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NiSi-silicided p'n shallow junctions are fabricated using BRnplantation into/through thin NiSi silicide laygimplant-through-

silicide technology followed by low-temperature furnace annealifigpm 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 incorporation
of fluorine atoms in the NiSi film can retard the formation of film agglomeration and thus improving the film’s thermal stability.
The forward ideality factor of about 1.02 and the reverse current density of about 1 hA&fmbe attained for the NiSi

(310 A)/p"n junctions fabricated by BF implantation at 35 keV to a dose of 8 10'° cm ™2 followed by a 650°C thermal
annealing; the junction formed is about 60 nm measured from the NiSi/Si interface. Activation energy measurement indicates that
the reverse bias junction currents are dominated by the diffusion current, indicating that most of the implanted damages can be
recovered after annealing at a temperature as low as 650°C.
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Metal silicides have been extensively used in submicron deviceslso shows neither adverse linewidth dependence nor creep-up
for lowering the series and contact resistance of source/drain anghenomenof>2” In addition, NiSi has a lower formation tempera-
polysilicon gate. Moreover, with the continuing scaling of device ture (~400°C) than TiSp and CoSj, making it suitable for the
dimension into the deep submicrometer regime, the silicide-as{ow-temperature process required for future device fabrication. The
diffusion source(SADS) process has been proposed for the forma- further advantage of NiSi relies on its smaller consumption of Si
tion of silicide-contacted shallow junctions. In this process, silicide- (0.82 A Si for 1 A NiSi) compared to Co$i(1.04 A Si for 1 A
contacted shallow junctions are formed by implanting dopants intoCoSj,),?% which enables a shallow junction depth formation at the
the silicide layer followed by low-temperature annealing; thus, the metal/Si contact. Besides, NiSi has the properties of low NiSi/Si
process is also designated as implant-into/through-sili¢ids) contact resistanc®:?° wide process window400-750°C), and low
technology. Shallow junction formation, low-temperature process-film stress22 These peculiarities make NiSi suitable for usage in
ing, and low contact resistance are the major advantages of thehe low-temperature process for sub-100 nm CMOS techn&ﬂygy,
SADS process.’ In this work, formation of NiSi-silicided pn shallow junction

Among the metal silicides, titanium disilicide (Ti$iand cobalt  using ITS technology is investigated with respect to various implan-
disilicide (CoSj) are now widely used in salicide processes acrosstation energies and doses. Feasibility of low-temperature processing
the industry because of their good thermal stability and low electri-and high-temperature stability of the NiSifp junction are evalu-
cal resistivity. However, some critical drawbacks limit their applica- ated by analyzing the electrical characteristics and material proper-
tions to future ultralarge-scale integrat@dLSl) technology. It has ties of the silicided junction. Effects of implantation conditions on
been reported that Ti may react with implanted dopant to form com-the junction characteristics and high-temperature stability of the
pounds such as Ti-B and Ti-As, making TiS very ineffective  NiSi films are also investigated.
diffusion source for boron or arserfi¢. Moreover, the processing
temperature window of Tigiis relatively narrow due to the high- Experimental
temperature requirement for the high-resistivity C49 to low-
resistivity C54 phase transitiof=800°C) and the silicide agglom-
eration temperature limi{t~950°C)° More importantly, incomplete
transformation from C49 to C54 Tigphase occurs when the line-
width is scaled down below g@m because of the lack of nucleation
center in the narrow lines, especially the triple-C49 grain . S ; -
boundaried™™ In addition, the cregp-up );/)henomer?on during the _by wet etching. A Ni film of 15_0 A thickness was sputter deposited
formation of TiS silicide may form a bridge between the gate and '" & 980 sputtering system with a base pressure of less than 2.5
source/drain regions in submicrometer devices, causing device 10_3 Torr, using a Ni target in Ar ambient at a pressure of 2
failure 1® Unlike TiSi,, CoSj, has neither adverse linewidth depen- < 10~ Torr with a deposition rate of about 10 Als. After the Ni
dence nor creep-up phenomenon. However, high Si consumptiofiim deposition, the samples were rapid thermal anne¢Rd) at
during the formation of CoSisilicide is a major drawback for the 500°C for 30 s in a llambient to form NiSi. The unreacted Ni film
submicrometer process. This restricts the vertical scaling for £oSi Was s:alectlvely etched using a solution 0fS®;:H,0, = 3:1 at
to achieve shallow junctiotf Moreover, junction spiking of CoSi 75.'85 C. The forme.d NiSi film was about 310 A thlck.as deter-
contacted shallow junction due to sensitivity to native oxide, and the”l'”e_d by transmission electron microscofifEM) analysis. The
oxygen-containing environment needs a more complex silicidationP N junction diodes were formed by BRmplantation into/through
process, such as capping a passivation film during silicidafidh.  the NiSi silicide at an energy of 20-35 keV to a dose 0k210" or

