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Formation of NiSi-Silicided p¿n Shallow Junctions Using
Implant-Through-Silicide and Low-Temperature
Furnace Annealing
Chao-Chun Wang,z Chiao-Ju Lin, and Mao-Chieh Chen*

Department of Electronics Engineering, National Chiao-Tung University, Hsinchu 300, Taiwan

NiSi-silicided p1n shallow junctions are fabricated using BF2
1 implantation into/through thin NiSi silicide layer~implant-through-

silicide technology! followed by low-temperature furnace annealing~from 550 to 800°C!. The NiSi film agglomerates following
a thermal annealing at 600°C and may result in the formation of discontinuous islands at a higher temperature. The incorpor
of fluorine atoms in the NiSi film can retard the formation of film agglomeration and thus improving the film’s thermal stabilit
The forward ideality factor of about 1.02 and the reverse current density of about 1 nA/cm2 can be attained for the NiSi
(310 Å)/p1n junctions fabricated by BF2

1 implantation at 35 keV to a dose of 53 1015 cm22 followed by a 650°C thermal
annealing; the junction formed is about 60 nm measured from the NiSi/Si interface. Activation energy measurement indicates
the reverse bias junction currents are dominated by the diffusion current, indicating that most of the implanted damages c
recovered after annealing at a temperature as low as 650°C.
© 2003 The Electrochemical Society.@DOI: 10.1149/1.1599851# All rights reserved.
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Metal silicides have been extensively used in submicron devi
for lowering the series and contact resistance of source/drain
polysilicon gate. Moreover, with the continuing scaling of devic
dimension into the deep submicrometer regime, the silicide-
diffusion source~SADS! process has been proposed for the form
tion of silicide-contacted shallow junctions. In this process, silicid
contacted shallow junctions are formed by implanting dopants i
the silicide layer followed by low-temperature annealing; thus, t
process is also designated as implant-into/through-silicide~ITS!
technology. Shallow junction formation, low-temperature proce
ing, and low contact resistance are the major advantages of
SADS process.1-7

Among the metal silicides, titanium disilicide (TiSi2) and cobalt
disilicide (CoSi2) are now widely used in salicide processes acro
the industry because of their good thermal stability and low elec
cal resistivity. However, some critical drawbacks limit their applic
tions to future ultralarge-scale integrated~ULSI! technology. It has
been reported that Ti may react with implanted dopant to form co
pounds such as Ti-B and Ti-As, making TiSi2 a very ineffective
diffusion source for boron or arsenic.8,9 Moreover, the processing
temperature window of TiSi2 is relatively narrow due to the high-
temperature requirement for the high-resistivity C49 to low
resistivity C54 phase transition~^800°C! and the silicide agglom-
eration temperature limit~;950°C!.10 More importantly, incomplete
transformation from C49 to C54 TiSi2 phase occurs when the line
width is scaled down below 2mm because of the lack of nucleatio
center in the narrow lines, especially the triple-C49 gra
boundaries.11-14 In addition, the creep-up phenomenon during t
formation of TiSi2 silicide may form a bridge between the gate an
source/drain regions in submicrometer devices, causing de
failure.15 Unlike TiSi2 , CoSi2 has neither adverse linewidth depen
dence nor creep-up phenomenon. However, high Si consump
during the formation of CoSi2 silicide is a major drawback for the
submicrometer process. This restricts the vertical scaling for Co2

to achieve shallow junction.16 Moreover, junction spiking of CoSi2
contacted shallow junction due to sensitivity to native oxide, and
oxygen-containing environment needs a more complex silicidat
process, such as capping a passivation film during silicidation.17-20

Recently, nickel monosilicide~NiSi! has been recognized as
promising candidate for a contact metal for deep submicrome
device applications.15,21-33 NiSi has a low electrical resistivity of
14-20mm cm, which is comparable to those of TiSi2 and CoSi2 ; it

* Electrochemical Society Active Member.
z E-mail: wangchauchiung.ee88g@nctu.edu.tw
 address. Redistribution subject to ECS te130.15.241.167aded on 2015-03-08 to IP 
es
nd

s-
-
-
to
e

s-
he

s
i-
-

-

-

ce

on

i

e
n

er

also shows neither adverse linewidth dependence nor creep
phenomenon.23,27 In addition, NiSi has a lower formation tempera
ture ~;400°C! than TiSi2 and CoSi2 , making it suitable for the
low-temperature process required for future device fabrication. T
further advantage of NiSi relies on its smaller consumption of
~0.82 Å Si for 1 Å NiSi! compared to CoSi2 ~1.04 Å Si for 1 Å
CoSi2),28 which enables a shallow junction depth formation at th
metal/Si contact. Besides, NiSi has the properties of low NiSi
contact resistance,23,29 wide process window~400-750°C!, and low
film stress.20-26 These peculiarities make NiSi suitable for usage
the low-temperature process for sub-100 nm CMOS technology.30,31

