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Abstract

Ion implantation is one of the key technologies for the fabrication of HgCdTe (MCT) infra-
red photodiodes. In order to achieve p-on-n type photodiode structure with better per-
formance, the group V elements typically serve as p-type dopants, especially arsenic. In
this chapter, ion profiles, defect microstructures, and surface amorphization of implanted
group V dopants represented by arsenic into MCT epilayers were characterized by sec-
ondary ion mass spectroscopy (SIMS), transmission electron microscopy (TEM), and
X-ray diffraction (XRD), respectively. The influences of some significant technological
parameters related to ion implantation, such as implant energy, implant dose, ion beam
current, barrier layer structure, on the distributions of ions and induced damages are
analyzed. In addition, the high-temperature annealing used to eliminate induced dam-
ages and activate the electrical activity of ions was subjected to the as-implanted samples,
and the ion diffusion profiles and surface microstructures were acquired and analyzed.
Finally, the computer simulations on the collision of incident ions and lattice atoms were
carried out to study the distributions of ions and recoil atoms numerically. The simula-
tion results are in good agreement with the experimental data.

Keywords: HgCdTe, ion implantation, group V, microscopic characterization, computer
simulation, SIMS, TEM, XRD

1. Introduction

In the field of semiconductor and microelectronics, the ion implantation process is the most
common technology applied to incorporate dopants. Compared with the other two meth-
ods, such as thermal diffusion doping and epitaxy in-situ doping, the ion implantation has
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the advantages of simple process, depth controllability, selective and arbitrary concentration
doping (not restricted by solid solubility). For MCT, an important narrow gap semiconduc-
tor material applied in the field of infrared detection and imaging [1], ion implantation and
in-situ epitaxy are both adopted for the incorporation of dopants. In fact, the core element
of MCT-based infrared detectors is typically a photodiode based on p-n junction structure,
generating a photogenerated potential under the excitation of infrared photons. The p-n junc-
tion can be formed either on the p-type absorbing layer or on the n-type absorbing layer,
corresponding to n-on-p device [2, 3] and p-on-n device [4], respectively. In the traditional
n-on-p device, the in-situ p-type doping can be achieved by Hg vacancy doping [5] and Au
or Cu incorporation [6] during epitaxy growth; the n-type doping can be acquired by boron
ion implantation. With decades of development, the n-on-p device has provided excellent
performance [7]. However, for the infrared detection application of low dark current and low
flux in long wavelength infrared (LWIR) and very long wavelength infrared (VLWIR) regions,
the p-on-n device has been demonstrated to possess better performances [8-10] such as low
dark current, low series resistance, and high operating temperature. For II-VI materials such
as MCT, group V elements, especially arsenic, can serve as p-type dopants. Due to its low dif-
fusion coefficient [8] in MCT, the profiles of implanted arsenic ions can be controllable. So far,
arsenic has been extensively used as the p-type dopant of MCT. Nevertheless, the implanted
arsenic ions usually occupy the cation sublattice and generate a large number of induced
damages. Therefore, a high-temperature annealing is necessary to eliminate lattice damages
and activate the electrical activity of arsenic ions, that is, transfer arsenic ions from cation
sublattices to Te sublattices.

Some studies on arsenic ion implantation in MCT have been reported in several litera-
ture studies [4, 8, 11] and our previous work [12-14]. Classically, SIMS is used to acquire
the distribution profiles of implanted ions, while the microstructures and distributions
of induced damages are observed by TEM. Recently, Rutherford backscattering experi-
ments under channeling conditions (RBS-c) were carried out to extract quantitative dam-
age depth profiles of implanted arsenic ions in MCT [15]. Moreover, the microstructures of
the induced damages in the MCT implanted with group V dopants (N, P, As and Sb) were
investigated [16]. However, so far, the systematic study on the ion implantation of group
V dopants in MCT has not been reported. Therefore, in this chapter, the ion implantation
of group V dopants, such as P, As, Sb, in MCT will be analyzed and discussed according
to characterization methods. Finally, the computer simulations on the collision of incident
ions and lattice atoms will be carried out to study the distributions of ions and recoil atoms
numerically.

