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ABSTRACT

This paper reviews the behavior of Fluorine implantation on nanoelectronics devices, focusing on three device areas: Poly-Si gate,
P+/N-junction, and Ti-Salicide. The study reveals that the mechanism of Fluorine in bond strain relaxation at the SiO2-Si interface,
reduces transient enhanced diffusion of Boron in P+/N-junction, and promotes the formation of C-54 phase Titanium Silicides. The
paper summarizes the potential of Fluorine implantation to enhance electrical characteristics and reliability stress in poly-Si gate and
P+/N-junction. It provides insights into optimizing Fluorine implantation processes to balance its positive and negative effects on
nanoelectronics device fabrication, suggesting an optimum range of Fluorine concentration to achieve the best performance.
Ultimately, this paper emphasizes the critical role of Fluorine implantation in advancing the efficiency and performance of

nanoelectronics devices.

Keywords: Nanoelectronics device, Fluorine implantation, Poly-Si gate, P+/N-junction, Ti-Salicide

1. INTRODUCTION

Ion implantation is a critical process in nanoelectronics
technology, used extensively in the fabrication of
semiconductor devices. It involves bombarding a
semiconductor substrate, with high-energy ions to modify
its electrical properties [1]. This process allows precise
control over doping concentration and depth, which is
essential for creating various components such as diodes,
and transistors. However, creating Ultra Shallow Junctions
(US]s) presents specific challenges, particularly in achieving
the desired junction depth and sharp doping profiles while
minimizing damage to the substrate [2, 3]. Low-energy ion
implantation is utilized to control the penetration depth
precisely, but this approach necessitates advanced
annealing techniques to activate the dopants without
causing excessive diffusion. Additionally, minimizing
leakage currents, which can result from interface traps and
defects introduced during implantation, remains a critical
concern.

Therefore, Fluorine implantation which is used as co-
dopant prior to boron can suppress Boron Transient
Enhanced Diffusion (TED) [2-5] and enhance Boron
activation [3, 4]. Furthermore, it also reduces the interface
trap density [5, 6] and reduces leakage current [7] at P+/N
junctions, thereby enhancing the electrical characteristics
and reliability of the nanoelectronics devices [7-12]. To
effectively utilize these benefits, a fundamental
understanding of Fluorine behavior is essential. Through
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this review, the potential benefits and practical applications
of Fluorine implantation in enhancing the performance and
reliability of semiconductor devices are explored.

Fluorine ions are introduced during the implantation
process and subsequently impact the characteristics of
several device areas: (1) Poly-Si gate, (2) P+/N- junction
and (3) Ti-Salicide (TiSiz), while Lightly Doped Drain (LDD)
is simultaneously formed, as illustrated in Figure 1.
Accordingly, this paper is divided into five main sections,
whereby Section 2 describes the methodology of Fluorine
implantation. Section 3 explores the characteristics of
Fluorine implantation at the interface of Poly/SiOz and Si-
SiOa. Section 4 investigates the characterization of Fluorine
implant in P+/N-Junction. Section 5 examines the effect of
Fluorine implantation on Ti-Salicide. Finally, Section 6
concludes with an overall impact of Fluorine implantation
on P-type Metal-Oxide-Semiconductors (PMOS) devices.

TiSi2

TiSi2

Figure 1. Physical structure of PMOS transistors
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2. METHODOLOGY OF FLUORINE IMPLANTATION

PMOS process flow is introduced in Figure 2 as a general
background for the Fluorine-related process [13]. Several
combinations of Fluorine implantation with Boron are
presented in Table 1. The most used methods for
introducing Fluorine ions include BF2* ion implantation and
a separate Boron implantation followed by Fluorine
implantation. In the fabrication process, the existence of
Fluorine significantly impacts three process blocks, which
are (1) gate oxide and poly deposition, (2) source/drain
formation, and (3) Ti-salicidation, as illustrated in Figure 2.