In this work, formation of NiSi-silicided p1n shallow junction
using ITS technology is investigated with respect to various impla
tation energies and doses. Feasibility of low-temperature proces
and high-temperature stability of the NiSi/p1n junction are evalu-
ated by analyzing the electrical characteristics and material pro
ties of the silicided junction. Effects of implantation conditions o
the junction characteristics and high-temperature stability of
NiSi films are also investigated.

Experimental

The NiSi/p1n junction diodes were fabricated on n-type~100!-
oriented silicon wafers with 2.7-4V cm nominal resistivity. After
standard RCA cleaning, 5500 Å thick SiO2 was thermally grown by
pyrogenic oxidation at 1050°C. Active regions with areas of 110
580, 270, and 120mm2 were defined by photolithography followed
by wet etching. A Ni film of 150 Å thickness was sputter deposite
in a dc sputtering system with a base pressure of less than
3 1028 Torr, using a Ni target in Ar ambient at a pressure of
3 1023 Torr with a deposition rate of about 10 Å/s. After the N
film deposition, the samples were rapid thermal annealed~RTA! at
500°C for 30 s in a N2 ambient to form NiSi. The unreacted Ni film
was selectively etched using a solution of H2SO4 :H2O2 5 3:1 at
75-85°C. The formed NiSi film was about 310 Å thick as dete
mined by transmission electron microscopy~TEM! analysis. The
p1n junction diodes were formed by BF2

1 implantation into/through
the NiSi silicide at an energy of 20-35 keV to a dose of 23 1015 or
5 3 1015 cm22, followed by thermal annealing at a temperatu
ranging from 550 to 800°C in a N2 ambient for 30 min. Finally, a
5000 Å thick Al layer was deposited on the back side of Si substr
for all samples for a better contact in electrical measurements.

The thickness of the as-deposited Ni film and the formed N
film were determined with chemical delineation and TEM observ
tion. Sheet resistance was measured by four-point probe on the
patterned area. The p1n junction depth was determined by spreadin
) unless CC License in place (see abstract).  ecsdl.org/site/terms_userms of use (see 
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resistance profiling~SRP! measurement. Surface morphology wa
observed by scanning electron microscopy~SEM!. Secondary ion
mass spectrometry~SIMS! was used to determine the dopant con
centration profiles. The current-voltage~I-V! characteristics of the
NiSi/p1n junction diodes were measured by a semiconductor para
eter analyzer HP-4145B. The open-circuit leakage current of
measuring system was kept below 0.5 pA. The forward bias from
to 1 V at a step of 0.01 V and the reverse bias from 0 to25 V at a
step of 0.05 V were used for the I-V characteristics measureme
Temperature dependence of the reverse junction current was m
sured from room temperature to 200°C on a thermal vacuum chu

Results and Discussion

Transport of ions in matter simulation.—Before making the BF2
1

implantation, the as-implanted dopant distributions in NiSi film an
Si substrate were predicted by transport of ions in matter~TRIM!
simulation. For BF2

1 ion implantation, the BF2
1 ions are believed to

be dissociated upon their first atomic scattering. Therefore, the
ron energy is obtained by multiplying the BF2

1 energy by the mass
ratio of B1 to BF2

1 , which is 11/49. In this work, boron ions are to
be implanted into a sample which is composed of a 310 Å thick N
film and an underlying Si substrate. Figure 1 shows the as-implan
boron profiles obtained by TRIM simulation for BF2

1 implantation at
various energies to a dose of 53 1015 cm22. For the 20 keV im-
plantation, nearly all implanted boron ions are located inside t
silicide layer. In this case, the silicide film serves as a diffusio
source of boron for the p1n junction formation during the subse-
quent thermal annealing process. Boron in the silicide layer has
diffuse into the silicon substrate and become electrically active
form a good junction. Because boron can be electrically activated
a temperature as low as 550°C,34 using NiSi as a boron diffusion
source is possible at low processing temperature provided tha
sufficient amount of boron atoms are diffused into the Si substra
For the 25, 30, and 35 keV implantations to a dose of
3 1015 cm22, the boron concentrations at the NiSi/Si interface a
all higher than 13 1020 cm23, while all projection ranges are kep
within the silicide. These interface boron concentrations are h
enough to form a good silicided p1n junction provided that suffi-
cient amount of dopants are electrically activated and most of
implantation damage can be annealed out.