Recently, nickel monosilicidéNiSi) has been recognized as a 5 X 10" cm 2, followed by thermal annealing at a temperature
promising candidate for a contact metal for deep submicrometeranging from 550 to 800°C in a Nambient for 30 min. Finally, a
device application§>?***NiSi has a low electrical resistivity of 5000 A thick Al layer was deposited on the back side of Si substrate
14-20 .m cm, which is comparable to those of Ti%ind CoSj; it for all samples for a better contact in electrical measurements.

The thickness of the as-deposited Ni film and the formed NiSi
film were determined with chemical delineation and TEM observa-

* Electrochemical Society Active Member. tion. Sheet resistance was measured by four-point probe on the un-
2 E-mail: wangchauchiung.ee88g@nctu.edu.tw patterned area. The'p junction depth was determined by spreading

The NiSi/p'n junction diodes were fabricated on n-ty(00)-
oriented silicon wafers with 2.7-) cm nominal resistivity. After
standard RCA cleaning, 5500 A thick Si@as thermally grown by
pyrogenic oxidation at 1050°C. Active regions with areas of 1100,
580, 270, and 12Q.m? were defined by photolithography followed
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NiSi/p™n junction diodes were measured by a semiconductor param-
eter analyzer HP-4145B. The open-circuit leakage current of the Temperature (°C)

measuring system was kept below 0.5 pA. The forward bias from O

to 1V at a step of 0.01 V and the reverse bias from 8-®V at a Figure 2. Sheet resistances. annealing temperature for NiSiL0 A)/Si
step of 0.05 V were used for the I-V characteristics measurementsamples implanted with BFat various energies to a dose (@f 2 x 10"
Temperature dependence of the reverse junction current was me&nd(b) 5 X 10" cm™2. The sample without ion implantation is designated
sured from room temperature to 200°C on a thermal vacuum chunk@s control sample.

Results and Discussion

~ Transport of ions in matter simulatior-Before making the BF  pjantation are also included for comparison. TRgof the control
|mp|antat|0n, the aS'|mp|anted dOpant distributions in NiSi film and Sample starts to ShOW drastic increase after annealing at tempera_
Si substrate were predicted by transport of ions in maff&IM) tures above 600°C. This increase RE was apparently due to the
simulation. For B ion implantation, the BF ions are believed to  formation of islands at high temperatures, resulting in discontinuous
be dissociated upon their first atomic scattering. Therefore, the bostructure of the NiSi film, as confirmed by the SEM micrographs to
ron energy is obtained by multiplying the BRenergy by the mass  be shown later. Th&g of the BF;-implanted samples decreased
ratio of B" to BF;, , which is 11/49. In this work, boron ions are to slightly with increasing temperature up to 700°C. For the sample
be implanted into a sample which is composed of a 310 A thick NiSi implanted with a lower dose of X 10'® cm ™2, annealing at 750°C

film and an underlying Si substrate. Figure 1 shows the as-implanteglesulted in NiSi film agglomeration and thus the increaseRgf
boron profiles obtained by TRIM simulation for BFmplantation at  while the sample implanted with a higher dose 0f510' cm2
various energies to a dose of>5 10'® cm 2. For the 20 keV im-  was able to remain stable at temperatures up to 750°C. The corre-
plantation, nearly all implanted boron ions are located inside thesponding electrical resistivity of the NiSi film is about &) cm,
silicide layer. In this case, the silicide film serves as a diffusion which is in agreement with the value reported in the literatfifehe
source of boron for the fm junction formation during the subse- different behavior ofRg value vs. annealing temperature for the
quent thermal annealing process. Boron in the silicide layer has taample with and without BFimplantation is attributed to the incor-
diffuse into the silicon substrate and become electrically active toporation of fluorine in the NiSi filn?>3” Moreover, a larger amount
form a good junction. Because boron can be electrically activated abf fluorine retarded the NiSi film agglomeration to a higher tempera-
a temperature as low as 550%€using NiSi as a boron diffusion  ture. Figure 3 shows the secondary ion counts of fluorine profiles in
source is possible at low processing temperature provided that ghe sample of NiS{310 A)/Si implanted with BE at 35 keV to a
sufficient amount of boron atoms are diffused into the Si substrateyoqe of 2% 10 as well as 5x 10 cm2 followed by 750°C