3. CHARACTERISTICS OF FLUORINE IMPLANTATION AT
THE INTERFACE OF POLY/SI & SI-SIO:

The mechanism of Fluorine in polysilicon (poly-Si) layers
and at the Si/SiO: interface has been extensively studied
[13]. From various Secondary Ion Mass Spectrometry
(SIMS) profiles [10, 24], Fluorine peak is at the middle of
SiO2, interface, as shown in Figure 3.

Initially, the Fluorine ions are implanted on the
polycrystalline silicon, as the annealing temperature
increases, Fluorine atoms are anomalously diffused. A
localized accumulation of Fluorine was noticed near the
peak point of the Fluorine distribution [31]. The
redistribution of Fluorine at silicon is observed and
influenced by the magnitude and distribution of persistent
damages from post-annealing [32]. The Fluorine diffusion is
enhanced in the presence of grain boundaries, and Fluorine
atoms may be trapped at the grain boundaries. Then,
incorporating grain boundaries in the Poly-Si can improve
the electrical properties of thin film transistors or solar cells
[31]. Therefore, optimum Fluorine passivation of grain
boundaries can mitigate the damages caused by previous
high-dose implantation at Si-SiOz interface [14, 24, 31].

Furthermore, the optimum amounts of Fluorine in the oxide
at the Si/SiO: interface can improve the oxide breakdown
voltage, lower leakage current [11], and interface hardness
against hot electrons [12] and radiation damage of MOS
devices [33]. The improvement of reliability is due to the
reduction of local strain relaxation [13, 34, 35] and interface
states [10, 23, 35] due to Fluorine implantation. This
process breaks strained Si-O-Si bonds near the SiO:2/Si
interface and forms the Si-F bonds and non-bridging Si-O
bonds. The Fluorine in thermal SiO: tends to form Si-F
bonds rather than O-F bond or Si-OF bond [34, 36], which
leads to the relaxation of the interfacial strain, consistent to
the observed Fluorine-induced oxide stress relaxation [37].
Based on the bond strain gradient model, Si-F bond can
suppress the migration of non-bridging oxygen defects
towards the Si-SiO:z interface, thus reducing interface traps
[11, 38]. Therefore, the strain distribution near the interface
can improve the radiation or hot-carrier hardness of the
gate oxide by relaxing the oxide stress near the interface
[11].

However, Nishioka et al. [12] found that when an excessive
amount of Fluorine is introduced, a high density of
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nonbridging oxygen bonds is created. Although there is
local strain relaxation to inhibit defect migration at the
same time, it will lead to performance degradation due to
the O shift of F from strained Si-0-Si bonds [33], this model
is also supported by Kouvatsos et al. and Mitani et al. [23].
Thus, the charge-to-breakdown (Qbd) improvement and
oxide thickness increase due to the strain release and the
recombination of the local SiOz structure by doping Fluorine
[8, 23]. It concludes that the optimum Fluorine
concentration is achieved when the advantages of strain
relaxation far exceed the adverse effect of the non-bridging
oxygen bonds [13].

Table 1. Fluorine implantation methodology

Type of dopants References
B+F [2,4,7-9,14,17]
F+B [3,18-21]

BF2 [3,16,18,21-28]
BF: +B [18]
BF2+F [29, 30]
F + BF2 [29, 30]
P-substrate <100>
!
Local Oxidation of Silicon (LOCOS)
¥

N-Well formation

!

Gate oxide and Poly Deposition

I

Gate Spacers, n-/p- LDD

Source/Drain formation, followed by
Fluorine implant

Salicide

l

Contact + Metallization

Figure 2. Process flow of PMOS
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Figure 3. Fluorine distribution in gate oxide



