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Improvement of Junction Leakage by Using a Zr Cap Layer
on a 30 nm Ultrashallow Nickel-Silicide Junction
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This paper investigates the effects of Zr capping on nickel silicidelgh ishallow junctions. Although nickel silicide possesses

many benefits compared with titanium and cobalt silicide, some potential problems still need to be addressed for ultrashallow
junction applications. In this work, a Zr protective cap is used to preserve the silicide from oxygen contamination and to suppress
the increase of junction leakage during the silicidation process. Due to the suppressed leakage current and the appropriate series
resistence, formation of a 30 nm ultrashallow junction can be accomplished.

© 2005 The Electrochemical Society.DOI: 10.1149/1.1851052All rights reserved.

Manuscript submitted February 20, 2004; revised manuscript received June 2, 2004. Available electronically January 12, 2005.

As metal oxide semiconductor field effect transistiOSFET) the p-type(100) oriented Si wafer with 3-%) cm at 1050°C for 1 h.
scaling continues to achieve a dense and high speed integrated ciAfter isolation oxide formation, the active regions were defined by
cuit, formation of an ultrashallow junction is essential for device photolithography and etched by buffer oxide etctBDE) solution.
performance and suppression of short channel effé8GE)? Subsequently, an RCA clean was performed for eliminating the con-
Along with the shrinkage of device dimensions, the contact resis-tamination. Then, the PHplasma immersion was used to form an
tance of source and drain is increased correspondingly. Moreover*/p junction with RF power of 50 W for 5 min. After plasma
such resistance deterioration is also encountered in local intercorimmersion, rapid thermal annealif&TA) was carried out on the
nects. As a result, the technique of metal silicides for poly gate andiormed n/p junctions for 30 s at 950°C in nitrogen ambient. Then,
Source/dl’ain has been deVelOped to I’educe theil’ contact resistan% Samp|es were |Oaded into a dual e|ectr0n_beam evaporation Sys_
and the parasitic junction resistance as \idt. nanometer MOS-  tem following a dilute HF dip. A 10 nm thick nickel film was first
FET fabrication, a silicidation process incorporation compatible geposited onto p junctions at a base pressure of1107° Torr
with the presence of shallow junctions is indispensable. Thereforeyith a deposition rate of 1 A/s, and immediately a titanium and
how to fo_rm a shallow silicideq_junction without increasing junction zirconium film of about 5 nm was sputtered as a capping layer onto
leakage is considered as a critical module for the nanoscale complépe nickel layer. After metal deposition, the silicidation procedure
mentary metal oxide sem_lconduct(iSMOSs).” _ _ ~was carried out by the rapid thermal process, and the annealing

Currently, the most widely used metal silicides include iSi  temperature was varied from 550 to 850°C ip &mbient. In order
CoSh, and NiSi. For TiSj, even though it possesses good thermal g integrate into the ultrashallow junction formation, the silicidation
stability, high silicidation temperature is still required for the phase time is shortened to be 10 s. Then, the unreacted metal was removed
transformation (from a high-resistivity C49 phase to a low- py wet etching. Before final metallization, a thin TaN of about 25

resistivity C54 phase thus limiting its use with an ultrashallow nm was deposited as a barrier layer. Eventually, aluminum was used
junction.” However, as the line-width below 350 nm, the phase for photh the front and back side electrode.

transformation from C49 to C54 phase becomes harder because the Taple | shows four different groups of samples that were fabri-
enlarged silicide grain size is restrict!t:” Beyond the 0.35um  cated in this experiment. As the reference, nonsilicided samples are
te_chnology node, titanium is replaced by cobal_t_due to its less _"“e‘simple n/p junctions only. The other samples are nickel silicide
width effect. However, the large amount of silicon consumption, junctions. Among those silicide samples, noncapped NiSi samples
rough CoSj/Si interface, and local s3piking of junctions will lead to

the increase of junction leakag&'® For ultrashallow junction,

nickel silicide consumes fewer silicon atoms than cobalt silicide and

is believed to be a potential candidate for future silicide technolo-

gies. In addition, its relatively small film stress is another mrit. (a)

Although nickel silicide possesses lower resistivity, lower silicon
consumption, only one annealing step, and negligible degradation ol
narrow linewidth, its poor thermal stability must be improved in

CMOS process applicatioft:*6>4Recent studies of nickel silicide [ 1 [ ] 5 [ L
have shown that the formation of NiSi is extremely sensitive to 1 ) L= |
interfacial native oxide on a silicon surface or oxygen contamination F81(100) PSi (100)
during the silicidation proces8:*-2°In our previous work, it was ) ] )
found that the silicide depth can be well controlled by a Zr capping Active region formation Ni and a capping layer
layer on nickel silicides, and at the same time a smooth interface deposition
between silicides and silicon substrate can be maintghatbre-
over, thermal stability is dramatically improved by Zr capping. In PH; plasma immersion
this work, we compare the effect of this Zr cap with the behavior of ul v ,ﬂ
a conventional Ti cap layer in terms of the leakage characteristics o
ultrashallow nickel-slilicide junction. 2 Pisi100)
Experimental

Figure 1 shows the process flow for the fabrication of thiépn ~ Plasma : RF S0W, Smins TaN as a barrier layer + Al pad
silicided junction in our experiment. Following a standard RCA
cleaning process, a 500 nm thick field oxide was thermally grown on (b)

Figure 1. (a) The simple process flow of‘ip junction formation.(b) The
2 E-mail: tsunglinlee.ee87g@nctu.edu.tw schematics of Wp junction fabrication.