For the 25, 30, and 35 keV implantations to a dose of 5 thermal annealing. The fluorine concentration in the NiSi film and at

X 10% cm?, the boron concentrations at the NiSi/Si interface are the NiSi/Si interface is much higher for the higher dose

all higher than 1> 10° cm?, while all projection ranges are kept B .implanted samples. The slightly higher value R after an-

within the silicide. These interface boron concentrations are highnealing at 800°C is attributed to the formation of Niphase.

enough to form a good silicided*p junction provided that suffi-

cient amount of dopants are electrically activated and most of the SEM analysis.—Figure 4 shows the surface morphology of the

implantation damage can be annealed out. NiSi (310 A/Si) control sample annealed at various temperatures.

) ) ] Film agglomeration occurred at temperatures as low as 600°C, and

Sheet resistance.—Figure 2 shows the sheet resistéti¢ea¢ a  the NiSi film was turned into isolated islands after annealing at and

function of annealing temperature for the Bfnplanted NiSi(310  above 700°C, resulting in a drastic increase in the measured sheet

A)ISi samplesRg data for the control sample without any ion im- resistanceFig. 2). Figure 5 shows the surface morphology of the
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Figure 3. Secondary ion counts of fluorine ions in the sample of N&3i0
A)/Si implanted with BE at 35 keV to a dose of X 10'° as well as 5
X 10 cm 2 followed by 750°C thermal annealing.

BF5 (35 keV)implanted NiSi(310 A)/Si samples annealed at vari-
ous temperatures. For the lower dose>210" cm™?) implanted
sample, the NiSi film remained smooth after annealing at 700°C, but
some minor agglomeration of NiSi film was observed after anneal-
ing at 750°C, which might cause NiSi/Si interface roughness and
degrade the NiSi/pn shallow junction characteristics. For the
higher dose (5< 10" cm™?2) implanted samples, the NiSi film re-  Figure 5. Top-view SEM micrographs showing the surface morphology of
mained stable at temperatures up to 750°C. Similar results wer@r; (35 keV)implanted NiSi(310 A)/Si samples annealed @) 700, (b)
observed for the samples implanted with ;B&t lower energies of 750, and(c) 800°C. The micrographs of the low-dose ¥ 10'° cm™2) and

25 and 30 keV. Apparently, incorporation of fluorine in NiSi film in  high-dose (5x 10" cm™?) implanted samples are shown on the left and

a larger amount promoted the retardation of the NiSi film agglom-right columns, respectively.

eration. We presume that the segregation of the implanted fluorine

species at the NiSi grain boundaries resulted in the change of grain

boundary energy and interfacial energy, leading to retardation of thelanted samples, and the degree of film agglomeration was relieved
film agglomeration. After annealing at 800°C, localized sinking wasto some extent. Because NjSphase was found to appear after
observed on the silicide surface of both low- and high-dose im-annealing at 800°CX-ray diffraction (XRD) result not shownand

it consumes more Si (Ni:Si:NiSi= 1 A:3.65 A:3.63 A) than the
formation of NiSi phase (Ni:Si:NiSE 1 A:183 A:2.34 A)?® the
localized newly formed NiSisurface would sink. Thus, we presume
that the formation of NiSirelaxed the agglomeration of silicide film
and was able to maintain the continuity of the silicide film. We may
conclude that the BFimplantation improves the thermal stability of
NiSi film as confirmed by the film's sheet resistance behavior and
the smoother surface morphology.

