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Introduction 

For the state-of-the-art CMOSFETs technology, the junction depth and resistivity of source and drain regions of 

critical important to the development of the aggressively scaled CMOS technology for short channel effect control and 

high devices performance. Therefore, as considering these two simultaneous concerns of the source/drain concentration 

level and reducing the junction depth for ultra shallow junctions, a lower temperature anneal process is necessary. In 

addition, mobility enhancement techniques are also required for breakthrough the scaling limit of CMOSFETs. Since the 

mobility of Ge is 2x for electron and 4x for hole. The results after anneal on the SiGe or pure Ge substrate are very 

important. First of all, by using a low-temperature microwave anneal, one could suppress the sheet resistance and prevent 

the boron from diffusion and expansion on the Si/Si0.2Ge0.8/Si substrate, as shown in Fig. 1. This would not induce any 

dislocations or defects at the interface of the Si/Si0.2Ge0.8/Si heterogeneous substrate, as shown in Fig. 2 [1] 

On the other hand, P31 activation in the pure Ge film by conventional anneal would be companied 

with serious diffusion. Therefore, P31 in germanium epitaxy atop Si wafer by low temperature microwave 

annealing technique was also investigated in this study. This work has demonstrated that P31 in single 

crystalline germanium thin films can be activated and the dopant diffusion could also suppressed by low 

temperature microwave anneal technique. By SIMS and SRP analysis, as shown in Figs. 3-4, radiation 

damage caused during implantation process could be repaired by microwave annealing and the severe 

dopant diffusion could be suppressed due to the lower temperature process as compared with conventional 

RTA process [2].  

Furthermore, strained Si by global or local stress could also enhance the channel mobility. That by capping SiNx to 

enhance the device mobility is a low-cost material and easier fabricates process for strained Si or SiGe channel. Rapid 

thermal annealing (RTA) and microwave annealing (M.A.) for the SiNx film strain enhancement are compared in our 

studies. Using microwave annealing, the Rs could attain to 94.5Ω/sq. (P31 at 15KeV with a dose of 5×1015 cm-2) and 

dopant diffusion could be also suppressed as compared with those by using high temperature RTA. In addition, SiNx 

films processed by low temperature M.A. depict higher tensile stress, as summarized in table 1. The characteristics of 

diffusionless dopant distribution and higher tensile stress SiNx film would be useful in contact etch-stop layer (CESL) or 

stress memorization technique (SMT) in the fabrication of small pitch nano-scaled nMOSFETs [3]. More microwave 

power would enhance the tensile strain, effectively, but the strain eventually becomes saturated, as shown in Fig. 5. Low 

temperature annealing can expand the potential application of contact etch-stop layer (CESL) or stress memorization 

technique (SMT) in lower heatproof materials or high-K/metal gate process.  
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Finally, nanoscale p-MOS TFTs with a TiN gate electrode were realized using a novel microwave 

dopant activation technique. We compared both low-temperature microwave annealing and rapid thermal 

annealing (RTA), as shown in Figs. 6. We successfully activated the source/drain region and suppressed 

the short-channel effects using low temperature microwave annealing. This technique is promising from 

the viewpoint of realizing high-performance and low-cost upper-layer nanoscale transistors required for 

low temperature 3D-IC fabrication. Different dopant activation conditions are compared for various 

annealing techniques. The punch-through characteristics and short channel effect were suppressed by 

using a low-temperature microwave dopant activation technique, as demonstrated for nanoscale gate 

p-MOS TFTs. 
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Fig. 1. The SIMS profile of boron concentration. 

The boron distribution after the RTA of 900 °C 

for 30 seconds depicts a deeper boron 

distribution. The insert in Fig. 1 is the carrier 

concentration, which indicates the profile of 

dopant activation concentration, measured by 

SRP for the splits of NG03 and RTA. 

 

Fig. 2 High-resolution double-crystal symmetrical 

ω/2 scans of Ge-epi layers and planar Si substrate. 

The inset in Fig. 2 is a TEM image of the split of 

NG03, and the structure consists of Si/Ge/Si layers, 

with the thicknesses of Ge and Si capping layers as 

3.8 and 2.8 nm, respectively. 

 

Fig. 3 SIMS profiles of implanted P in Ge before 

and after microwave annealing in different 

conditions and RTA at 550°C for 60 seconds. 
 

Table 1 Comparisons of the characteristics of SiNx film strain and Rs by M.A. and RTA 
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Fig. 4 SRP depth profiles of P31 in Ge from sample (v) and RTA.
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Fig. 5 50nm SiNx thickness, microwave power is 600~700W.  

The strain magnitude becomes saturated. 
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The progress of selected topics over the past five years including your results 

1. Nano-scaled CMOS-TFTs fabrication. 

2. Low temperature dopant activation in Ge film 

3. SiNx film tensile strain enhancement by low temperature microwave anneal 

 

Potential application opportunities, if possible (What is the potential impact on ITRS?) 

1. Low temperature dopant activation in (P31, As, and B) in Si, SiGe, and Ge substrate.  

2. Ultra-thin silicide formation. 

3. Nano-scaled poly-Si TFTs fabrications. 

 

 

The difficult challenges and potential solutions for the next 10 – 15 years 

1. Workfunction shift of metal gate after anneal? 

2. Defect density after ion implantation and anneal. 

3. Uniformity impacted by metal gate density. 
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Fig. 6 Discussion of characteristics (ID-VG) of p-MOS TFTs was annealed by RTA and microwave annealing. (a) RTA at 900°C for 15 s, and (b) 

furnace at 500°C for 500 s. (c) microwave annealing for 600 s. In (a) as the gate length is below 0.2 μm, punch-through effect dominants the 

transfer characteristics, and in (c) the Ion/Ioff ratios are about 108 for p-MOS using microwave anneal for 600 s with W/L = 60nm / 120nm. 

 