2. SIMS profile

SIMS is a high-resolution analytic technique for acquiring the element component informa-
tion in the material. In this section, the depth profiles of group V dopants implanted into MCT
will be characterized by this method.
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2.1. Arsenic

The technological parameters of ion implantation, such as implant energy, implant dose,
ion beam current, determine the depth profiles of implanted ions and induced damages. In
order to implant heavy ions like arsenic into MCT epilayer, the implant energy should be
adequately high to overcome the energy loss in the collision of implant ions and lattice atoms.
Here, the MCT epilayers were grown on (111)B CdZnTe substrates by liquid phase epitaxy
(LPE). Then, arsenic ions were implanted into MCT epilayers without barrier layers. Figure 1
provides the SIMS profiles of arsenic ions implanted into MCT at different implant energies
before and after high-temperature annealing under saturated Hg vapor pressure. The energy
ranges from 350 to 450 keV, while the dose is set to be 2 x 10'* cm™. The high-temperature
annealing was carried out in two steps: the first step at 420°C is used to transfer arsenic ions
from cation sublattices to Te sublattices and eliminate induced damages, while the second
step at 240°C is to remove Hg vacancies. It can be seen from Figure 1 that the depth of the end-
of-range (EOR) of as-implanted arsenic ions increases with implant energy. Moreover, the
average projected range (Rp) increases approximately linearly with energy. After annealing,
the indiffusion occurs to the as-implanted arsenic ions, and the diffusion depth also increases
with energy.

In addition to implant energy, implant dose is also one of the key technological parameters
determine the distribution of implanted ions. The SIMS profiles of the arsenic ions implanted
into MCT epilayers without barrier layers at 320 keV with different doses are illustrated in
Figure 2(a). The peak concentration of arsenic ions increases with dose; however, the EOR
depth is not remarkably influenced by implant dose. Figure 2(b) provides the SIMS profiles of
as-implanted arsenic ions in MCT with the dose of 5 x 10'* cm™ after Hg overpressure anneal-
ing. The profile indicates that the indiffusion of arsenic ions includes three parts: part 1 —in
the surface layer, it is considered that the arsenic ions are trapped by the defects in the lattice,
thereby resulting in the generation of arsenic complexing; part 2 —beneath the surface layer, the
arsenic ions are diffused thermally into the lattice and some of them are activated electrically
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Figure 1. SIMS profiles of arsenic ions implanted into MCT at different energies: (a) before Hg overpressure annealing
and (b) after Hg overpressure annealing.
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Figure 2. (a) SIMS profiles of arsenic ions implanted into MCT at 320 keV with the doses of 2 x 10™* and 5 x 10™* cm?,
respectively. (b) SIMS profile of arsenic ions in the annealed MCT implanted at 320 keV with the dose of 5 x 10" cm™.

by occupying Te sublattices; part 3 — deeper in lattice, there exists a rapid diffusion of arsenic
ions due to the channeling effect. This profile is similar to the profiles presented in Refs. [4,
8]. However, the multicomponent indiffusion does not occur to the annealed samples with
lower dose as shown in Figure 1. It could be due to that the dose of the samples in Figure 1
is lower than that of the sample in Figure 2. It implies that the high dose may aggravate the
complexing and the channeling effect of as-implanted arsenic ions.

