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We carried a theoretical investigation on the properties of mercuric iodide in the red tetragonal crystalline
phase, and its respective intrinsic defects. Our calculations were performed usatgittigo spin-polarized
full-potential linearized augmented plane wave method, and taking into account full atomic relaxation. The
results on the structural, electronic, and optical properties were compared to available experimental data.

1 Introduction ing the Kohn-Sham equations [11]. In order to describe the
electronic wave-functions, the space was divided into twc
Investigations on the properties in mercuric iodide (gl  distinct regions: the atomic spheres, centered in the atomi
as well as in other layered semiconducting materials, havepositions, and the interstitial region outside the spheres. Th
increased over the last two decades [1, 2, 3]. sHglpo- basis set functions were expanded in plane waves outside tl
tentially useful as a detector for high energy radiation (X- atomic spheres and in radial solutions of the $dimger’s
and~-ray) operating at room temperature [4]. This is due equation inside the spheres. Relativistic effects were con
to the unique combination of properties: a large band gapsidered for both core and valence electrons. The convel
(2.13 eV) and a large photoelectric absorption cross-sectiongence criteria for the total energy and atomic forces were
[5]. However, a number of limitations has precluded its 0.1 mRy/unit cell and 1.0 mRy/a.u., respectively. For the
widespread use as a detector. First of all, due to its bond-primitive unit cell calculations, we used a plane wave cut off
ing nature, the critical resolved shear stress is very smallK,,=9/R (R is the smallest atomic radii) and 6 k-points in
and the material is brittle at room temperature [6]. gl the IBZ (Irreducible Brillouin Zone).
also presents large concentrations of intrinsic and extrinsic  |n the Hgh, configuration (figure 1), each Hg atom is
defects [7]. High carrier mobility is essential for radiation tetrahedrally bonded to four | atoms, in a covalent bond.
detection, but defects are recombination centers that reducerhese tetrahedrals are stacked in the z direction, resultin
considerably such mobilities. Therefore, there are two well jn weak I-1 bonds. We used the Murnaghan equation of stat
defined fronts to investigate this material: fundamental is- tg get the lattice parameters éndc) and the bulk modulus
sues, such as the electronic and optical properties, and thep). To get the lattice parameters, we performed a variatior
growing and post-growing issues, such as defect and impu-of the ¢/q ratio, the volume and the internal parametiers
rity effects. andu. For the density of states and optical properties, 26¢
Here, we c_arried a the_oretical invc_astigation_ on the struc- k-points in the IBZ were generated. For the optical proper-
tural, electronic, and optical properties of lﬂg_h t_he_re(_j ties, the momentum matrix elemerts = n’E\ﬁ- @ nk
tetragonal phase, as well as the properties of its intrinsic de- L .
fects. The material was investigated considering spin-orbitbe,t""een all band combinations for each k-point were ob:
effects, using an all-electron model, namely full-potential {@iN€d. The imaginary part of dielectric tensoy is carried
linearized augmented plane wave (FP-LAPW) method [g]. ©Ut Py the IBZ integration [12]:
Previous theoretical investigations on the properties of mer-
curic iodide [1, 2, 3] did not take into account geometry op-

2,2
timization, considering only the experimental lattice param- Im  &;;(w) = % .
eters. Our investigation is the first one to take into account M T Se
such geometry optimization on all degrees of freedom. <Y (oklpsler) (en lpil o) 6(Eek + Ac — By — hw)(1)
v,c,k
2 Methodo|ogy whereA,, is the conduction band shift due to corrections in
the band gap.

The calculation were carried using the WIEN97 package  The 54-atom supercells were built by taki®gx 3a x c.
[9], based on the FP-LAPW method, with the generalized For those calculations, we used,k7/R and IBZ integra-
gradient approximation (GGA) for the exchange-correlation tion was performed at th€ point. Such approximations
potential [10]. These calculations were performed by solv- described reasonably well the crystalline material.
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Figure 1. The primitive unit cell of red Hgl Grey and blac ? |
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The electronic properties of Hglwere obtained by usir

the optimized lattice and internal parameters, in contre
previous calculations [1, 2, 3] which considered the ex|.-..
mental values. The GGA for the exchange-correlation term
systematically improves the results over the local density ap- ~ Our optical calculations results were compared with
proximation in describing weak chemical bonds [13], as in Perimental [16] and theoretical results. The first peal |
the case of the I-I bonds. Our theoretical bulk modulus B = €V) is~1 eV lower than the first experimental peak, but
0.22 Mbar and the I-I bond distanée= 0.244: can be com- ~ second one+6.5 eV) and the minimum (5 eV) are in go
pared to the experimental values of 0.44 Mbar and :222 agreement. The peak heights are also in good agree

Figure 2. Band structure and density of states ofsHgl

respectively [14]. The lattice parameter the c¢/a ratio, ~ With the experimental results, and gives a better descri
andw internal parameter are respectively overestimated bythan other theoretical investigations [3].
5%, 2.5%, and8%, as shown in table I. Th&gap (0.98 Some Hg} related photoluminescence (PL) lines he

eV) is underestimated, as typical of density functional the- been identified as resulting from iodine vacancies
ory (DFT) calculations. Turner and Harmon [1] foungdp Therefore, we carried supercell calculations on the e
= 0.52 eV, and Solanlet al. [3] found 0.95 eV. Chang and  tronic structure of the | and Hg vacancies. In both defe
James [2] used an empirical pseudopotential, with the bandoutward relaxation was observed only on the defect f
gap adjusted to the experimental value. neighboring atoms. Additionally, the Hg and the | vacanc
presented spin S=1/2. The | vacancy related energy le\
Table I: Theoretical and experimental values of lattice parameters |ocated in the upper part of the bandgap while the Hg
(ac/a), internal parametar, and band gap @ap) cancy related energy level is located in the lower part of
bandgap. Both defects could act as carrier traps, and c
qguently reducing the Hgldetector efficiency.

a(A) cla u Egap(eV)
Thiswork  4.5772 29676 0.128 0.98 (1.27)
Expt. [15] 4.3610 2.8549 0.139 2.37(4.2K)[5]
@ Without spin-orbit effects.

10

The band structure along the high-symmetry lines and
the density of states are shown in figure 2. The main con-
tribution to the valence band comes from | 5p and Hg 6s
states. The Hg 6and | 5p bonding bands are fully occu-
pied, while the anti-bonding ones are not, indicating a cova-
lent Hg-1 bond. The valence band width is 4.65 eV. It is also
shown in the figure 2 the splitting of 5d Hg states by 1.10
eV due to the spin-orbit effects.

To investigate the optical properties of HdP, 3], we 0
computed the:; and thee; components of the dielectric Energy (eV)
function. The total imaginary part of dielectric function
spectra of Hgl ((|m6“ +92. lmq) /3) is shown in Fig. 3. Figure 3. Imaginary part of the dielectric functions of kgl

Ime (w)
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We performed_ the first full-potentiq&lb initio calculations [4] M. Piechotka, Mater. Sci. Eng. B8, 1 (1997).
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for the exchange-correlation potential has been showntoim- Wiy & Sons Inc., New York), 2000.
prove the description of the weak I-1 interactions. The struc- [6] J. Marschall and F. Milstein, Appl. Phys. Let62, 2784
tural properties obtained in this work are in reasonably good (1993).
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