Downloaded on 2014-04-26 to IP 140.113.38.11 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

Journal of The Electrochemical Socigtys2 (2) G158-G162(2005) G159

Table I. n*/p junction formation by PH ; plasma immersion with 1020
and without nickel silicide in different capping conditions. The
nickel and the capping layer are about 10 and 5 nm, respectively.

——Phosphorus

Nonsilicide Noncapped Ti capped on Zr capped on

Structure samples  NiSi samples NiSi samples NiSi samples E 1019
Doping to PH; plasma immersion: RF 50 W, 5 min

junction

Silicide Nickel: 10 nm

metal

Capping titanium zirconium 1013 !
metal 5nm 5nm 3

and Ti capped on NiSi samples are designed for comparison. Alsc

the experimental samples are capped by Zr. 10" L

Concentration (Atom/cm

Results and Discussion

Sheet resistance and SIMS analysis for PHlasma L
junction.—Sheet resistances of all samples were examined with ¢ 1 o o o
four-point probe. Figure 2 shows the sheet resistance gfffdéma 0 0 0.1 0.2 0.3 0.4
immersion junction with different activation conditions. In order to ' ' ' '
form low-resistivity junctions, the control sample was activated with Depth (um)

RTA condition of 950°C for 30 s. Figure 3 shows the secondary ion 30nm

mass spectroscopBIMS) result of the phosphorus profile of RH ) ) o )

plasma doping junction after the activation condition of 950°C for Figure 3. SIMS profile of n /p junction by PH plasma doping. The dopant
30 s. From this plot, a shallow'ip junction formation of about 30 activation condition is 950°C for 30 s.

nm depth can be demonstrated.

The sheet resistances of those nickel silicided junction are dis- L . . .
played in Fig. 4. From Fig. 4, the degradation in shjeet resistance of eVerse bias junctlon_le_akage characteristietn add_mon,_ thg
noncapped nickel silicide samples may be due to agglomeration anguTrent-voltage characteristics of the Pplasma-doped junction is
phase transformation from NiSi to NiSat the high annealing tem-  SNOWn in Fig. 5, and the junction area size is about 1800000
perature as reported in Ref. 9 and 23. However, Ti capped and ZI™" The reverse leakage current of the silicided junctions were
capped the NiSi samples are improved in their sheet resistance dy@easured using a Hewlett-Packard 4156 semiconductor parameter
to the capping layer, which can suppress the oxidation of Smcideanalyz_e_r. In thls_flgur_e, the-V characterlsths of nickel silicide and
films during the RTA proces¥:'62°Especially for Zr capped NiSi  nonsilicide /p junctions are compared. Figure 6 shows the cumu-
samples, the sheet resistance degradation can be obviously sufitive leakage current distribution of all junction samples. From

pressed compared with other cases even after the annealing tempet§ese two plots, the samples with a Zr cap layer with a silicidation
ture reached 850°C. condition of 650°C have the smallest leakage current in all silicided

n*/p junctions. Figure 7 is a group of Weibull plots illustrated with
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Figure 2. Sheet resistances. the annealing temperature for Plplasma Figure 4. Sheet resistances. the silicidation condition for Ni/Si, Ti/Ni/Si,
junction. and Zr/Ni/Si nickel silicide system@s indicated in the figuje
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Figure 7. Cumulative leakage current distribution for different silicidation
conditions and silicide-structurega, top) Cumulative leakage distribution
for a simple nickel silicided junction with the annealing temperature varied
from 550 to 850°C(b, center)The Weibull plot of leakage current density
Figure 6. Weibull plots of the leakage current of all nickel silicide samples for nickel silicided junction with Ti capping after being annealed from 550 to
at silicidation temperatures of 650 and 850°C respectively. The size of theg50°C.(c, bottom)Samples with a Zr capping layer annealed ranging from
550 to 850°C.
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Figure 9. Reverse junctioifa) area leakage an) periphery leakages.the
4z RTA temperature for all nickel silicide samples in different capping condi-
0% 200 400 600 800 1000 tons.
P/A (cm™)
Figure 8. Comparison of reverse junction leakage current densitgeriph- Iy =1t lp=J(A) = J(A) + J(P) [1]
ery to area ratio /A ratio) for (a, top)noncapped NiSi sample&, center)
Ti-capped on NiSi samplegg, bottom)Zr-capped on NiSi samples. J=Ja+t er( P/A) [2]

Those two components of leakage current can be separated by Eq.
222 Figure 8a-c are plots of the leakage current densityhe ratio
Effects of Zr capping on junction periphery and area leakage of junction periphery(P) and aredA) for all silicided samples. The
characteristics.—lIt is well known that the leakage currehy (n slope stands for the junction periphery leakage density, while the
p-n junction is composed of two major components including junc- intersection withy axis represents the junction area leakage density.
tion area leakagel ;) and junction periphery leakagé, ). That is The smallest periphery and area leakage could be observed at the
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annealing temperature of 650°C in all three groups. Effects of cap- 4.
ping conditions on junction leakage from periphery and area are also®:

shown in Fig. 9. The samples with a capping structure can remain at

the level low leakage even after a high RTA temperature. The values;

of J, andJ;, have been shown in Fig. 9a and b as a functiofT of

and the cap type to illustrate that junction leakage from the area and8

periphery can be reduced by using a Zr cap.

Conclusions

In summary, nickel silicide with a cap layer can achieve better 10.

thermal stability and can improve junction leakage characteristics as

well. Especially for the Zr cap layer, it can effectively suppress the 1;'
enormous degradation of NiSi sheet resistance due to the phase’

transformation after a high annealing temperatur850°C)and can

significantly reduce the increase of reverse junction leakage. Withi3.

this Zr cap layer, low resistance and smooth interface nickel silicide
can be obtained and integrated into the 30 nm ultrashallow junction14
formation.
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