Junction depth measurementSRP 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 capped
with a 3000 A plasma-enhanced chemical vapor depo§RECVD)
oxide and then were polished to a small beveling angle of 17° for
better resolution. Table | lists the junction depths measured from the
silicide/silicon interface for the NiSi/mm samples studied in this
work. For the sample processed with BFnplantation at 20 keV,
the junction depth was determined to be about 25 nm after a
650°C/30 min thermal annealing. Since nearly all implanted boron
ions are confined in the silicide film for the BRmplantation at 20
: y E keV, the junction must be formed by the diffusion of boron from the
A2 0cSEM 8 g 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 fifii® The enhancement in dif-

NiSi (310 A)/Si control sample annealed(at 600, (b) 700, (c) 750, and(d) the implantation at higher energie2s, 30, and 35 keV), the implan-
800°C. tation damage in silicon may also play a role for boron diffusion,
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Table I. Junction depths (in unit of nanometers) of
NiSi (310 Ay p*n junctions formed by ITS scheme with BF} im-

10°

10°
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E (a)

lantation at various energies to a dose of 5 10 cm™2 fol- — r . s a2
I%wed by a 30 min thermalgannealing. 5 10* r Implantation dose: 2x 10" cm
) Implantation energykeV) g’ ] f —— k¥ ¢
Annealing £ 10'F e 30keV ol
temperature 20 25 30 35 g , E v 35KeV A //
600°C 23 24 40 56 =} 7 » /
650°C 25 36 45 60 § 10° | / /
700°C 28 40 49 65 = e A S /
750°C 35 45 59 70 O 'k x,,\——\”'\’_///.ggt/——/ v
10-10 1 1 1 " 1 i 1 A 1
resulting in deeper junctions. Higher implantation energy and higher 50 600 630 700 70 800
annealing temperature resulted in an even deeper junction. . Temperature ("C)
Electrical characteristics—The electrical properties of the sili- . E (b)
cide contacted pn shallow junction diodes fabricated by the ITS 10* |-
. . . 15 -2
scheme are dependent on a number of factors, including the dopar“g F Implantation dose: 5x 10 "em
activation level, implantation damage recovery, silicide/silicon inter- i 10°f
face roughness, and the distance between the silicide/silicon inter & F —=—20keV
face to the junction position. All of these are closely related to the & 10°F 4 25KeV
energy and dosage of the dopant ion implantation as well as the & i o 30keV
dopant activation ability and the drive-in diffusion during the sub- & 107 %
sequent annealing process; this is especially important for the cas & [ — Y 35keV ’
of low-thermal-budget and low-energy implantation for the ITS £ 10°F /
scheme. All measurements were performed at room temperature 5 JE o
and each data point was obtained by averaging the data measure AR § .*‘\' =

from six randomly chosen samples.

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

I = IdexpqVmkT) — 1]

wherel g is the reverse saturation curreqtis the electronic charge,
k is the Boltzmann constant, aridis the temperature at measure-

ment. An ideality factor of unity indicates that diffusion current
predominates while a factor of two indicates that depletion recom-

bination current is dominant. The ideality factgrcan be deter-

mined from the slope of the linear segment of the I-V curve plotted
on semilogarithmic coordinates. Figure 6 shows the ideality factor.

vs. annealing temperature for the NiSitp junction diodes fabri-

cated with BF implantation at various energies to a dose of 5

X 10' cm™2. All ideality factors are below 1.06 for the samples
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Figure 6. Forward ideality factows.annealing temperature for the NiSitp
junction diodes fabricated with BFimplantation at various energies to a
dose of 5x 10" cm 2.
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Figure 7. Reverse bias current densitis. annealing temperature for the
NiSi/p*n junction diodes fabricated with BFimplantation at various ener-
gies to a dose ofa) 2 X 10" and(b) 5 X 10'° cm 2.

annealed at and below a temperature of 750°C. The data in Fig. 6
indicates that a 30 min low-temperatui@)0-700°C)annealing is
capable of incorporating sufficient amount of activated boron atoms
in Si substrate as well as recovering the implantation damage to
obtain a good NiSi/pn shallow junction with an ideality factor
below 1.04.