Sheet resistance.—Figure 2 shows the sheet resistance (RS) as a
function of annealing temperature for the BF2

1-implanted NiSi~310
Å!/Si samples;RS data for the control sample without any ion im

Figure 1. As-implanted boron profiles obtained by TRIM simulation fo
BF2

1 implantation into a 310 Å thick NiSi film on Si substrate to a dose o
5 3 1015 cm22 at various energies.
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plantation are also included for comparison. TheRS of the control
sample starts to show drastic increase after annealing at tem
tures above 600°C. This increase ofRS was apparently due to th
formation of islands at high temperatures, resulting in discontinu
structure of the NiSi film, as confirmed by the SEM micrographs
be shown later. TheRS of the BF2

1-implanted samples decreas
slightly with increasing temperature up to 700°C. For the sam
implanted with a lower dose of 23 1015 cm22, annealing at 750°C
resulted in NiSi film agglomeration and thus the increase ofRS,
while the sample implanted with a higher dose of 53 1015 cm22

was able to remain stable at temperatures up to 750°C. The c
sponding electrical resistivity of the NiSi film is about 18mV cm,
which is in agreement with the value reported in the literature.16 The
different behavior ofRS value vs. annealing temperature for th
sample with and without BF2

1 implantation is attributed to the inco
poration of fluorine in the NiSi film.35-37 Moreover, a larger amoun
of fluorine retarded the NiSi film agglomeration to a higher tempe
ture. Figure 3 shows the secondary ion counts of fluorine profile
the sample of NiSi~310 Å!/Si implanted with BF2

1 at 35 keV to a
dose of 23 1015 as well as 53 1015 cm22 followed by 750°C
thermal annealing. The fluorine concentration in the NiSi film an
the NiSi/Si interface is much higher for the higher do
BF2

1-implanted samples. The slightly higher value ofRS after an-
nealing at 800°C is attributed to the formation of NiSi2 phase.

SEM analysis.—Figure 4 shows the surface morphology of
NiSi ~310 Å/Si! control sample annealed at various temperatu
Film agglomeration occurred at temperatures as low as 600°C
the NiSi film was turned into isolated islands after annealing at
above 700°C, resulting in a drastic increase in the measured
resistance~Fig. 2!. Figure 5 shows the surface morphology of

Figure 2. Sheet resistancevs. annealing temperature for NiSi~310 Å!/Si
samples implanted with BF2

1 at various energies to a dose of~a! 2 3 1015

and ~b! 5 3 1015 cm22. The sample without ion implantation is designat
as control sample.
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BF2
1 ~35 keV! implanted NiSi~310 Å!/Si samples annealed at var

ous temperatures. For the lower dose (23 1015 cm22) implanted
sample, the NiSi film remained smooth after annealing at 700°C,
some minor agglomeration of NiSi film was observed after anne
ing at 750°C, which might cause NiSi/Si interface roughness
degrade the NiSi/p1n shallow junction characteristics. For th
higher dose (53 1015 cm22) implanted samples, the NiSi film re
mained stable at temperatures up to 750°C. Similar results w
observed for the samples implanted with BF2

1 at lower energies of
25 and 30 keV. Apparently, incorporation of fluorine in NiSi film i
a larger amount promoted the retardation of the NiSi film agglo
eration. We presume that the segregation of the implanted fluo
species at the NiSi grain boundaries resulted in the change of g
boundary energy and interfacial energy, leading to retardation of
film agglomeration. After annealing at 800°C, localized sinking w
observed on the silicide surface of both low- and high-dose

Figure 3. Secondary ion counts of fluorine ions in the sample of NiSi~310
Å!/Si implanted with BF2

1 at 35 keV to a dose of 23 1015 as well as 5
3 1015 cm22 followed by 750°C thermal annealing.

