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1. Introduction 

Post-deposition annealing (PDA) process and its integra-
tion in LSI process are important items for high perform-
ance high-k gate stack MISFETs. In the “gate first” high-k 
MISFETs fabricated with conventional gate and 
source/drain formation sequence, PDA is indispensable to 
suppress the mobility reduction [1]. The PDA temperature 
should be as high as that of source/drain activation anneal-
ing, while inter-diffusion between high-k and interfacial 
layer should be minimized [2]. In order to overcome this 
difficulty, ultra-thin SiON interfacial layer with precise 
nitrogen profile control is required [3]. In contrast, in the 
“gate last” MISFETs, “damascene” or “replacement”, PDA 
temperature and its thermal budget are restricted by the 
NiSi on source/drain (S/D), which might cause problems 
such as high amount of residual impurity and defects in 
high-k film. 

 In this work, we propose a replacement silicide gate 
process with an area selective PDA process that is a com-
bination of flash lamp anneal [4] and a Si photo absorption 
layer to prevent photo energy transmission to the NiSi on 
S/D. 
 
2. Flash Lamp PDA with Si Photo Energy Absorber 

Flash lamp PDA (FL-PDA) is a very short time photo 
exposure annealing process, and can achieve high tempera-
ture annealing with low thermal budget. It was reported that 
CV hysteresis in TiN/HfAlOx stacked structure was re-
duced by using FLA as PDA [5]. However, even with FLA, 
NiSi performance on S/D might be degraded (Fig. 1-(b)). 
So we propose, here, FL-PDA with Si photo energy ab-
sorption layer (Si-PEAL) to prevent the degradation (Fig. 
1-(c)). 

Figure 2 shows typical intensity spectrum of a Xe flash 
lamp and extinction coefficient K of the HfAlOx, a sput-
ter-deposited-Si (PVD-Si), and Si substrate. Most part of 
the energy of the light is absorbed by the Si film or Si sub-
strate. Therefore, in the proposed PDA method as shown in 
Fig.1-(c), HfAlOx is heated mainly by the Si film, while 
NiSi on the S/D receives much reduced energy from flash 
lamp. 

To investigate the effect of the Si layer above NiSi on 
S/D, sheet resistance and junction leakage of diffusion area 
was evaluated. It was confirmed that the Si-PEAL was ef-
fective to suppress an increase in the resistance of the dif-
fusion area (Fig. 3). Junction leakage current increase was 
also suppressed by the Si-PEAL (Fig. 4). If the energy den-
sity of the flash was too high, the distribution became broad. 
The higher leakage current and large distribution is pre-
sumably due to the roughness at the interface between the 
silicide and Si substrate which could be formed by the 
phase change of the NiSi at high temperature [6]. 
 
3. Device fabrication 

 Figure 5 shows the concept of replacement NiSi gate 
MISFET fabrication flow. High-k film is formed after sac-
rificial gate removal, and annealed after Si deposition.  

A “Gate-Last” structure was used to evaluate FET prop-
erties with NiSi/HfAlOx gate stack [7]. Gate insulator and 
electrode were formed after the source/drain formation in a 
non-self-aligned manner against the source/drain. The Si 
layer was deposited by PVD. A HfAlOx (2.5nm) was de-
posited by ALD at 300 °C using HfCl4, TMA and H2O as 
precursors on a interfacial SiO2 (1nm). As a Si-PEAL, a Si 
film was deposited by sputtering on the HfAlOx. In the 
FL-PDA, the wafer was preheated at 220 °C, and energy 
density of the flash was set at 24.5 J/cm2, which is low e-
nough to suppress NiSi degradation on S/D. FL-PDA was 
performed in N2 atmosphere. For a comparison, samples 
applied rapid thermal (RT) -PDA at 1050 °C for 1 sec (Fig. 
1-(a)) and FL-PDA without Si-PEAL (Fig. 1-(b)) were also 
fabricated. The Si layer was patterned after FL-PDA and 
then fully silicided by Ni-PVD, silicidation annealing and 
selective removal of un-reacted Ni.  
 
4. Results and Discussion 

  C-V curves of the samples applied the FL-PDA with 
Si-PEAL was compared with those of the high temperature 
RT-PDA and the FL-PDA without Si-PEAL (Fig. 6). There 
observed no obvious hump or shift, indicating that the 
amount of interface trap or fixed charge can be reduced by 
FL-PDA as small as those by high temperature RT-PDA. 
Moreover, the C-V hysteresis width can be reduced by 
FL-PDA to 1/8-1/10 that by RT-PDA (Fig. 7).  

The FL-PDA with Si-PEAL showed better PBT immu-
nity than the FL-PDA without Si-PEAL and the RT-PDA 
(Fig. 8). PBTI is believed to be due to the electron trapping 
to pre-existing defects in the high-k layer [8]. By using 
Si-PEAL, HfAlOx was heated from the top, which is proba-
bly effective to suppress the inter-diffusion between high-k 
and interfacial SiO2, leading to the reduction of the defects 
in the high-k.  

Id-Vg characteristics of the NiSi/HfAlOx MISFET using 
FL-PDA with Si-PEAL showed no obvious degradation in 
subthreshold characteristics (Fig. 9).  
 
5. Conclusion 
 We proposed an area selective flash lamp PDA using Si 
photo energy absorption layer to apply an enough thermal 
treatment to the high-k layer without degrading the NiSi on 
S/D. Charge trapping was successfully reduced by sup-
pressing inter-diffusion owing to low thermal budget of 
FLA and heating from the top Si layer. 
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Fig. 1 Schematic diagrams of the feature of high temperature PDA, FL-PDA, and FL-PDA with a Si photo absorption layer. 
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Fig. 4 Energy absorption layer effect in
junction leakage of the NiSi diffusion area.
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Fig. 2  A Xe flash lamp intensity spec-
trum and extinction coefficient spectra of
HfAlOx and Si. 
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Fig. 5 Concept of fabrication flow of repla
with FL-PDA using Si photo energy absorpti

ig. 7 C-V hysteresis width of the
iSi/HfAlOx nMISFETs.  
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Fig. 3 Energy absorption layer effect in 
the sheet resistance of the NiSi diffusion
area.
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Fig. 6 C-V curves of NiSi/HfAlOx
MISFETs with FL-PDA (with/without
Si-PEAL) and RT-PDA. 
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Fig. 9 Id-Vg characteristics of the 
NiSi/HfAlOx nMISFETs using the 
Fig. 8 PBTI characteristics of the
NiSi/HfAlOx nMISFETs.  
FL-PDA with Si-PEAL.  Leff=0.7µm
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