3.1. Si-F Bonds Properties

A Fluorine-enriched region in SiOz is created when Fluorine
implantation into the top layer of the poly-Si gate electrode
at low energies, followed by high-temperature annealing
processing that drives Fluorine into the SiO2 [8]. Stronger
interfacial Si-F bonds are more resistant to breakage under
high-temperature electrical stress than Si-H bonds. With
more incredible bonding energy (5.73 keV) for Si-F bonds
than Si-H bonds (3.18 keV) as depicted in Figure 4, the
electrical and thermal stress of Si-F bonds is superior,
contributing to enhanced oxide reliability [39] and
resistance to radiation or hot-carrier damage [10, 11].
Furthermore, the increased bond strength and chemical
stability make Si-F bonds less reactive and more resistant
to thermal decomposition, which can improve the dielectric
quality of the gate oxide layer by reducing trap states. Si
dangling bonds and Si-0 bonds are replaced by the Fluorine
atoms in the gate oxide to form Si-F bonds. In short, Si-F
bonds help to suppress the generation of interface traps at
the Si/SiO2 interface due to higher binding energy [12, 36,
39].

3.2. Physical and Electrical Characteristics of Fluorine-
implanted PMOS Devices

The incorporation of Fluorine at the interface of poly-Si and
Si-Si02 can enhance both physical and electrical
characteristics, as summarized in Table 2. These
improvements include a shift in the flat band voltage to
positive [8, 9], increase gate oxide thickness [40], decrease
dielectric constant [41], decrease in gate leakage current
[42], and reduction in interface trap density [37, 42]. It is
concluded that there is a trade-off between the amount of
Fluorine incorporation, determining the thickness and
reliability of the gate oxide.

Fluorine implantation [24, 40] showed that the gate oxide
(SiO2) thickness is increased, and oxide quality is improved
due to the reduction in interface state density after the
annealing process [40]. Wright et al. [8] proposed a two-
step model to explain the diffusion behavior of Fluorine in
poly-Si/SiO2 and SiOz/Si interface, as depicted in Figure 5.
First, during the annealing post-fluorine implantation, the
Fluorine ion diffuses and bonds to the dangling bonds,
weakening bonds at the poly-Si/SiOz and SiOz/Si interface.
Thus, Fluorine distribution is established with the peaks
near the Si/SiO2 and poly-Si/SiO2 interfaces [23]. The
Fluorine molecules disrupt Si-O bonds and displaces

Poly-Si Si02 Si Poly-Si Si0: Si
0 : Foo
0 o F i
PR
° o
(@) (b)

Figure 5. Fluorine distribution (a) without fluorine implant and
(b) with fluorine implant after annealing
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oxygen at the SiO2/Si and poly-Si/SiOz interfaces, and the
dangling bonds on a silicon atom act as a hole trap, as shown
in Figure 6(b). Fluorine enhances oxygen diffusion in gate
oxide bulk after the annealing process. The free oxygen
diffuses towards the interface to oxidize the additional
silicon, showing that additional oxide is being generated.
This can be explained by the fact that Fluorine contributes
to oxide growth as it reacts at the interface between the
Si/Si0, therefore increasing the gate oxide (SiO2) thickness
[8, 40].

Table 2. Summary of physical/electrical characteristics impacts
by fluorine implantation

Physical / Electrical Results References
Characteristics
Gate thickness oxide Increase [8,22, 23,29, 43,
16.75% 44, 46]
Average Roughness (Ra) Reduce by [10]
44.8%
Flat band voltage Shift [8,9, 14, 24, 40,
~=-40 mV 45]
Refractive index Decrease [41]
Gate leakage current Decrease [7,10]
Breakdown electric field Increase [8,10, 66]
Interface trap density Decrease by [11-14, 23, 33,
27% 42-45]
Transconductance Improve [33, 45, 46]
DIBL Shift [9]
~24 mV

5.730\'t\|19 \? \\f) \\l)

a)
?