Figure 4. Top-view SEM micrographs showing the surface morphology
NiSi ~310 Å!/Si control sample annealed at~a! 600,~b! 700,~c! 750, and~d!
800°C.
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planted samples, and the degree of film agglomeration was reliev
to some extent. Because NiSi2 phase was found to appear after
annealing at 800°C@X-ray diffraction ~XRD! result not shown#and
it consumes more Si (Ni:Si:NiSi2 5 1 Å:3.65 Å:3.63 Å) than the
formation of NiSi phase (Ni:Si:NiSi5 1 Å:183 Å:2.34 Å),28 the
localized newly formed NiSi2 surface would sink. Thus, we presume
that the formation of NiSi2 relaxed the agglomeration of silicide film
and was able to maintain the continuity of the silicide film. We may
conclude that the BF2

1 implantation improves the thermal stability of
NiSi film as confirmed by the film’s sheet resistance behavior an
the smoother surface morphology.

Junction depth measurement.—SRP measurement was used to
determine junction depth in this work with an SSM-150 SRP sys
tem. All samples prepared for SRP measurements were first capp
with a 3000 Å plasma-enhanced chemical vapor deposited~PECVD!
oxide and then were polished to a small beveling angle of 17° fo
better resolution. Table I lists the junction depths measured from th
silicide/silicon interface for the NiSi/p1n samples studied in this
work. For the sample processed with BF2

1 implantation at 20 keV,
the junction depth was determined to be about 25 nm after
650°C/30 min thermal annealing. Since nearly all implanted boro
ions are confined in the silicide film for the BF2

1 implantation at 20
keV, the junction must be formed by the diffusion of boron from the
silicide during the thermal annealing process. Although the diffusiv
ity of boron in silicon is negligibly small at 650°C, it is presumed
that the diffusivity of boron in silicon of this study could be en-
hanced by the presence of silicide film.3,38 The enhancement in dif-
fusivity is attributable to the vacancy injection from the silicide. For
the implantation at higher energies~25, 30, and 35 keV!, the implan-
tation damage in silicon may also play a role for boron diffusion

f

Figure 5. Top-view SEM micrographs showing the surface morphology o
BF2

1 ~35 keV! implanted NiSi~310 Å!/Si samples annealed at~a! 700, ~b!
750, and~c! 800°C. The micrographs of the low-dose (23 1015 cm22) and
high-dose (53 1015 cm22) implanted samples are shown on the left and
right columns, respectively.
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resulting in deeper junctions. Higher implantation energy and hig
annealing temperature resulted in an even deeper junction.

Electrical characteristics.—The electrical properties of the sili-
cide contacted p1n shallow junction diodes fabricated by the IT
scheme are dependent on a number of factors, including the do
activation level, implantation damage recovery, silicide/silicon int
face roughness, and the distance between the silicide/silicon in
face to the junction position. All of these are closely related to t
energy and dosage of the dopant ion implantation as well as
dopant activation ability and the drive-in diffusion during the su
sequent annealing process; this is especially important for the c
of low-thermal-budget and low-energy implantation for the IT
scheme. All measurements were performed at room tempera
and each data point was obtained by averaging the data meas
from six randomly chosen samples.

Forward ideality factor.—The forward ideality factorh of a junc-
tion diode can be extracted from the basic I-V relation

I 5 I S@exp~qV/hkT! 2 1#

whereI S is the reverse saturation current,q is the electronic charge,
k is the Boltzmann constant, andT is the temperature at measure
ment. An ideality factor of unity indicates that diffusion curren
predominates while a factor of two indicates that depletion reco
bination current is dominant. The ideality factorh can be deter-
mined from the slope of the linear segment of the I-V curve plott
on semilogarithmic coordinates. Figure 6 shows the ideality fac
vs. annealing temperature for the NiSi/p1n junction diodes fabri-
cated with BF2

1 implantation at various energies to a dose of
3 1015 cm22. All ideality factors are below 1.06 for the sample

Table I. Junction depths „in unit of nanometers… of
NiSi „310 Å…Õp¿n junctions formed by ITS scheme with BF2

¿ im-
plantation at various energies to a dose of 53 1015 cmÀ2 fol-
lowed by a 30 min thermal annealing.

Annealing
temperature

Implantation energy~keV!

20 25 30 35

600°C 23 24 40 56
650°C 25 36 45 60
700°C 28 40 49 65
750°C 35 45 59 70

Figure 6. Forward ideality factorvs.annealing temperature for the NiSi/p1n
junction diodes fabricated with BF2

1 implantation at various energies to a
dose of 53 1015 cm22.
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annealed at and below a temperature of 750°C. The data in Fig
indicates that a 30 min low-temperature~600-700°C!annealing is
capable of incorporating sufficient amount of activated boron atom
in Si substrate as well as recovering the implantation damage
obtain a good NiSi/p1n shallow junction with an ideality factor
below 1.04.