Reverse bias currert-Figure 7 shows the reverse bias current den-
sities (Jg) Vvs. annealing temperature for the NiSifp junction di-
odes with an area of 0.0121 érf1100 X 1100p.m) measured at a
reverse bias of-5 V. The Jy is determined by directly dividing the
measured current by the diode’s area. Roughness of the silicide/Si
interface in a shallow junction may lead to the formation of local-
ized Schottky contacts or the agglomeration-induced local silicide
spiking, resulting in the increase of reverse bias current. For the
lower dose (2x 10'° cm™?) implanted samples]y of less than 2
nA/cn? was easily achieved for the samples fabricated with a BF
implantation at 25-35 keV followed by a thermal annealing at 550-
700°C. For the samples annealed at 750°C, the 25 and 30 keV im-
planted samples exhibited drastic increase in reverse bias leakage
current, while the 35 keV implanted sample revealed only a slight
increase in leakage current. This increase in reverse bias leakage
current is consistent with the behavior of the sample’s sheet resis-
tance Rg), which in turn is related to the extent of agglomeration of
the NiSi film. The agglomeration of the NiSi film induces roughness
of the silicide/Si interface, leading to the penetration of silicide
through the shallow junction and thus the degradation of the junc-
tion characteristics. The shallower the junction, the more susceptible
the junction to the silicide/Si interface roughness. Thus,Jhand

the thermal stability of the fn junction fabricated with BF im-
plantation at 35 keV are better than those of the shallower junctions
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Figure 9. TheJj vs. P'A plot of the NiSi/p'n junctions fabricated with BF
1000/T (K'I) implantation at 20 keV to a dose of§ 10" cm ™2 followed by annealing at
550-750°C.

Figure 8. Arrhenius plots of the NiSi (310 A)/m junctions fabricated by
BF; implantation at 20 and 35 keV to a dose 05610 cm™2 followed by
650-750°C annealing for 30 min. The measurement was conducted at 1

\V/ . .
reverse bias. Area and peripheral current—The reverse bias leakage currehf)(

of a p'n junction consists of the reverse area leakage curign) (
and the reverse peripheral leakage currépg)(

fabricated with B implantation at 25 and 30 keV. With the anneal- IR =lra + Irp = A X Jga + P X Jp
ing temperature raised to 800°C, all samples exhibited an even
higher reverse bias leakage current. This is attributed to the formawhereA is the junction areaP is the length of junction perimeter,
tion of NiSi, silicide phase, the increased volume of which de- Jra iS the junction area leakage current density, agglis the junc-
creased the distance between the silicide and the junction positiorfion peripheral leakage current density. A simple arrangement gives
leading to easier formation of localized Schottky contacts and thus , /
the increase of reverse bias current. Moreover, since,NéSormed Jr = Jra + Jre(P/A)
via a nucleation-controlled mechanism which induces a corrugated , . . . )
silicide/Si interface due to random nucleation on the original inter- WhereJ'R = Ig/A. Thus, by measuring thi; of junctions with
face, large reverse bias current can be easily induced for shallovdifferent P/A ratio, the slope ol vs. P/A plot gives theJgp and
silicided junction®>2°As for the NiSi/p'n samples fabricated with a  theY axis intersection gives this, . Figure 9 shows thég vs. A
higher dose (5x 10" cm™2) BF; implantation, thelg of less than  plot of the NiSi/p'n junctions fabricated with BF implantation at
2 nAlcnt can be easily achieved with a postimplant thermal anneal-20 keV to a dose of 5< 10* cm™ followed by thermal annealing
ing at a temperature of 550-750°C. With a higher dose of BF at a temperature from 550 to 750°C. It is found that fhg de-
implantation, the pn junction formed becomes deeper and a larger creases from 1.3& 1079 to 6.57x 10 ° A/lem? and theJgp in-
amount of fluorine atoms is incorporated in the NiSi film, improving creases from 1.5& 10 ! to 4.28x 10 ! A/cm as the annealing
the thermal stability of the thin NiSi film®3” With the annealing  temperature was increased from 550 to 750°C. For the junction di-
temperature raised to 800°C, formation of Nighase started to  ode with a size of 110Q.m? formed by annealing at 700°C, thg,
occur, resulting in a drastic increase in reverse bias leakage currenis 0.79 nAlcn? and thedgp is 46.6 pA/cm, and the corresponding
similar to those observed in the samples fabricated with a lowerarea and peripheral current are 9.5 and 20.5 pA, respectively. This
dose (2x 10% cm™2) of BF, implantation. indicates that more than 68% of the total reverse current leaks
L through the junction’s perimeter. For a smaller junction with an area
Activation energy measuremeniThe temperature dependence of 4t 150,,m? the peripheral component accounts for 95% of the total
reverse bias junction current can provide insight into the junction gyerse current, indicating the major role of the peripheral leakage
Iea_kag_e mechanism. The temperature dependence of reverse CU”‘?!Hmponent. Presumably, most implanted defects were confined
Ir is given by within the silicide layer; thus, very few extended defects are located
3 beyond the silicide layer and the impact of these defects is minimal
Ir o T exp( —Ea/kT) on the junction leakage. The peripheral leakage is sensitive to the
interfacial behavior of Si/Si@along the junction perimeter because
whereE, is the activation energy of the junctiokjs the Boltzmann  the junctions formed in this study are all surrounded by field oxide.
constant, and is the temperature at measurement. The valug,of It is notable that the distance from the silicide/Si interface to the
is close to the bandgap of silicdf; when the reverse current is junction at the diode perimeter is much shorter than that at the diode
dominated by the diffusion current and is closeBg2 when the bottom area after the postimplant thermal annealing. Moreover, the
reverse current is dominated by the generation current. Figure 8nechanical stress-induced defects along the diode perimeter is pre-
shows the Arrhenius plots for the NiSi (380/p*n samples fabri- Sumed to cause a higher peripheral leakKdgghus, the junction
cated with various implantation and annealing conditions. The meacharacteristics are very sensitive to the silicide/Si interface property
surement was conducted at 1 V reverse bias. The activation energgnd the reverse junction current is dominated by the silicide-induced
was found to be close to the silicon bandgap of 1.12 eV for all current along the periphery. Figure 10 illustrates a typical I-V char-
samples investigated. This result clearly indicates that the reversacteristic for the NiSi/pn junction fabricated by BF implantation
current was dominated by the minority carrier diffusion current at at 35 keV to a dose of 5 10'° cm 2 followed by a 700°C thermal
temperatures from 40 to 200°C. annealing for 30 min. It is clear that NiSi can serve as an effective
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Figure 10. Typical I-V characteristic for the NiSi/in junction fabricated 12.
with BF; implantation at 35 keV to a dose of:8 10" cm™2 followed by a
30 min thermal annealing at 700°C. 1[31
15

