  energies  of  (0/–1)  by  standard  LDA  and  LDA  + U are
–0.034/–0.058 eV and 0.06/0.013 eV, respectively. There is not
much  difference  between  them  with  respect  to  the  absolute
shallow transition energy level  0.01 eV by LAPW. It  can easily
be deduced that PTe and NTe are suited to p-type doping. For
some  extrinsic  defects  which  contain  atoms  (Cu,  Ag,  Au,  Sb,
As)  with d electrons,  the  results  are  also  improved,  although
these atoms only occupy ~1.56% in this model.

Above all,  there  is  not  much difference  between the  res-
ults of standard LDA and LDA + U, that is,  their properties do
not  change.  We  also  find  that  the  approach  of  LDA  + U,  in
most  instances,  is  better  to  reflect  the  physical  properties  of
the  material  with  d  electrons  by  comparing  with  standard
LDA.

In  the  following,  we  will  adopt  the  same  way  to  calcu-
late transition energies of acceptor defect and give the ioniza-
tion energies of donor defect.

From Table  3,  we  find  the  native  defects  CdTe(+2/0)  is  a
shallow  level  of  0.10  eV  by  LAPW  in  the  band  gap.  Standard
LDA  gives  a  value  of  0.01  eV  and  LDA  + U shows  a  value  of
0.05  eV,  which  indicates  that  LDA  + U gives  a  better  result.
However,  for  other  native  defects  with  deep  levels  in  the

ΔH (α, q)
(q = )
Table  1.   Calculated  defect  formation  energy  [through  Eq.
(1)]  of point defects for tetrahedron structure at neutral  charge state

 and μi = 0, the unit of defect formation energies is eV.

Defect LAPW[9] LDA LDA + U Defect LAPW[9] LDA LDA + U
VCd 2.67 2.42 2.80 CdTe 3.92 3.30 3.63
VTe 3.24 2.94 3.13 TeCd 3.70 3.42 3.55
Tei

a 3.52 2.07 2.00 Cdi
a 2.26 2.05 2.10

Tei
c 3.41 3.73 3.68 Cdi

c 2.04 1.77 1.76
NaCd 0.45 0.25 0.48 AlCd 1.17 0.88 1.10
CuCd 1.31 1.25 1.51 GaCd 1.23 1.01 1.17
AgCd 1.32 1.24 1.48 InCd 1.23 0.97 1.14
AuCd 1.30 1.40 1.64 FTe –0.08 –0.84 –0.95
NTe 2.62 2.88 2.83 ClTe 0.48 0.23 0.22
PTe 1.83 1.96 1.66 BrTe 0.62 0.27 0.29
AsTe 1.68 1.37 1.55 ITe 0.99 1.04 1.11
SbTe 1.72 1.54 1.77 Cui

a 2.14 2.05 2.07
BiTe 1.96 1.86 2.04 Cui

c 2.24 2.27 2.30
Nai

a 0.60 0.21 0.34 Nai
c 0.45 0.08 0.21
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band  gap,  such  as  TeCd(+1/0),  the  results  by  different  meth-
ods are 0.34, 0.345, and 0.625 eV, respectively, indicating that
the result of standard LDA can reflect the case better. This con-
clusion  is  also  true  for  Cdi

c(+2/0).  From  the  data  of  VTe(+2/0)
in Table  3,  we  find  that  all  the  methods  show  deep  donors.
LDA  + U gives  a  value  of  0.662  eV,  because  the  atomic  posi-
tions  are  sensitive  to  their  charge  states  in  negative U sys-
tems,  such  as  CdTe,  Cdi

c,  and  VTe.  It  can  be  explained  that
charge states influence the transition/ionization energy levels

powerfully,  that  is,  the  electrostatic  correction  value  affects
the result with charge square.

For  extrinsic  impurity  donor,  the  calculated  (+1/0)  trans-
ition  energy  levels  of  ACd (where  A=  Al,  In,  Ga)  by  LDA  + U
are at –0.038 eV (above the CBM), 0.347 eV and 0.316 eV (be-
low the CBM). After comparing the results, our calculation sug-
gests  that  gallium  could  be  a  good  n-type  dopant  for  CdTe
rather  than  aluminum  and  indium.  For  BTe (where  B  repres-
ents  I,  Br,  Cl  or  F),  the  calculated  transition  energy  levels  at
0.293,  0.341,  0.371,  and  0.739  eV  are  gained  by  LDA  + U,

 

(a) (b)
 

Fig. 1. (Color online) (a) The stable structure is that the Te atom is at the center of the tetrahedron, and (b) a more stable structure is that the an-
ion atom Te and two cation atom Cds are almost in a line.
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Fig.  2.  (Color  online) The  acceptor  defect  (q <  0)  transition  energy
level positions of native defects in CdTe, calculated by LDA, LDA + U
and LAPW, respectively.
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Fig. 3. (Color online) The donor defect (q > 0) transition energy level po-
sitions  of  native  defects  in  CdTe,  calculated  by  LDA,  LDA  + U and
LAPW, respectively.

