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Abstract—An improved Ni salicide process has been developed 30
by incorporating nitrogen (Nj) implant prior to Ni deposition « 700°C with N,* implant
to widen the salicide processing temperature window. Salicided
poly-Si gate and active regions of different linewidths show
improved thermal stability with low sheet resistance up to a salici-
dation temperature of 700 and 750°C, respectively. Nitrogen was
found to be confined within the NiSi layer and reduced agglom-
eration of the silicide. Phase transformation to the undesirable
high resistivity NiSi» phase was delayed, likely due to a change . { {
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in the interfacial energy. The electrical results of I\I implanted
Ni-salicided PMOSFETs show higher drive current and lower
junction leakage as compared to devices with no §I implant.
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|. INTRODUCTION Fig. 1. Sheet resistance of poly-Si with and withouf” Nmplant after

iSi has become one of the promising candidates for silii-salicidation at 700 C as a function of poly-Si linewidths.
N cide applications in submicron CMOS technology due to

its one step low temperature formation and low sheet resistanice silicides and delay the nucleation of NiSThe improved
with no linewidth dependence. Compared to Ti and Co silicideslectrical performance of this new Ni—salicide scheme is
NiSi has the lowest Si consumption during silicidation, which iseported for PMOSFETS.

an attractive feature for future CMOS devices. However, poten-

tial problems with NiSi are agglomeration even at temperature [I. EXPERIMENT

as low as 600C [1] and transformation to the high resistivity After the growth of a 6.5 nm gate oxide on (100)-p-type Si

NIEIiQSpt?[Z?i: : i7n52itcr.o en containing ambient has been shov%UbStrate’ 2550 A poly-Si was deposited using LPVD.and
P 9 9 9 4 dopings were carried out by As implant ®fx 10> cm—2,

to result in improved silicide film properties like the interfac§0 keV, and BF implant of 2 x 1015 cm-2, 40 keV, respec-
roughness of NiSi [2]. Incorporation ofj\limplant into poly-S_i tively. After thermal activation of the dopahts g Nh,1planta-
has been proposed as a mean of reducing agglomeratlor}.c())n of 6 x 10* cm~2 at 15 keV was blanket implanted onto

CoSi, on the gate region [3]. Recently, there has been stu Sth gate and active regions. This was followed by an annealing

on the effects of nitrogen implantation on the shallow junctio L X
formation with Ni silicide [4]. However, the implantation ofgtep at 950 C for 60 s. Nifilms of about 25 nm was sputter de

. : . . : osited after a dilute HF dip. Ni salicidation was carried out at
nitrogen, which was done before junction formation, can CaUESOOC t0 900°C by rapid thermal annealing in-Nambient for
poor electrical activation of dopants. In the present study, t y rap g

Sttern and blanket wafers with and withouf Nmplant. Un-

incorporation of nitrogen implant was done on the gate ar?élacted Ni was removed using,80,: H,O, etchants. Sheet

active regions prior to Ni deposition. The incorporation of the sistance of poly-Si and diffusion regions was measured as a

o ! . I
presilicide N implant was able to reduce agglomeration 0ffﬁnction of linewidths using Kelvin structures. Electrical char-

wacterization was done on PMOSFETSs after Ni salicidation using
VI§e presilicide nitrogen implantation scheme.
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Fig. 3. Raman spectra of Ni-silicide formed at 750 on Nj implanted
blanket Si and narrow active regions.

Fig. 2. Sheet resistance of Ni-salicided mnd p" narrow active lines of

various linewidths with and without N implant. vd (V) )
Vg=0v

in sheet resistance was observed fof Mnplanted poly-Si CEE : > ) y
lines due to the absence of agglomeration or alleviation of ~ ) ) o
poly-inversion [5]. Fig. 2 shows the sheet resistance of the |- g 2
Ni-salicided active lines of various linewidths with and without Vo=-2v :, =
N3 implant. For Ni-salicided active lines without/Nimplant, Vg =-3V = 32
high values of i sheet resistance were obtained consistent ________,___,_._...-----'—""”’ 4 i
with the results of Ohguret al. [2]. Improvements using N 5
implant were observed particularly on the salicided active Vg = -4V 5
lines, which exhibit uniform low sheet resistance as compared — "~ without N" implant
to those without Iy implant. Both - and p~ salicided lines T “oo- with Ny implant 7 1

8

can achieve low sheet resistance up to 760However a slight
increase in sheet resistance dflines after annealing &0°C (@)
was observed and will be discussed later.