)

Figure 4. Si/SiO2 interface bonding structure: (a) passivated
interface with fluorine atoms; (b) passivated interface with
hydrogen atoms [39]

| F
~. \/
/N /N /N

N
/ \ (a)

Figure 6. (a) Fluorine displaces oxygen in the Si-0-Si bond. (b)
The dangling bond on the silicon atom acts as a trap [40]
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Furthermore, Fluorine-implanted devices have more
smooth surfaces by 44.8 % than non-implanted devices [10]
due to the incorporated Fluorine breaking the strain bonds,
lead to the formation of strong Si-F bonds in the interface,
thereby smoother the surface morphology. In electrical
characteristics, the flat band voltage (Vrg) shifted to positive
in the Fluorine implant device, indicates that the Fluorine
implant can generate a negative fixed charge at the interface
of Si/Si02 [8, 9]. When the Fluorine atoms are incorporated,
Si-F bonds are formed to remove the weak interactions and
weak bonds such as Si-Si or Si-O. Thus, the corresponding
energy state is moved out of the energy bandgap, reducing
the interface state density [37].

Additionally, the incorporation of Fluorine atoms into SiO2
films can reduce dielectric constant and refractive index
[38, 41]. Therefore, the structural alteration of gate-oxide
films is a result of the reaction between Fluorine atoms and
Si-0 bonds [23]. Due to high cumulative dose or etching
effect in the process, the Fluorine concentration in the
silicon dioxide film is high, which leads to the decrease of
dielectric constant with implantation time [47]. As a result,
the Fluorine implantation enhances the stability of the SiO-
film.

Besides that, the Fluorine-implanted poly-gate also lower
leakage current [10] and higher breakdown electric field
[10] due to the decrease of gate oxide defects [42]. The
interface trap density in samples implanted with Fluorine
ions is reduced [11] compared to un-implanted oxide
samples as Si-F bonds have a smaller bond length and lower
polarizability compared to Si-OH bonds, which can reduce
the likelihood of defects and traps. Moreover, drain-induced
barrier lowering (DIBL) is a short-channel effect in
MOSFETs occurring when the voltage at the drain terminal
of the transistor causes a reduction in the potential barrier

at the source-drain junction, resulting in a lowering of the
threshold voltage. Fluorine-implant also improve the DIBL
by ~24mV [6, 9], indicating the improvement of the short
channel margin. It is believed that the incorporation of
Fluorine will increase the barrier.

In short, the observed improvements in electrical
characteristics evidence the effectiveness of Fluorine ions in
improving gate oxide quality [68]. However, excessive
amount of Fluorine dose seems to result in performance
degradation due to the generation of non-bridging oxygen
centers. Thus, the optimum Fluorine-implanted dose is
suggested in the range of 5 X 10'* to 2 X 105 cm-2.

3.3. Reliability Improvement by Fluorine Implantation

Fluorine implantation in Poly-Silicon gates enhances device
reliability performance in negative-bias temperature
instability (NBTI) [9, 22, 29, 39, 67] as shown in Figure 7(a).
Siti Zubaidah et al. have demonstrated that Fluorine
implantation at the channel region effectively mitigates the
NBTI at the SiO: interface [22]. Moreover, as shown in
Figure 7(b), the Fluorine-implanted devices display a longer
Time Dependent Dielectric Breakdown (TDDB) lifetime
compared to the base device [9], as well as hot carrier
injection (HCI) [22].

The reliability enhancement of nanoelectronics devices
through Fluorine implantation is summarized in Table 3. By
optimizing implantation parameters such as energy and
dose, it is possible to achieve these benefits while
minimizing potential damage to the gate oxide.
Improvements in interfacial stability [10] are attributed to
the relaxation of strain at the interface or the replacement
of Si-H bonds with stronger Si-F bonds.

Table 3. Summary of stress reliability characteristics impacts by fluorine implantation

Reliability test Results References
Negative Bias Temperature Instability (NBTI) Lifetime improves 0.6x times [6,9,29,39,67]
Hot carrier injection (HCI) Lower shifts of the transconductance and threshold voltage [12, 22, 46]
Time dependent dielectric breakdown (TDDB) Lifetime improves [9, 46]
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(@)

Vg,stress [a.u.]

