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(The effect of annealing conditions on ultra shallow p -n
junctions formed by low energy ion implantation)
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Abstract

Shallow p'n junctions were formed by preamorphization, low-energy jon implantation and dual-step annealing
processes. Germanium ions were implanted into silicon substrates for preamorphization. The dopant implantation was
performed into the preamorphized and non-preamorphized substrates using BF: ions. Rapid thermal anneal (RTA) and
furnace anneal (FA) were emploved for dopant activation and damage removal. Samples were annealed by one of the
following four methods: RTA(750°C/10s)+FA, FA+RTA(750°C/10s), RTA(1000°C/10s)+FA, FA+RTA(1000°C/10s). The Ge
preamorphized sample exhibited a shallower junction depth than the non-preamorphized sample. When the employed RTA
temperature was 1000°C, FA+RTA annealing sequence exhibited better junction characteristics than RTA+FA thermal cycle
from the viewpoint of junction depth, sheet resistance, Rs ¢ x;, and leakage current.
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Fig. 1. Primary process flow chart for the fabrication of
diode.
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Fig. 2. RTA temperature.
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Table 1. Junction depth of 1000°C RTA samples.
[ : um]
ol F¢ FA+RTA | RTA+FA
BF2(%eV) 0.082 0.092
Eay
Ge+BF2(9%keV) 0.075 0.082
A3 23| BF(20keV) 0.182 0.200
B GerBFA20keV)| 019 0.205

E 2 1000°CollAl RTASH AlHe| oixjgt
Table 2. Sheet resistance of 1000°C RTA samples.
(29 - [Q/O1

o]2 %9 | FA*RTA | RTA+FA
BF»(%keV) 208 56
2 a7
Ge+BF:%keV) | 204 230
%3 24| BFA20keV) 127 176
B GerBRA20keV)| 122 158
E 3 1000°ColM RTABH AlE2| R, -
Table 3. Rs - x of 1000°C RTA samples.
[¢9 : Q - um/]]
o]& %49 | FA+RTA | RTA+FA
BF2(9keV) 171 2338
2 a7
GeBFxOkeV)| 153 189
#3 28| BF:(keV) 231 352
B |Ge+BRX20keV)| 239 324
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Table 4. Leakage current of 1000°C RTA samples.
[¢9 : nA/cm]

o]& %4 | FA+RTA | RTA+FA
BF2(%keV) 48 83
B AT
GeBFy(%keV) | 62 117
#3 23| BFA20keV) 28 49
B Ge+BF:(20keV)| 33 68

¥ 5 750°CE RTASH AlEel Mt o], HME, Rs-

x, +8 MR

Table 5. Junction depth, sheet resistance, Rs+Xx, and
leakage current of 750°C RTA samples.
BF: Ge+BF;
FA+ |RTA+| FA+ |RTA +
RTA FA RTA FA
x; (ASR)
0.068 0075 0.061 0.063
[um]}
Rs
487 48 399 330
[Q/C1]
Re - % B1 | 36 | us | W9
[Q - um/]] ' ' ' '
Leakage current
X 73 85 108 | 116
[nA/cm’]
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