Reverse bias current.—Figure 7 shows the reverse bias current den
sities (JR) vs. annealing temperature for the NiSi/p1n junction di-
odes with an area of 0.0121 cm2 (11003 1100mm) measured at a
reverse bias of25 V. TheJR is determined by directly dividing the
measured current by the diode’s area. Roughness of the silicide
interface in a shallow junction may lead to the formation of loca
ized Schottky contacts or the agglomeration-induced local silici
spiking, resulting in the increase of reverse bias current. For t
lower dose (23 1015 cm22) implanted samples,JR of less than 2
nA/cm2 was easily achieved for the samples fabricated with a BF2

1

implantation at 25-35 keV followed by a thermal annealing at 55
700°C. For the samples annealed at 750°C, the 25 and 30 keV
planted samples exhibited drastic increase in reverse bias leak
current, while the 35 keV implanted sample revealed only a slig
increase in leakage current. This increase in reverse bias leak
current is consistent with the behavior of the sample’s sheet res
tance (RS), which in turn is related to the extent of agglomeration o
the NiSi film. The agglomeration of the NiSi film induces roughnes
of the silicide/Si interface, leading to the penetration of silicid
through the shallow junction and thus the degradation of the jun
tion characteristics. The shallower the junction, the more suscepti
the junction to the silicide/Si interface roughness. Thus, theJR and
the thermal stability of the p1n junction fabricated with BF2

1 im-
plantation at 35 keV are better than those of the shallower junctio

Figure 7. Reverse bias current densityvs. annealing temperature for the
NiSi/p1n junction diodes fabricated with BF2

1 implantation at various ener-
gies to a dose of~a! 2 3 1015 and ~b! 5 3 1015 cm22.
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fabricated with BF2
1 implantation at 25 and 30 keV. With the annea

ing temperature raised to 800°C, all samples exhibited an e
higher reverse bias leakage current. This is attributed to the for
tion of NiSi2 silicide phase, the increased volume of which d
creased the distance between the silicide and the junction posi
leading to easier formation of localized Schottky contacts and t
the increase of reverse bias current. Moreover, since NiSi2 is formed
via a nucleation-controlled mechanism which induces a corruga
silicide/Si interface due to random nucleation on the original int
face, large reverse bias current can be easily induced for sha
silicided junction.35,39As for the NiSi/p1n samples fabricated with a
higher dose (53 1015 cm22) BF2

1 implantation, theJR of less than
2 nA/cm2 can be easily achieved with a postimplant thermal anne
ing at a temperature of 550-750°C. With a higher dose of B2

1

implantation, the p1n junction formed becomes deeper and a larg
amount of fluorine atoms is incorporated in the NiSi film, improvin
the thermal stability of the thin NiSi film.36,37 With the annealing
temperature raised to 800°C, formation of NiSi2 phase started to
occur, resulting in a drastic increase in reverse bias leakage cur
similar to those observed in the samples fabricated with a low
dose (23 1015 cm22) of BF2

1 implantation.

Activation energy measurement.—The temperature dependence
reverse bias junction current can provide insight into the junct
leakage mechanism. The temperature dependence of reverse cu
I R is given by

I R } T3 exp~2Ea/kT!

whereEa is the activation energy of the junction,k is the Boltzmann
constant, andT is the temperature at measurement. The value ofEa

is close to the bandgap of siliconEg when the reverse current is
dominated by the diffusion current and is close toEg/2 when the
reverse current is dominated by the generation current. Figur
shows the Arrhenius plots for the NiSi (310Å)/p1n samples fabri-
cated with various implantation and annealing conditions. The m
surement was conducted at 1 V reverse bias. The activation en
was found to be close to the silicon bandgap of 1.12 eV for
samples investigated. This result clearly indicates that the rev
current was dominated by the minority carrier diffusion current
temperatures from 40 to 200°C.