(b)

Figure 7. (a) NBTI lifetime vs Vg, stress and (b) TDDB vs Vg, stress for the base device and the F add + tox controlled, respectively [9]
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4. CHARACTERIZATION OF FLUORINE IMPLANT ON
P+/N-JUNCTION

As semiconductor devices continue to shrink, there is an
increasing demand for shallow P+/N-junctions with low
sheet resistance. However, achieving these shallow
junctions through B+ implantation can be challenging due to
the rapid boron diffusion in the Si substrate and ion
channeling effect [33]. Ion implantation inherently induces
damage to the silicon lattice, resulting in the substantial
supersaturation of silicon self-interstitial (I's) during post-
implantation annealing. During the initial annealing stages,
the self-interstitial supersaturation can enhance the
diffusivity of dopants, such as Boron (B), Phosphorus (P),
and Arsenic (As). However, the formation of end-of-range
(EOR) defects, which are interstitial-type dislocation loops,
leads to transient enhanced diffusion (TED) [14-17, 20, 21,
48, 49]. Therefore, Fluorine implantation has been
employed in P+/N interface as shown in Figure 8 to improve
short-channel effects by diminishing Boron diffusion in
Silicon.

One of the techniques that has been utilized to form shallow
P+/N-junctions is through BF2* ion implantation [18, 19, 25,
26]. Fluorine implantation has been demonstrated to
reduce TED of Boron [2, 3,7,15,17, 19, 20, 49, 52], resulting
in a steeper annealed Boron profile. This reduction in Boron
TED, as observed through various secondary ion mass
spectrometry (SIMS) measurements [3, 16, 19, 50] leads to
a decrease in junction depth with a pronounced energy
dependence [19, 51].

Furthermore, Fluorine significantly impacts diffusivity and
reactivation of Boron through the formation of Fluorine-
Vacancy (FV) clusters. The effect of Fluorine on point
defects has been studied through direct observation of Si
self-diffusion [17], which is occurring through the
interstitial (I) and vacancy (V) mechanisms. In the presence
of Fluorine, the enhanced self-diffusion of Si is due to an
increase of vacancies (V) concentration emitted when FV
clusters dissolve. Additionally, the diffusion of boron is
reduced because I (Interstitial) undersaturation, resulting
in an increase in V concentration owing to FV clusters [4, 5,
49, 54, 59]. Thus, the enhancement of Si self-diffusion is
explained by the increase of V concentration, while the
diffusion of boron is reduced by diminishing the I
concentration.

Poly
SiOx

LDD, LDD

p* p+

N-well

Figure 8. Fluorine ions exist in P+/N-well interfaces
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Besides that, the presence of Boron atoms also suppresses
the dissolution of FV clusters, and it is observed that the FV
clusters are nearly immobile around the Boron peak when
Fluorine is implanted with Boron, which is an area that
aligns with the peak of Fluorine [20]. The V emission from
FV clusters cannot account for the characteristic pinning of
the Boron diffusion. These findings suggest there is a direct
interaction between Fluorine and Boron, especially when
both Fluorine and Boron atoms coexist at the high
concentrations [21]. Consequently, this trapping reduces
the boron diffusion due to the Fluorine-Boron interaction.

In summary, the overall picture of the boron effect in TED
suppression by Fluorine incorporation is attributed to I
undersaturation caused by FV clusters in low Fluorine
concentration and the direct Fluorine-boron interaction in
high Fluorine concentration. The current work
demonstrates that the effects of FV clusters and F-B
interaction are coexisted to explain the mechanism of boron
TED suppression.

4.1. Physical and Electrical Characteristics at P+/N-
Junction in PMOS Devices

Table 4 summarizes the effects of Fluorine implantation on
the physical and electrical properties. Fluorine has been
shown to retard the diffusion of boron, leading to shallower
junctions in P+/N-junctions and reduced sheet resistance.
According to Huang et al. [3], Fluorine pre-amorphization
can effectively suppress Boron TED in regions with low
Boron concentration. This leads to a steep dopant profile
that facilitates the formation of shallow junctions. The
interaction of Fluorine with defects in the low boron
concentration region is thought to impede boron diffusion,
thereby controlling the dopant distribution. As a result, the
process of implanting low-energy Boron into Fluorine pre-
amorphized Silicon, followed by rapid thermal annealing to
achieve shallow junction formation, is enabled.