diffusion source for boron diffusion during the low-temperature
thermal annealing, resulting in the formation of NiSifpshallow
junction with excellent electrical characteristics.

18.

Conclusion

This work investigates the material properties of the NiSi film 19.

and the electrical characteristics of the NiSi contactéd phallow
junctions fabricated using BFimplantation into/through thin NiSi
silicide layer(ITS technologyyollowed by low-temperature furnace

annealing. The NiSi film agglomerates following a thermal anneal-21.

ing at 600°C and may result in the formation of discontinuous is-
lands at a higher temperature. The incorporation of fluorine atoms in,,
the NiSi film can retard the formation of film agglomeration and
thus improve the film’s thermal stability. For the sample with & BF
implantation dose of 5< 10' cm 2, which is the highly doped

sample studied in this work, the NiSi film is able to remain stable at,,

temperatures up to 750°C. It is found that a larger amount of fluo-
rine incorporation would result in a higher thermal stability tempera-

ture. Upon annealing at 800°C, however, the film agglomeration is2>
relieved to some extent and localized sinking on the surface of Ni-,¢

silicide is observed, presumably due to the formation of Nihiase.
The junction depth of the NiSi/n junction diodes fabricated in this
work ranges from 23 to 70 nm measured from the NiSi/Si interface.

The activation energy measurements indicate that the reverse biag

currents of the NiSi/pn junctions studied in this work are all domi-

nated by the diffusion current. The reverse bias current is composedo.

of the area current and the peripheral current components. For thg1
diode’s size of 120me2 or smaller, more than 95% of the total
reverse current would be contributed by the peripheral current. The
reverse bias current density of 1 nA/Zcan be easily achieved for
the NiSi/p"n junctions studied in this work. To be more specific, the
NiSi/p*n junction fabricated with a 35 keV BFimplantation to a

density(at —5 V) of less than 1 nA/cf) and a junction depth of 60
nm.
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