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Hotshielding technology is a proven method for pattern 
effect reduction in halogen lamp based rapid thermal 
annealing (RTA) systems. Is the requirement for sharpest 
spikes for ultra shallow junction (USJ) activation in 
contradiction with this method? It seems that photon 
effects can have an impact on the activation/diffusion 
balance and can at least partly dissolve this trade-off. 
 
 Pattern effects during RTA have been 
increasingly observed during the last few years. The 
general trends in IC production include the use of   larger 
die-sizes, complex intra-dies structures associated with 
system-on-chip designs and non-patterned peripheries, 
and  all of which can have a profound influence on 
pattern-related thermal and process non-uniformities 
during RTA [1,2]. 
 
 In halogen lamp based RTP systems the Hot 
Shielding technology is proven to strongly reduce such 
pattern effects [3,4]. The Hot Shield is a second wafer 
above the product wafer which protects the front side of 
the latter against the incoming direct radiant flux from the 
heating source. A potential drawback of this technology is 
the doubling of the thermal mass to be heated. While in 
standard RTP applications the available power is still high 
enough to maintain required ramp rates it might be 
expected that there would be a problem for spike anneals. 
For these processes very high ramp rates, fast turn-around 
speeds and fast cooling are all desirable [5,6]. However 
the loading effects of different patterns and resulting 
pattern-induced non-uniformities are expected to pose 
serious challenges for spike annealing.  
 
 Despite the apparent incompatibility of the Hot 
Shielding technology with spike-anneal processing, this 
paper shows that the sheet resistance, RS, versus junction 
depth, XJ, data from spike anneals with a Hot Shield are 
comparable to USJ results obtained without the Hot 
Shield. The data were obtained from a Mattson 3000 RTP 
tool with ramp rates of 150 K/s on 200 mm wafers.. 
 

Fig. 1 shows the comparison of two SIMS 
profiles of an annealed 11B+, 500eV, 1E15 cm-2 implant. 
One is taken after standard spike annealing without Hot 
Shield, the other one is after spike annealing with a Hot 
Shield. Ramp rates in both cases were set to 150 K/s. 
With Hot Shield a broader spike width of  2.23 s at (Tpeak - 
50 K) was observed compared to 1.9 s without Hot 
Shield. The peak temperature was reduced from 1044 °C 
without Hot Shield down to 1039 °C with Hot Shield to 
maintain an identical RS of both samples (486 Ω/sq.). 
 
 A possible explanation of the well comparable or 
even slightly reduced junction depth after Hot Shield 
annealing could be a reduced high energy photon flux to 
the implanted front side of the wafer compared to a 
standard spike anneal without Hot Shield. The conclusion 
therefore would be that a high energy photon flux as 
applied for spike annealing could enhance boron 
diffusivity of ultra shallow implants. This would then also 
be in accordance to the results of Jung and Seebauer [7] 

who showed that nonthermal illumination can enhance (or 
reduce) Si self diffusion.  
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fig. 1: SIMS profiles after implant activation of a 11B+, 
500eV, 1E15 cm-2 implant by spike annealing with 150K/s 
ramp up rate without (solid line) and with Hot Shield 
(dashed line), both resulting in RS ≈ 486 Ω/sq. 
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with Topshield, 
Tpeak = 1039 °C, ∆t(Tpeak - 50K) = 2.23 s

XJ = 39.8 nm @ 1E18cm-3

without Topshield, 
Tpeak = 1044 °C, ∆t(Tpeak - 50K) = 1.9 s

XJ = 43.2 nm @ 1E18cm-3
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