The ion beam current is another technological parameter to be considered. Figure 3(a) shows
the SIMS profiles of arsenic ions implanted into MCT epilayers without barrier layers at
320 keV with the dose of 5 x 10" cm™, at the beam currents of 100 A and 300 uA, respectively.
It can be seen that the ion profiles are not sensitive to the beam current for arsenic. Even when
the span of the beam current is expanded to 50-800 1A, no significant distinction in the ion
profiles could be found in Figure 3(b). Figure 4 provides the SIMS profiles of arsenic ions in
the samples in Figure 3(a) annealed under saturated Hg vapor pressure. Although the arsenic
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Figure 3. (a) SIMS profiles of arsenic ions implanted into MCT epilayers at 320 keV with the dose of 5 x 10" cm™, at the
beam currents of 100 and 300 pA, respectively. (b) SIMS profiles of arsenic ions implanted into MCT epilayers at 350 keV
with the dose of 2 x 10™ cm™?, at the beam currents of 50 and 800 pA, respectively.
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Figure 4. SIMS profiles of arsenic ions in the annealed MCT samples implanted at 320 keV with the dose of 5 x 10" cm?,
at the beam currents of 100 and 300 LA, respectively.

profiles in the as-implanted samples are sensitive to beam current, the sample with higher
beam current presents a deeper diffusion depth than that of the sample with lower beam
current. It indicates that the change in beam current gives rise to the different distributions of
induced damages, thereby influencing the indiffusion of arsenic ions.

The distribution profiles of as-implanted arsenic ions in bare MCT are discussed above.
Nevertheless, in the practical device fabrication, the barrier layers should be prepared on MCT
epilayers before ion implantation to avoid the external contamination and absorb the induced
damages [17]. Here, the ZnS and CdTe films serve as barrier layers for MCT. Especially, the
ZnS and CdTe double-layer films were grown on MCT epilayers by thermal evaporation as
barrier layers, respectively, in order to investigate the influences of film materials and inter-
face on arsenic profiles.

Figure 5(a) shows the SIMS profile of arsenic ions implanted into MCT coated by dou-
ble-layer ZnS barrier layer (80 nm/80 nm) at 400 keV with the dose of 1 x 10" cm™. Then,
after removing the ZnS layer, the high-temperature annealing was performed at 420 and
240°C. The arsenic SIMS profile of the annealed sample is provided in Figure 5(b). For the
MCT sample covered with double-layer CdTe barrier layer (50 nm/100 nm), the arsenic ion
implanted at 320 keV with the dose of 2 x 10" cm™. In addition, the as-implanted sample
was annealed in the same condition as the ZnS-coated sample after removing CdTe. The
arsenic profiles of the MCT sample with CdTe barrier layer before and after annealing are
illustrated in Figure 6. It can be seen that the arsenic ions are accumulated around the ZnS/
MCT and ZnS/ZnS interfaces for the as-implanted ZnS-coated sample, and the peak concen-
tration is located near the ZnS/MCT interface. For the as-implanted CdTe-coated sample,
the arsenic ions are mainly accumulated at the CdTe/MCT interface. It indicates that the
defects at the interface between barrier layer and MCT could serve as the trapping centers to
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Figure 5. SIMS profile of arsenic ions implanted into MCT coated by double-layer ZnS barrier layer (80 nm/80 nm) at
400 keV with the dose of 1 x 10 cm™ (a) before annealing and (b) after annealing.
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Figure 6. SIMS profile of arsenic ions implanted into MCT coated by double-layer CdTe barrier layer (50 nm/100 nm) at
320 keV with the dose of 2 x 10" cm™ (a) before annealing and (b) after annealing.

hinder arsenic ions. On the other hand, the shallower EOR depth of the ZnS-coated sample
implanted with arsenic ions at higher energy shows that the ZnS layer has stronger barrier
ability than CdTe.

2.2. Other dopants

Additionally, the profiles of the other group V dopants implanted into MCT were character-
ized by SIMS. Figure 7 provides the SIMS profiles of phosphorus and antimony ions implanted
into MCT epilayers, respectively. For phosphorus-implanted samples, the energy is 350 keV,
the dose is 2 x 10" cm™, and the beam currents are 50 and 800 pA. For antimony-implanted
samples, the implant technological parameters are illustrated in Figure 7(b). Dissimilar to arse-
nic, the phosphorus profiles are sensitive to the change in beam current. It can be seen that the
EOR depth increases with beam current, which indicates that the extension of implantation
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Figure 7. (a) SIMS profiles of phosphorus ions implanted into MCT epilayers at 350 keV with the dose of 2 x 10" cm™?, at
the beam currents of 50 and 800 pA. (b) SIMS profiles of antimony ions implanted into MCT.

