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I nfluence factors of impurity distribution in low energy and
highly doped phosphorus atomsimplanted by RTP

WANG Weiqi, HUANG Qiyu
(School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University,
Shanghai 200240)

Abstract: In the semiconductor device, improve the switching speed and reduce the leakage current or
has become a hindrance to the development of the industry can not reconcile the contradiction. However,
the vigorous development of the semiconductor industry to promote the continuous development of the
device manufacturing process, ultra-shallow process and cutting-edge annealing process is based on this
development. Ultra-shallow junction process based on low-energy high-dose injection conditions, which
is characterized by well depth, device switching speed. The rapid annealing process has a small heat
input, a quick rise or cooling rate, and a significant effect in suppressing the lateral diffusion of impurities.
Based on the 55nm process platform, the distribution and migration of impurity atoms in silicon base
were analyzed and verified by low energy and high doped phosphorus atom implantation and rapid
thermal annealing. The results show that the low-energy high-dose uniform injection at the same time,
after rapid annealing, the impurity atoms in the silicon-based formation of a special distribution, the edge
of the silicon part of the impurities appear too high, low resistance phenomenon. The depth of the
shallow implant is lower, and the impurities are easily overflowed through the silicon surface during the
annealing process, which affects the resistance change. At the same time, the corresponding
experimental analysis is carried out for the two diffusion modes, longitudinal diffusion and transverse
diffusion.

Keywords: shallow injection; rapid thermal annealing; atomic spillage; transverse diffusion;
longitudinal diffusion
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Tab. 1 The development trend of CPU chip

P TENR EHESE/mm  WEKE/om  HARS/MH:z RRBEEN R EE/V  TIE/W
2003 107 [ 2976 439 12 149
2004 s0nm % 53 an 553 1.1 158
2005 80 45 5204 687 1.1 167
2006 70 40 6783 878 11 180
2007 §5nm 65 3 9285 1106 11 189
2008 57 3 10872 1393 1.1 198
2009 50 28 12369 1756 1.0 198
2010 45nm 45 25 15079 2212 L0 198
)
5( PUEHGR K T2 RTP (Rapid Thermal Process) & fEAE Gl & T 2 LAl Ik @ ki #4
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Fig. 1 Different machines impurity profile
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Fig. 2 The resistance value under different location
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Fig. 3 Phosphorus atoms daily monitor process
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Fig. 4 Injection distribution map after impurity and annealing
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Fig. 5 Different machines TW test after injection
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Fig. 6 The temperature sensitive coefficient of phosphorus doping and RTP, daily monitoring figure
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Fig. 7 Oxygen flow relationship between film thickness and the overflow ratio of atoms in annealing process
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Fig. 8 Longitudinal diffusion model experimental data
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Fig. 9 Lateral diffusion model experimental data
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Fig. 10 Lateral diffusion model experimental data
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