Nitrogen seems to be effective in retarding agglomeration f
Co [3] and Ti [6] silicides as well as Ni silicides as indicatec ~. 10°
by our results. Agglomeration results from the solid-state di %
fusion to minimize the surface/interface energy in the syste & 447 L
and depends on the film thickness, grain size, interfacial a 3 4
surface energies as well as the surface and interface diffus fgfv 10° 7
[5]. However, the exact influence of these parameters is still n & =
fully understood [5]. SIMS results (not shown) indicates thattr = 10" £
implanted nitrogen is confined within the silicide layer after ar 3
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nealing at 600 C. This may be due to segregation of nitroge 10 10 8 6 4 2 0
at the grain boundaries which can change the grain bound Reverse Bias (V)
energies. Nitrogen can also react with Si or Ni to form nitrides (b)

and improve the agglomeration resistance by changing the in- ) - , ,
. . . . Fig. 4. (a) I,—V, characteristics of a 0.3xm PMOS transistors with

terfacial energies or/and surface diffusion. Ni—salicidation at 700 C with and without N' implant. (b) Junction leakage
From micro-Raman analysis as shown in Fig. 3, NiSi wepsirent for Ni-salicided on N implanted g /n junctions. Area of the junction

found to be present after annealing at 73D for blanket Si 'S 9936#m".

wafers and narrowpand n active regions that were implanted

with N whereas NiSi was formed on wafers withoutjNim-  Ni silicide agglomeration resistance and phase transformation

plant. This was shown by the presence of a peak at around 2&mperature.

cm~! [7]. For nt active lines annealed at 78C, the decrease  Incorporation of the Ni-salicide process witlf Nnplantation

of the NiSi peak intensity at 217 cm together with the pres- was done on PMOSFETSs. Fig. 4(a) shows ilzeV,; character-

ence of the Si Raman peak at 521 cthindicates a partial ag- istic of a 0.35:m gate length and 25m width PMOSFET after

glomeration and can explain the slight increase in the sheet Ni-salicided at 700°C with and without the I§f implant. The

sistance (Fig. 2). Since the formation of NiS$ known to be drain current of the device withNimplant increased by about

nucleation controlled, the change in NiSormation tempera- 8% comparedtothatwithoutNimplant, duetothe reduced sheet

ture may be related to a change in the interfacial energies mesistance of the source and drain region. Fig. 4(b) shows the im-

duced by nitrogen. Thus, Nimplant has an effect on both theprovement in the junction leakage for thg Nmplanted g-/n



junction with Ni-salicided at 750C (diode size= 9936 ym?).

REFERENCES

It was reported that nitrogen doped Ni-salicided junctions have[1] s.Rr. Dastal, “Thermal stability of nickel silicide films,” ifProc. Mat.

improved junction leakage due to the reduced interface rough-
ness [2]. Moreover, nitrogen implant into Si forms a secondary[2

Res. Soc. Symprol. 427, 1996, p. 54.
] T. Ohguroet al, “Nitrogen-doped nickel monosilicide technique for
deep submicon CMOS salicide,” IEDM Tech. Dig, 1995, p. 453.

surface defectregion, which acts as a proximity gettering site angs;) w.-T. sun, M.-C. Liaw, and C. C.-H. Hsu, “Suppression of cobalt sili-

eliminate the end of range defects of implantation [8].

IV. CONCLUSION

The incorporation of nitrogen implant prior to Ni deposition [5]
has allowed a wider processing temperature window for Ni—sali-

cide process by improving the silicide thermal stability. M-

plantation can retard NiSi agglomeration and the change in in-

cide agglomeration using nitrogen Nl implantation,”IEEE Electron
Device Lett.vol. 19, p. 163, May 1998.

[4] L.W.Chengetal, “Effects of nitrogen ion implantation on the formation

of nickel silicide contacts on shallow junctionThin Solid Films vol.
355-356, p. 412, 1999.

E. G. Colgan, J. P. Gambino, and Q. Z. Hong, “Formation and stability
of silicides on polycrystalline siliconMater. Sci. Eng.vol. R16, p. 43,
1996.

[6] S. Ogaweet al, “Thermal instability of the TiSi/Si structure: Impurity

effects,” Appl. Surf. Scj.vol. 41/42, p. 290, 1989.

terfacial energy has resulted in delayed nucleation of the high ref7] P.S. Leeet al, “Micro-Raman spectroscopy investigations of nickel sili-

sistivity NiSi; formation. Low sheet resistance was achieved on

poly-Si and active lines at temperatures of P@and 750°C,

respectively. These optimized properties of NiSi at high temper-
atures were integrated into PMOSFETS, which show increased
drive current and improvements in junction leakage current.

ACKNOWLEDGMENT

The authors thank R. Lee and W. D. Wang for technical as-
sistance, and A. See and C. S. Ho for valuable discussions.

(8]

cides and nickel (platinum) silicideslectrochem. Solid State Lettol.

3, p. 153, 2000.

T. Kuroi et al, “Highly reliable 0.15¢:m MOSFET's with surface prox-
imity gettering (SPG) and nitride oxide spacer using nitrogen implanta-
tion,” in Dig. Symp. VLSI Technolog¥995, p. 19.