period for phosphorus ions, as a result of low beam current, gives rise to the increase in the
interstitial ions. These interstitial ions could block the implantation of subsequent ions. By
contrast, the motion of the arsenic ions implanted into MCT depends mainly on the displace-
ments and replacements of lattice atoms through the collision between ions and atoms. For
antimony-implanted samples, it is found that the high dose results directly in the channeling
effect due to the large mass of antimony ions.

3. TEM characterization

So far, TEM is one of the most effective methods to characterize the microstructure of defects
in materials. Next, the microstructures of the surface amorphization and induced defects in
MCT epilayers implanted with arsenic and phosphorus ions will be characterized and ana-
lyzed by TEM.

3.1. Arsenic

Figure 8(a) and (b) provides the TEM cross-section images of near-surface layers in MCT
implanted with arsenic ions at 350 and 450 keV, respectively. The dose is 2 x 10" cm™. The
arsenic profiles of these two samples have been given above. From the TEM observation, the
induced damage layer can be divided into two sublayers: the amorphized-MCT (a-MCT) layer
near surface, accompany with some long dislocations at the bottom; the short defect layer (SDL)
with a large number of short defects. For the 350 keV sample, the thickness of the whole induced
damage layer is about 0.45 um. Therefore, the thicknesses of the a-MCT layer and the SDL are
0.28 and 0.17 um, respectively. For the 450 keV sample, the whole damage layer is around
0.49 pum thick. Therefore, the thicknesses of the a-MCT layer and the SDL are 0.34 and 0.14 um,
respectively. It indicates that the induced damage to lattice for the sample implanted at higher
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Figure 8. TEM cross-section images of near surface layers in MCT epilayers implanted with arsenic of 2 x 10" cm™ (a) at
350 keV, 50 nA; (b) at 450 keV, 50 pA; (c) at 350 keV, 800 pHA.

energy is more serious than that of the sample implanted at lower energy. That is, the increase
in implant energy results in the more energy transfer from implanted ions to lattice with the
displacement of more lattice atoms, thereby aggravating the amorphization of surface MCT.

As mentioned earlier, the profiles of arsenic ions are insensitive to beam current. However, the
change in beam current leads to the different distributions of induced damages. Figure 8(c)
provides the TEM cross-section image of MCT implanted with arsenic of 2 x 10'* cm™ at 350 keV
and 800 pA. Compared with Figure 8(a), the a-MCT layer and the SDL in the 50 pA sample are
about 310 nm and 140 nm, respectively, while the 800 uA sample has a more thinner (260 nm)
a-MCT layer and a thicker SDL layer (160 nm). Accordingly, the conclusion could be drawn
that a longer period implantation at a low beam current could intensify the amorphization of
the surface MCT.

Figure 9 provides the TEM cross-section images of the surface layers in MCT epilay-
ers implanted with arsenic of 2 x 10" and 5 x 10" cm™, respectively. The implant energy is
320 keV. The thickness of the a-MCT layer in the low dose sample is less than that of the high
dose sample, while the thickness of the SDL in the former is greater than that of the latter.
It indicates that the longer period ion implantation equivalent to higher dose could prompt
the amorphization of the surface MCT. Additionally, the insensitivity of the thickness of the
whole damage layer to beam current implies that the SDL could be transformed to the a-MCT
layer under the successive ion bombardment.

The high-resolution TEM was utilized to characterize the detailed microstructures of the
induced defects in the SDL of arsenic-implanted MCT layers. As illustrated in Figure 10, the
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Figure 9. TEM cross-section images of the surface layers in MCT epilayers implanted with arsenic of (a) 2 x 10" and (b)
5% 10" cm, respectively, at 320 keV.