Figure 8. Arrhenius plots of the NiSi (310 Å)/p1n junctions fabricated by
BF2

1 implantation at 20 and 35 keV to a dose of 53 1015 cm22 followed by
650-750°C annealing for 30 min. The measurement was conducted at
reverse bias.
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Area and peripheral current.—The reverse bias leakage current (I R)
of a p1n junction consists of the reverse area leakage current (I RA)
and the reverse peripheral leakage current (I RP)

I R 5 I RA 1 I RP 5 A 3 JRA 1 P 3 JRP

whereA is the junction area,P is the length of junction perimeter,
JRA is the junction area leakage current density, andJRP is the junc-
tion peripheral leakage current density. A simple arrangement gi

JR8 5 JRA 1 JRP~P/A!

where J8R 5 I R /A. Thus, by measuring theI R of junctions with
different P/A ratio, the slope ofJR8 vs. P/A plot gives theJRP and
theY axis intersection gives theJRA . Figure 9 shows theJR8 vs. P/A
plot of the NiSi/p1n junctions fabricated with BF2

1 implantation at
20 keV to a dose of 53 1015 cm22 followed by thermal annealing
at a temperature from 550 to 750°C. It is found that theJRA de-
creases from 1.383 1029 to 6.573 10210 A/cm2 and theJRP in-
creases from 1.593 10211 to 4.283 10211 A/cm as the annealing
temperature was increased from 550 to 750°C. For the junction
ode with a size of 1100mm2 formed by annealing at 700°C, theJRA

is 0.79 nA/cm2 and theJRP is 46.6 pA/cm, and the correspondin
area and peripheral current are 9.5 and 20.5 pA, respectively. T
indicates that more than 68% of the total reverse current le
through the junction’s perimeter. For a smaller junction with an ar
of 120mm2, the peripheral component accounts for 95% of the to
reverse current, indicating the major role of the peripheral leaka
component. Presumably, most implanted defects were confi
within the silicide layer; thus, very few extended defects are loca
beyond the silicide layer and the impact of these defects is minim
on the junction leakage. The peripheral leakage is sensitive to
interfacial behavior of Si/SiO2 along the junction perimeter becaus
the junctions formed in this study are all surrounded by field oxid
It is notable that the distance from the silicide/Si interface to t
junction at the diode perimeter is much shorter than that at the di
bottom area after the postimplant thermal annealing. Moreover,
mechanical stress-induced defects along the diode perimeter is
sumed to cause a higher peripheral leakage.40 Thus, the junction
characteristics are very sensitive to the silicide/Si interface prope
and the reverse junction current is dominated by the silicide-indu
current along the periphery. Figure 10 illustrates a typical I-V ch
acteristic for the NiSi/p1n junction fabricated by BF2

1 implantation
at 35 keV to a dose of 53 1015 cm22 followed by a 700°C thermal
annealing for 30 min. It is clear that NiSi can serve as an effect

V

Figure 9. TheJR8 vs. P/A plot of the NiSi/p1n junctions fabricated with BF2
1

implantation at 20 keV to a dose of 53 1015 cm22 followed by annealing at
550-750°C.
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diffusion source for boron diffusion during the low-temperatur
thermal annealing, resulting in the formation of NiSi/p1n shallow
junction with excellent electrical characteristics.

Conclusion

This work investigates the material properties of the NiSi film
and the electrical characteristics of the NiSi contacted p1n shallow
junctions fabricated using BF2

1 implantation into/through thin NiSi
silicide layer~ITS technology!followed by low-temperature furnace
annealing. The NiSi film agglomerates following a thermal annea
ing at 600°C and may result in the formation of discontinuous i
lands at a higher temperature. The incorporation of fluorine atoms
the NiSi film can retard the formation of film agglomeration an
thus improve the film’s thermal stability. For the sample with a BF2

1

implantation dose of 53 1015 cm22, which is the highly doped
sample studied in this work, the NiSi film is able to remain stable
temperatures up to 750°C. It is found that a larger amount of flu
rine incorporation would result in a higher thermal stability temper
ture. Upon annealing at 800°C, however, the film agglomeration
relieved to some extent and localized sinking on the surface of N
silicide is observed, presumably due to the formation of NiSi2 phase.
The junction depth of the NiSi/p1n junction diodes fabricated in this
work ranges from 23 to 70 nm measured from the NiSi/Si interfac
The activation energy measurements indicate that the reverse
currents of the NiSi/p1n junctions studied in this work are all domi-
nated by the diffusion current. The reverse bias current is compo
of the area current and the peripheral current components. For
diode’s size of 120mm2 or smaller, more than 95% of the total
reverse current would be contributed by the peripheral current. T
reverse bias current density of 1 nA/cm2 can be easily achieved for
the NiSi/p1n junctions studied in this work. To be more specific, th
NiSi/p1n junction fabricated with a 35 keV BF2

1 implantation to a
dose of 53 1015 cm22 followed by a 30 min thermal annealing at
650°C has a forward ideality factor of 1.02, a reverse bias curre
density~at 25 V! of less than 1 nA/cm2, and a junction depth of 60
nm.
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