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1. Introduction 
 For the 65nm CMOS node technology, especially for 
sub-50nm gate device fabrication, not only improvement of 
short channel effect(SCE) but also high drive current must 
be achieved. Conventional implantation and spike annealing 
approaches cannot easily realize the junction consistent with 
the ITRS requirements. One of the problems of ion 
implantation process is the transient-enhanced-diffusion 
(TED) caused by point defects [1]. Point defects such as 
interstitial-Si induced by implantation damage enhance 
impurity diffusion during the following activation annealing 
[2]. The redistribution at source/drain and channel dopant 
caused by TED deteriorates device characteristics such as 
threshold voltage control, effective channel length or lateral 
diffusion length modulation (Fig. 1). It has been reported 
that flash lamp annealing (FLA) technique realizes lower 
sheet resistance, shallower junction depth and less crystal 
defects [3, 4]. However, FLA process has currently unsolved 
integration problems. 
 This paper presents that 50nm gate CMOS devices 
can be fabricated by conventional spike annealing process 
and additional FLA technique without degrading electrical 
characteristics. The influence of TED reduction by FLA was 
evaluated from electrical properties. 
  
2. Experimental 
 CMOS devices were fabricated using the standard 
process with SiON gate insulator and pre-doped poly-Si 
electrodes. After the offset sidewall spacer formation, source 
and drain region was fabricated as shown in Fig. 2. Boron 
halo implants was used for NMOS and arsenic halo implants 
was used for PMOS. Low energy implantation of As and B 
was performed for source and drain extension (SDE) for 
NMOS and PMOS, respectively. FLA was applied for the 
purpose of the reduction of point defects induced by halo 
and SDE implantation damage. After the sidewall formation, 
the source and drain implantation was performed with As 
and BF2. The activation of S/D dopants was carried out by 
spike annealing at 1050°C with or without FLA prior to the 
annealing.  
  
3. Results and Discussion 
 Fig. 3 shows Vth roll-off characteristics of PMOS 
with FLA(Ext-FLA) or spike RTA(Ext-RTA) prior to 
sidewall formation. The threshold voltage (Vth) at long 
channel devices can be lowered without SCE degradation 
due to the reduction of halo redistribution to the channel. 
Ext-FLA process improves pFET’s drive current by 7% as 

compared with conventional process as shown in Fig. 4. On 
the other hand, the drive current degraded for the case of 
Ext-RTA at 900°C. Fig. 5 shows C-V characteristics of 
PMOS, which indicates that the inversion capacitance is the 
same. From these results, the drive current reduction for the 
case of Ext-RTA may be caused by the increased sheet 
resistance of SDE due to the out diffusion from Si substrate 
surface or inactivation during Ext-RTA. 

Impact of the TED reduction process on nFET’s Vth 
roll-off characteristics is shown in Fig. 6. nFET’s Vth 
roll-off can be improved by using Ext-FLA process as 
compared with conventional process. Furthermore, further 
improvement of the SCE was observed by adding FLA 
(SD-FLA) prior to S/D spike RTA. Fig. 7 shows NMOS 
Ion-Ioff characteristics. The Ext-FLA process improves the 
drive current by 2% and further adding SD-FLA improves 
the drive current by 4%. N+/p junction leakage 
measurements in Fig. 8 implies that the S/D junction 
abruptness was improved by the reduction of TED. Figs. 9 
and 10 show Vth roll-off and Ion-Ioff for pFETs, respectively. 
The effect of SD-FLA was very small. Cumulative 
probability of p+/n junction leakage current is shown in Fig. 
11. Similar junction leakage between with and without 
SD-FLA process indicates that the S/D junction abruptness 
was the same. For PMOSFETs in this work, the influence of 
TED was not dominated by the deep source and drain 
implantation, but by the halo and extension implantation.  

From these results, FLA prior to spike RTA process is 
effective to minimize TED and to prevents the redistribution 
of the halo and source/drain dopants. 
    
4. Conclusion 
 The improvements of SCE and the drive current 
enhancement for 65 nm-node CMOS devices was achieved 
by conventional spike anneal process and additional FLA. 
This indicates that halo, SDE and S/D implantation damage 
can be reduced by FLA without degrading electrical 
characteristics. 
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Fig. 4 Ion-Ioff characteristics for PMOS 
without SD-FLA. 

Fig. 3 Vth Roll-off characteristics for 
PMOS  without SD-FLA.

Fig. 5 C-V characteristics for PMOS 
without SD-FLA.

Fig. 8 Cumulative probability of n+/p 
junction leakage current with Ext-FLA 
and with or without SD-FLA.

Fig. 7 Ion-Ioff characteristics for NMOS 
with Ext-FLA and with or without SD-
FLA.

Fig. 6 Vth Roll-off characteristics for NMOS 
with Ext-FLA and with or without SD-FLA.

Fig. 11 Cumulative probability of p+/n 
junction leakage current with Ext-FLA 
and with or without SD-FLA.

Fig. 9 Vth Roll-off characteristics for PMOS 
with Ext-FLA and with or without SD-FLA.

Fig. 10 Ion-Ioff characteristics for PMOS 
with Ext-FLA and with or without SD-
FLA.

Fig. 2 Process step for fabrication of the CMOS 
devices.

Fig. 1 Schematic illustration of the source/drain structure with halo 
and SDE, and effects of TED on SD and channel regions.
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