Figure 10. TEM images of induced defects in SDL of arsenic implanted MCT. (a) Dislocation cluster and (b) dislocation
line.

short defects in the SDL could be classified into two types: dislocation cluster and dislocation
line. Interestingly, most of dislocation lines are along <110> orientation parallel to the surface,
which could be attributed to the larger atom spacing along the <110> orientation in MCT with
the face-centered-cubic structure. Therefore, the recoil atoms induced by arsenic ions tend to
be displaced along the <110> orientation to form dislocation lines.

Specially, the residual defects were discovered around the previous interface between a-MCT
layer and SDL for the arsenic implanted MCT at 450 keV after Hg overpressure annealing,
forming a belt of point defects, as shown in Figure 11. It indicates that the induced defects
formed at adequately high implant energy could not be eliminated even after annealing.
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Residual defects

Figure 11. (a) TEM image of a belt of residual point defects in MCT epilayer implanted with arsenic ions at 450 keV after
Hg overpressure annealing. (b) Detailed TEM image of residual point defect.

In order to characterize the details of these residual defects, the high-resolution TEM was
adopted. It can be seen from the insert chart in Figure 11 that the point defect is actually a
cluster of vacancies. The deduction could be acquired that the ion implantation at too high
energy will result in the net loss of lattice atoms.

The barrier layer is deposited to protect the MCT epilayer from the external contamination
and absorb the induced damages. However, the thin evaporated CdTe barrier layer was
proved to generate the BLICE effect [13]. This effect can be suppressed by increasing the
thickness of evaporated CdTe layer and adopting the other barrier layer materials [12]. Here,
the TEM cross-section images of the double-layer ZnS-coated MCT epilayer (implanted with
arsenic at 400 keV) and the double-layer CdTe-coated MCT epilayer (implanted with arsenic
at 320 keV) are provided in Figure 12 respectively. The a-MCT layers become very thin or
almost disappear both in the MCT epilayers of the two samples. In addition, the thinner SDL
in the ZnS-coated sample implanted at higher energy demonstrates the stronger barrier effect
of ZnS than CdTe. The thickness of the barrier layer can be optimized to adjust the SDL depth.

3.2. Other dopants

The microstructure and distribution of induced defects in the MCT epilayer implanted with
the other group V dopants such as phosphorus were also characterized by TEM as illustrated
in Figure 13. The thicknesses of the a-MCT layer and the SDL in the phosphorus-implanted
sample are about 380 and 220 nm, respectively. Obviously, the induced damages of implanted
phosphorus ions to lattice are more serious than arsenic ions under the same implantation
condition, compared with Figure 8(a). Moreover, in addition to dislocation cluster and dislo-
cation line, the crescent dislocation is discovered in the SDL of phosphorus implanted MCT
as shown in Figure 13(b).
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Figure 12. (a) TEM cross-section images of the double-layer ZnS-coated MCT epilayer implanted with arsenic at 400 keV.
(b) TEM cross-section images of the double-layer CdTe-coated MCT epilayer implanted with arsenic at 320 keV.

Surface

Figure 13. (a) TEM cross-section image of the near surface layer in the MCT epilayer implanted with phosphorus ions of
2 x 10" em™ at 350 keV. (b) TEM image of a crescent dislocation in the SDL of the phosphorus-implanted MCT.

4. XRD analysis

XRD usually serves as an analytic method of characterizing the crystallinity and the preferred
orientation of materials. Here, it is utilized to characterize the change in the lattice structure
of as-implanted MCT epilayers. Figure 14 illustrates the characteristic diffraction peaks of
un-implanted, arsenic implanted, and phosphorus implanted MCT epilayers. It can be seen
that the characteristic peak of the un-implanted epilayer is symmetric and the full width at
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Figure 14. Characteristic diffraction peaks of (a) un-implanted MCT layer, (b) MCT layer implanted with arsenic ions of
2x10" cm™at 350 keV, (c) MCT layer implanted with arsenicions of 2 x 10" cm™ at 450 keV and (d) MCT layer implanted
with phosphorus ions of 2 x 10™* em™ at 450 keV.

