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Hard-X HX-PES
PD
Hard X-ray Photoelectron spectroscopy (HX-PES) study on chemical binding states of ultra
shallow plasma-doped silicon layer for the application of advanced ULSI devices
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We measured HX-PES (Si 1s) of ultra shallow PD samples before and after spike RTA or FLA in SPring-8. PD
showed excellent chemical binding states with high impurity activation and recrystallization after both spike RTA
and FLA. HX-PES, which successfully measured the differences of chemical binding states during the doping and
the annealing processes with high accuracy, was extremely useful for the optimizing of semiconductor doping

process and thermal activation process for 45 nm technology node and beyond.
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Table 1. The PD conditions of samples

Table 2. The annealing conditions of samples.
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PD condition
Sample No. | goHg/He | Vdc |time|depth| Dose
concentration] (V) | (s)] (nm) | (cm-?)
PD1 0.025% 60 14 | 7.0 |5.0E+14
PD2 0.025% 60 30 7.0 |1.0E+15
PD3 0.20% 60 30 7.0 | 20E+15
He-PA He 100% 150 7 14.0
159
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Annealing condition
Sample No. peak Rs
method temperature ()|  (©/sq)
PD3-RTAl 978 1345
PD3-RTA2 . 10258 686
spike RTA

PD3-RTA3 1075 369
PD3-FLAl 1163 1300
PD3-FLA2 FLA 1295 540
PD3-FLA3 1348 340
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Fig. 1. Si s spectra of as-doped PD samples compared with that of n-Si substrate: (a) Area

normalized ; (b) Peak position offset after peak intensity normalized.
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Fig. 2. Si 1s spectra of PD samples before and after spike RTA: (a) Area normalized ; (b) Peak position

offset after peak intensity normalized.

Normalized Intensity

—n-Si
—— PD3
— PD3-FLAL
PD3-FLA2
—— PD3-FLA3

T
1840

18‘39
Binding Energy (eV)

1
1838

1.0

054

Normalized Intensity

0.0

(b)

—n-Si
——PD3

— PD3-FLAL
PD3-FLA2
—— PD3-FLA3

1841

T
1840

T
1839

Binding Energy (eV)

1
1838

Fig. 3. Si 1s spectra of PD samples before and after FLA: (a) Area normalized ; (b) Peak position offset

after peak intensity normalized.