Furthermore, the degradation of leakage current in P+/N-
junction can be improved by Fluorine implantation [30, 57].
Experiment results [57] demonstrate that the implantation
of BF: followed by Fluorine improves the leakage current in
the P+/N-junction by one decade. In a PN-junction, the
minority carriers can cross through the depletion region.
However, there are generations and recombination
occurring at trapping centers. Therefore, when the Fluorine

Table 4. Summary of physical and electrical characteristics
impacts by fluorine implantation

Physical / Electrical Results References
Characteristics
Junction depth Shallower [4, 15, 44, 45, 51]
Sheet resistance Reduce by [2, 16,39, 45,47, 51,
44% 55,59, 68]
Leakage current Decrease [3, 43,52, 54, 60]
Breakdown voltage Increase [52]
Transconductance Increase [16]
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level is low, fewer traps are generated at the depletion
region, thereby resulting in reduced generation-
recombination current, which contributes to a decrease in
leakage current in pn-junction. As a result, Fluorine can
deepen the EOR location [70], which is supported by
Haizhou Yin et al. [58], thus improving the electrical
characteristics of P+/N-junction.

Additionally, the reduced Boron concentration observed in
the SIMS profile contributes to an improved breakdown
voltage. This is achieved by creating a wider depletion
region in the P-N junction [57]. When the Fluorine dose or
energy increases, more Si-F bonding is formed and
minimizes the Vr shift during NBTI stress. This leads to a
deeper F projected range (Rp), as more Fluorine atoms
being incorporated into the SiO: interface. This interaction
reduces capacitance and increases oxide thickness, which is
discussed in Section 3. Besides, the effectiveness of lateral
redistribution suppression of Boron evidences the
improvement of the short-channel effect, which indicates an
improvement in the transconductance [18].

In summary, Fluorine implantation has been studied for its
beneficial effects on dopant activation and junction
performance in P+/N junction. Co-implantation of Fluorine
has been proved to reduce the Boron TED and achieve a
shallow junction with low sheet resistance. Implantation of
Fluorine can alter the doping profile and carrier
concentration. By controlling the Fluorine dose and energy
during BF: implantation, it is possible to optimize the
device's electrical performance, particularly those relying
on PN junction diodes.

5. CHARACTERISTICS OF TI-SALICIDE POST FLUORINE
IMPLANTATION

Fluorine plays a significant role in Salicide processes as
shown in Figure 9. Metals like Titanium, Tungsten, Nickel,
and Cobalt, are alloyed with the top Poly-Silicon layers to
create a metal Silicide layer that exhibit improved electrical
properties for interfacing with Aluminum [60, 61].

Titanium Silicide (TiSiz) has been widely used in
semiconductor devices due to its low resistivity and good
compatibility with Silicon [55, 65]. During the salicidation
process, where Titanium reacts with Silicon to form low-
resistance contacts, Fluorine is introduced to improve the

quality of the silicide. However, a high Fluorine
salicide
salicide Poly salicide
SiO:
LDD LDD
p+ p+
N-well

Figure 9. Fluorine ions are present on the silicide metal layer
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concentration can diffuse into the TiSi2 layer and even
beyond it during high-temperature annealing. While
Fluorine can enhance silicide's smoothness and interface
quality, it may also cause Fluorine penetration into nearby
regions can lead to detrimental effects. For instance, it may
cause void formation [28], ultimately compromising the
integrity of the material. Thus, this paper offers a
comprehensive overview based on current research,
shedding light on both the positive and negative impacts of
Fluorine implantation on Ti-Salicide.