half maximum (FWHM) is about 27.7 arcsec. Subjected to ion implantation, the FWHMs of
the characteristic peaks of as-implanted MCT epilayers are all broadened. Under the same
implant condition, the FWHM of the arsenic implanted sample increases from 27.7 arcsec to
28.8 arcsec, while the FWHM of the phosphorus implanted sample increases from 27.7 arc-
sec to 33.1 arcsec. Moreover, these peaks become asymmetrical and can be decomposed into
two subpeaks by multipeak fitting: a narrow peak with a lower intensity and a broad peak
with a very low intensity. The broad peak moves in the direction of the angle w reduction.
It demonstrates that the surface MCT material is amorphized and the corresponding lattice
constant increases. Therefore, the FWHM and the position of the broad peak are related to the
amorphization of the surface MCT layer. In addition, the position offset and the intensity of
the broad peak relative to the cumulative peak should be used to describe the level of amor-
phization in near surface layer of MCT.

5. Computer simulation

The characterization of ion profiles and induced defects in the MCT epilayers implanted
with group V dopants was discussed and analyzed above. Here, some simulation results of
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implanted ion trajectories and recoil atom motions in bare and barrier layer-coated MCT epi-
layers are presented based on the calculation of computer software.

In fact, the trajectories of implanted ions in lattice are random and unrepeatable as shown in
Figure 15(a). A number of continuous collisions between an implanted ion and lattice atoms
occur, and the ion can stop at a certain position in the lattice. Moreover, the recoil atoms
struck by the implanted ion could result in the collision cascades with the other lattice atoms,
thereby generating more recoil atoms. The distribution of the recoil atoms corresponding to
the ion trajectories in Figure 15(a) is illustrated in Figure 15(b). It can be seen that the distri-
bution region of recoil atoms is layer than that of ion trajectories. Therefore, the origin of the
induced damages can be considered to be the collision cascade of recoil atoms. On the other
hand, both the distributions of ion trajectories and recoil atoms are isotropic for bare MCT
implanted with ions. That is, the net loss of lattice atoms could occur due to the short pro-
jected range of implanted ions in MCT.

Figure 16 provides the linear density of implanted arsenic and phosphorus ions ver-
sus the MCT target depth with the implant energy of 350 keV. From this diagram, the
average projected range (R ) and the ion peak linear density can be acquired. Here, the
peak linear densities of arsenic and phosphorus ions are approximately 5 x 10* (at./cm?)/
(at./cm?) and 2.4 x 10* (at./cm?)/(at./cm?), respectively. Calculating with the implant dose of
2 x 10" cm™ from the samples shown in Figures 1(a) and 7(a), the theoretical peak concen-
trations of implanted arsenic and phosphorus ions should be estimated to be ~1 x 10" cm™
and ~4.8 x 10" cm™, respectively, in accordance with the measured peak concentrations of
arsenic ions in Figure 1(a) and phosphorus ions in Figure 7(a). Therefore, the simulation
results should be credible for theoretically calculating the distributions of implanted ions
and recoil atoms.
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Figure 15. Simulated distributions of (a) ion trajectories and (b) recoil atoms in the bare MCT implanted with arsenic ions
at 350 keV based on the computer software.
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Figure 16. Linear density of implanted arsenic and phosphorus ions versus the MCT target depth with the implant
energy of 350 keV acquired from computer simulation. (a) Arsenic ions and (b) phosphorus ions.

Figure 17 shows the histogram of the simulation and experimental values of average pro-
jected ranges (Rp) of arsenic, phosphorus, and antimony ions implanted into bare MCT epi-
layers at different energies. It can be seen that the simulation results are in good agreement
with the experimental values. The light ion (P) possesses the largest Rp values, while the
heavy ion (Sb) has the smallest Rp values. Additionally, the Rp value increases approximately
linearly with implant energy.