Table 2.   Calculated acceptor defect (q < 0) transition energies of tetra-
hedron CdTe. The unit of transition energy is eV.

Defect state LAPW[9] LDA LDA + U
Tei

a(0/–2) 0.57 1.795 1.993
VCd(0/–1) 0.13 0.091 0.173
VCd(–1/–2) 0.21 –0.313 0.446
CuCd(0/–1) 0.22 0.094 0.177
AuCd(0/–1) 0.20 0.194 0.282
AgCd(0/–1) 0.15 0.093 0.170
NaCd(0/–1) 0.02 0.041 0.114
BiTe(0/–1) 0.30 0.287 0.378
SbTe(0/–1) 0.23 0.188 0.245
AsTe(0/–1) 0.10 0.045 0.115
PTe(0/–1) 0.05 –0.034 0.060
NTe(0/–1) 0.01 –0.058 0.013

Table 3.   Calculated donor defect (q > 0) transition energy levels for tet-
rahedron native defects. The unit of transition energies is eV.

Defect state LAPW[9] LDA LDA + U
CdTe(+2/0) 0.10 0.01 0.05
TeCd(+1/0) 0.34 0.345 0.625
TeCd(+2/+1) 0.59 0.347 –0.917
Cdi

c(+2/0) 0.45 0.468 0.572
VTe(+2/0) 0.71 0.890 0.662
AlCd(+1/0) <0.03 -0.028 –0.038
InCd(+1/0) <0.05 0.353 0.347
ITe(+1/0) 0.05 0.366 0.293
GaCd(+1/0) 0.24 0.107 0.316
BrTe(+1/0) >0.24 0.401 0.341
ClTe(+1/0) 0.35 0.422 0.371
FTe(+1/0) 0.87 0.670 0.739
Cui

a(+1/0) –0.01 –0.127 –0.032
Nai

c(+1/0) 0.01 –0.078 –0.006
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which indicates these defects all have deeper levels. Compara-
tively speaking, the iodine has the superiority to be as a good
n-type  dopant  in  CdTe,  while  Fluorine  is  the  worst  candidate
for its very deep level.

For  interstitial  defects  Cdi
c,  Cui and  Nai,  from  previous

work, we find that the stable structures of them for (+1/0) are
Cui

a and Nai
c.  LAPW indicates that both of them can be good

n-type  dopant  candidates  in  CdTe,  and  the  results  by  LDA  +
U are better than standard LDA.

4.  Conclusion

In this study, the effects of two different calculation meth-
ods  were  investigated.  We  have  systematically  employed  the
methods  of  standard  LDA  and  LDA  + U to  calculate  the  lat-
tice  constants,  model  structures,  electronic  band  structures,
the  formation  energies  and  transition  energies  of  defects  in
CdTe,  these  results  were  analyzed  and  compared  to  the  data
of  LAPW,  which  derived  from  other  work[9].  The  band  gap
had an obvious improvement by LDA + U because Cd-4d and
Te-5p  coupling  became  weaker  when  appropriate U value
was added to  Cd atom.  Because of  its  mechanism,  the meth-
od of DFT gave lower formation energies of the neutral point
defects than those obtained from LAPW, and the majority val-
ues of  LDA + U are closer  to LAPW. For  transition energies of
the  charged state  defects,  except  for  the  intrinsic  defects  VCd

and Tei
a,  the approach of  LDA + U were superior  to  standard

LDA  to  reflect  the  physical  properties  of  the  material  with  d
or f electrons.

After  comparing  the  calculation  results  of  LAPW  with
standard  LDA  and  LDA  + U,  we  can  safely  draw  a  conclusion
that  the  approach  of  LDA  + U not  only  improves  the  accur-
acy from standard LDA method but also reduces the computa-
tionally  demanding with  respect  to  LAPW method in  calcula-
tion  of  defects  in  CdTe.  Therefore,  it  has  a  huge  potential  to
model  supercells  with  a  large  number  of  atoms  and  strong
electron interactions.
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