5.1. Beneficial Impacts of Fluorine Implant

The sheet resistance of TiSiz on Si is reduced by enhancing
the formation of C-54 nucleation sites [63]. Since the
Fluorine is implanted into silicon through BF: or Fluorine
ion, a cap oxide layer is deposited over the silicon surface
[63] after Fluorine implantation. This layer protects the
Silicon and controls the diffusion of Fluorine within the
Silicon lattice. During the annealing process, Fluorine
outgassing produces bubbles in silicon. When the covering
oxide is removed, the gas is released, and the surface of the
silicon becomes pitted and uneven. This surface topography
enhances the subsequent formation of C-54 nucleation sites,
leading to improved silicide properties.

The reduced sheet resistance of Titanium Silicide on Silicon
can be attributed to the physical principles underlying pre-
amorphization techniques utilizing high-dose Fluorine
implants. According to Chenl et al. [62], the conversion rate
of C-49 to C-54 do not increase by pre-amorphization.
However, the pre-amorphization enhance the reaction rate
between Titanium (Ti) and weakly bonded amorphous
silicon. It leads to the formation of C-54 phases with a larger
grains and lower resistivity. Xiao et al. [64] also propose
that pre-amorphization makes use of the latent energy
existing in amorphous silicon, thereby expedite the kinetics
of the C-54 phase transformation reaction. Consequently,
Fluorine implant causes pre-amorphization and decrease
the sheet resistance on silicided surfaces to promote the
formation of C-54 phase Titanium Silicides.

5.2. Negative Effects of Fluorine Implant

It has been observed that using BF2* for p+ source/drain
implant results in void formation within TiSiz film on P+
Polycrystalline Silicon (Poly) and diffusion regions [28] and
Fluorine atoms are responsible for the void formation [56].
As voids are only observed at post-silicidation, therefore it
is suggested that the void formation in Silicide films is a
consequence of the interaction between Fluorine out-
gassing and Titanium silicidation [28, 70].

Majority of the voids exist at the interface between the grain
boundary of the Polycrystalline TiSiz and the P+ Silicon
substrate, which often accompanied by an extended defect
that penetrates into the P+ Silicon substrate. TEM profiles
suggest that the formation of void is particularly susceptible
to the BFz* implantation and annealing temperature for the
P+ junction. These voids are attributed to Fluorine-related
precipitates, which are derived from the BF2* ion



implantation. However, the impact of the Fluorine at the
junction leakage and sheet resistance can be substantially
minimized by incorporating an additional thermal
annealing step between the P+ junction activation anneals,
and the Ti-Salicide module. This approach does not
compromise the performance of the pMOSFET devices.
Therefore, it is concluded that the influence of Fluorine on
the TiSiz salicide process can lead to void formation. The
presence of these voids can significantly reduce the device's
electrical characteristics, particularly in terms of leakage
current and sheet resistance [28, 70].

6. CONCLUSION AND OUTLOOKS

In conclusion, this review paper provides a comprehensive
understanding of the impact of Fluorine implantation on
three components of device areas: Poly-Si/SiO2 interface,
P+/N-junction, and Ti-salicide formation. At the Poly-gate,
it effectively facilitates bond strain relaxation at the Si02-Si
interface, fostering the development of stronger and more
stable Si-F bonds while simultaneously suppressing the
formation of interface traps. At the P+/N-junction, the
presence of Fluorine contributes to a reduction in the TED
of Boron, thereby enabling the creation of shallow junctions
with low sheet resistance. The implantation of Fluorine can
lead to a steeper doping profile and carrier concentration,
thereby significantly improving the device's electrical
characteristics and stress reliability. Lastly, at the Ti-
Salicide, the pre-amorphization of Fluorine implants leads
to decreased sheet resistance on silicided surfaces and
promotes the formation of the C-54 phase Titanium
silicides.

Overall, these aforementioned advantages emphatically
highlight the potential of Fluorine implantation as an
effective technique for enhancing the performance and
reliability of advanced semiconductor devices. However, it
also demonstrated that the use of low doses of Fluorine
atoms in the implantation process can result in a reduction
of the interface trap density, while higher doses of Fluorine
atoms have the opposite effect. Therefore, it is crucial to
control the Fluorination process in order to strike an
optimal balance between the positive and negative effects.
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