Subsequently, the ion trajectories and the recoil atom motions in the MCT epilayers covered by ZnS
and CdTe double-layer barrier layers implanted with arsenic ions were simulated, respectively. In
the simulation, the density of the evaporated ZnS film is selected to be about 3.3 g/cm? [18], while
the density of the evaporated CdTe film is set to be 5.83 g/cm® [19]. Figure 18 provides the ion
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Figure 17. Histogram of the simulation and experimental values of average projected ranges (Rp) of arsenic, phosphorus
and antimony ions implanted into bare MCT epilayers at different energies: As~350, 400 and 450 keV; P~350 keV; Sb~260
and 320 keV.
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trajectories of arsenic ions implanted into ZnS-coated and CdTe-coated MCT targets, respectively.
It should be noted that the ion trajectories in the ZnS-coated sample appear to be a little anisotro-
pic, while the ion trajectories in the CdTe-coated sample are still isotropic, similar to bare MCT.

The linear densities of arsenic ions implanted into the MCT covered by ZnS and CdTe barrier
layers are illustrated in Figure 19. It can be seen that the peak linear densities of arsenic ions
in these two targets are both close to the interface between barrier layer and MCT. The peak
linear densities of arsenic ions in the ZnS-coated and CdTe-coated samples are approximately
5.5 x 10* (at./cm?)/(at./cm?) and 5.6 x 10* (at./cm®)/(at./cm?), respectively. Calculating with the
dose of 1 x 10" cm™ from the sample shown in Figure 5(a) and the dose of 2 x 10" cm™ from
the sample shown in Figure 6(a), the theoretical peak arsenic concentrations in the ZnS-coated
and CdTe-coated samples should be estimated to be ~5.5 x 10" and ~1.1 x 10" cm™, respec-
tively, very close to the measured peak concentrations of ~4.9 x 10'® cm™ in Figure 5(a) and
~1.15 x 10" cm™ in Figure 6(a). Figure 20 provides the histogram of the simulation and experi-
mental Rp values of arsenic ions implanted into the ZnS-coated and CdTe-coated MCT epilay-
ers, with good consistency between the simulation values and the experimental values.
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Figure 18. Ion trajectories of arsenic ions implanted into (a) ZnS-coated (implant energy ~ 400 keV) and (b) CdTe-coated
(implant energy ~ 320 keV) MCT targets, respectively.
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Figure 19. Linear densities of arsenic ions implanted into (a) ZnS-coated (implant energy ~ 400 keV) and (b) CdTe-coated
(implant energy ~ 320 keV) MCT targets, respectively.
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Figure 20. Histogram of the simulation and experimental Rp values of arsenic ions implanted into the ZnS-coated and
CdTe-coated MCT epilayers.

6. Conclusion

In this chapter, the p-type (As, P and Sb) ion implantation in MCT epilayer is investigated
based on the characterization methods such as SIMS, TEM and XRD. The distribution
profiles of arsenic, phosphorus and antimony ions implanted into MCT were measured
by SIMS. The influences of some key technological parameters, including energy, dose
and beam current, on the distribution and diffusion of implanted ions were discussed and
analyzed. Meanwhile, the microstructures of surface amorphization and induced defects
in as-implanted MCT were characterized by TEM. The short defects in SDL include dis-
location cluster, dislocation line and crescent dislocation. Moreover, the residual point
defect belt comprised with vacancy clusters was observed to prove the occurrence of the
net loss of lattice atoms under the ion bombardment of too high energy. In addition, XRD
was utilized to characterize the variance of lattice structure induced by ion implantation.
The position offset of the broad diffraction sub-peaks and the FWHM broadening of the
cumulative peaks are attributed to the surface amorphization of as-implanted epilayers.
As an important technological structure, the effects of the barrier layers, such as ZnS,
CdTe, on the ion profiles and induced defect distributions are studied. Finally, the ion
trajectories and recoil atom motions in bare and barrier layer-coated MCT targets were
simulated based computer software. The average projected ranges and the peak doping
concentrations were calculated theoretically, with good consistency with the experimen-
tal values.
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