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Abstract 
The NiPt silicide agglomeration mechanism is clari-

fied in terms of NiSi crystal orientation and stress for 
the first time. Furthermore, the influence of Pt diffusion 
to the NiSi/Si interface during the thermal process on 
agglomeration is discussed. 

 
1. Introduction 

Pt doped Ni (NiPt) silicide has been increasingly adopt-
ed in state-of-the-art CMOS because of its ability to sup-
press the agglomeration of silicide during thermal process. 
It was reported that a reduction of free energy due to the 
incorporation of Pt into NiSi suppresses agglomeration [1]. 
However, the NiPt silicide agglomeration mechanism is not 
yet sufficiently understood in terms of microstructures. Our 
previous microstructure analyses clarified that the segre-
gated Pt at the NiSi/Si interface accelerates the formation of 
the NiSi grains [NiSi(010)//Si(001)], and residual stress is 
induced in the film [2,3].  

In this paper, the NiPt silicide agglomeration mechanism 
is clarified using X-ray diffraction (XRD) analysis, scan-
ning transmission electron microscopy (STEM), and high 
resolution Rutherford backscattering spectrometry (HRBS). 

  
2. Experimental Procedure 

Figure 1 shows the sample preparation process. NiPt sil-
icide film on 300mm Si(001) wafers was formed in various 
conditions of rapid thermal process (RTP), as shown in 
Table I. Sheet resistance (Rs) was measured using a four 
point probe, and other properties of NiPt silicide after RTP2 
and RTP3 were investigated using out-of plane XRD analy-
sis, STEM, and HRBS. 

 
 
 
 
 
 
 
 
 

 
3. Results and discussion 

Figure 2 shows the out-of plane XRD patterns in sam-
ples A-C. Figure 3 focuses on the NiSi (020) peaks, and 
shows the peak intensity ratios of NiSi(020) to NiSi(013) 
(INiSi020) and the peak shift, namely NiSi stress. These in-
creased with an increase in the temperature of the RTP2.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 shows the depth profiles of Pt, Ni and Si ob-

tained by HRBS. The Pt atoms at the NiSi/Si interface in-
crease with an increase in the temperature of RTP2. These 
results indicate that large Pt segregation at the NiSi/Si in-
terface causes an increase of NiSi(010)//Si(001) grains and 
stress, and this phenomenon is enhanced by high RTP2 
temperature. In addition, high RTP temperature causes 
large NiSi grains, as a result, low Rs, as shown in Fig. 5.  
 

 
 
 
 
 
 
 
 
 
 

 
 

Furthermore, the thermal stability of NiPt silicide in 
samples A-C with additional RTP3 is shown in Fig.6. Rs of 
sample C rapidly increases with silicide agglomeration 
compared with that of samples A and B. Silicide agglomer-
ation fairly depends on RTP2 conditions. 

 
 
 
 
 
 
 
 
 
 

● S/D implantation  p-type(B)  
● S/D activations (1000oC) 
● NiPt deposition(25nm) 
● TiN deposition (15nm) 
● 1st annealing(RTP1)(260oC, 41s) 
● Unreacted cap-TiN and 
  NiPt selective etching 
● 2nd annealing(RTP2) 
● 3rd annealing(RTP3)(800oC, He) 

NiSi

Sample A

Sample B

Sample C

Fig. 1 Sample fabrication steps. 

Table I  Experimental conditions. 

Fig.4 Depth profiles of Pt, Ni and Si from 

the film surfaces to the Si substrate. 

Fig.5 Temperature dependence 

of grain size and Rs. 
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Sample A 
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Fig.2 Out-of XRD patterns of films 

aligned to the Si[001]direction. 

Fig.3 Temperature dependence of 

INiSi020 and NiSi(020) peak shift. 

013 020NiSi
200

Sample Gas Temp. [℃] Time
A He 540 0.5s
B He 635 0.5s
C He 825 0.5s
D He 800 1.5s
E N2 600 10s
F N2 260 10hrs

RTP2

Fig.6 Relationship between Rs and cumulative time of RTP3 in samples A-C. 

Extended Abstracts of the 2014 International Conference on Solid State Devices and Materials, Tsukuba, 2014, 

- 696 -

F-4-2 pp696-697



In order to understand the NiPt silicide agglomeration 
mechanism, the agglomeration process of samples D-F with 
various INiSi020, stress, grain size and Rs were evaluated, as 
shown in Table II. Figure 7 shows the relationship between 
Rs and cumulative time of RTP3. Rs in samples E and F 
first decreases and then increases. On the other hand, Rs in 
sample D consistently rises. The characteristics of the films 
before and after 10s of RTP3 were evaluated in order to 
clarify these differences in agglomeration process.  

            
 
 
 
 
 
 
 
 
 

 
 

Figure 8 shows the INiSi020 and NiSi(020) peak shift. INi-

Si020 and  NiSi(020) peak shift in samples E and F both in-
crease after 10s of RTP3. On the other hand, NiSi(020) 
peak shift in sample D decreases in spite of INiSi020 increase. 
These results indicate that stress relaxation occurs with 
NiSi grains [NiSi(010)//Si(001)] growth in sample D.  
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 shows the HRBS results before and after 10s of 

RTP3. In samples E and F, Pt atoms at the NiSi/Si interface 
increase after RTP3. In contrast, in sample D, Pt atoms at 
the NiSi/Si interface after RTP3 are almost the same as that 
before one. Furthermore, the trailing Ni spectra at the Ni-
Si/Si interface is observed only in sample D.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

In addition, large NiSi grains of sample F after RTP3 are 
observed by STEM, as shown in Fig. 10. These results are 
suggested that in sample D, the NiSi/Si interface roughness 
degrades due to the beginning of silicide agglomeration 
after RTP3. On the other hand, in samples E and F, Pt dif-
fuses into the NiSi/Si interface, and NiSi(010)//Si(001) 
grains grow during RTP3. 

 
 
 
 

 
 
 
 
 
The NiPt silicide agglomeration mechanism is summa-

rized in Fig. 11. After RTP2, the NiSi grains [Ni-
Si(010)//Si(001)] with segregated Pt at the NiSi/Si interface, 
and NiSi grains with other crystal orientation are both 
aligned to Si(001) [Fig.11(a)]. During RTP3, Pt segregates 
at the NiSi/Si interface, and the NiSi grains (Ni-
Si(010)//Si(001)) recrystallize with large residual stress 
[Fig. 11(b)]. Finally, NiPt silicide agglomeration accompa-
nied with stress relaxation occurs [Fig. 11(c)]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

 
3. Conclusions 

Our microstructure analysis has revealed that the NiPt 
silicide agglomeration mechanism is explainable in terms 
of stress relaxation. Large stress of the NiSi grains [Ni-
Si(010)//Si(001)] by Pt enhances silicide agglomeration. 
We conclude that the stress of NiPt silicide has a significant 
influence on the thermal stability. 
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Fig.9 HRBS results before and 

after 10s of RTP3. (a)Sample D 

(b) Sample E (c) Sample F. 

Fig.11  NiPt silicide agglomeration mechanism. 

Fig.10 Plan-view STEM images of sample F. 

(a)Before RTP3 (b)After 10s of RTP3 

Table II  Characteristics  
of samples D-F. 

Fig.8 (a) INiSi020 and (b) NiSi(020) peak shift before and after 10s of RTP3.  

(a) After RTP2

(c) After longtime RTP3

(b) During RTP3
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Fig.7 Relationship between Rs and  

cumulative time in samples D-F. 
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