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A Study on High Energy lon Implantation for Retrograde Well Formation
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Abstract

Retrograde well is a new process for ULSI fabrication. High energy ion implantation has been used
for retrograde well formation. In this paper the forming Ccondition for retrograde well using high
energy ion implantation is compared with that for conventional well TW signals for retrograde p-,
n-well(900°C) after annealing are similar trends to those of conventional ones(1150C), however the
signals for RTA have the highest value because of small thermal budget. Junction depths of

retrograde well are varied from about 1.2 to 3.0 gm as for conventional well. The peak concentrations
of retrograde well, however, are about 10 times higher in values than those of conventional ones so
that they can be used as any types of potential barriers or gettering sites. The critical dose for
phosphorus implantation in our experiments is between 3x10% and 1x10"/cm® Under the above
critical dose, there are many secondary defects near projected range such as dislocation lines and
dislocation loops.
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Fig. 1. Flow chart of experiment
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Table 1. Implantation and annealing condition

WF ®% o) &3 =34 X8 =1
11 |"B’, 80keV, 1.0E13/cm® FAl
12 [UB, 300keV, 50E13/cm’| FA2
13 |"B’, 900keV, 2.0E13/cm® | FA2
14 "B’ 15MeV, 40E13/cm®| FA2
15 [P'P", 150keV, 1.0E13/cm®* | FAl
16 [P, 450keV, 1.0E13/cm® | FA2
17 P'P', 15MeV, 20E13/cm?| FA2
18  ['P’, 3.0MeV, 40E13/cm’| FA2
20 |"B', 450keV, 25E13/cm’| RTA
21 |"B', 500keV, 30E13/cm’| RTA
22 |"B’, 500keV, 35E13/cm’| RTA
23 "B, 500keV, 40E13/cm’| RTA
24 |'"B’, 800keV, 40E13/cm’| RTA
25 "B, 1.0MeV, 45E13/cm’?| RTA

1 P'P', 800keV, 20E13/cm® | RTA

2 PP’ 825keV, 30E13/cm’ | RTA

3 P'P’, 825keV, 40E13/cm® | RTA

4 PP, 825keV, 50E13/cm’ | RTA

5 PP’ 10MeV, 60E13/cm’| RTA

6 PP, 20MeV, 60E13/cm®| RTA
FAL: 1150, 7hrs, N2 FA2: 900, lhr, N2
RTA: 1000C, 15sec., Ng
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Table 2. TW signal and sheet resistance

W @ Sheet resist
WF ¥&
as-implant |after anneal| (£2/sq)

11 635 60.0 1826
12 648 62.5 -
13 772 33.1 -
14 867 345 -=
15 1230 33.0 840
16 1348 31.8 854
17 1893 30.6 320
18 2240 375 161
20 631 188 1087
21 650 213 946
22 664 219 848
23 678 219 774
24 668 223 693
25 655 185 680

1 1084 185 486

2 1293 194 374

3 1500 192 315

4 1699 187 277

5 1758 184 243

6 1386 202 227
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Table 3. SIMS measurements

k2 3. SIMS =A@
Peak conc.|Peak depth |Junc. depth

WF 83| (/ cm) ( pm) ( pm)

11 -- -- --
12 -- 0.70 120
13 -- 150 218
14 -- 2.20 2.86

15 -- -= --
16 -- 0.50 1.25
17 - 1.40 2.25
18 -- 2.36 3.40
20 4.50E17 1.30 1.78
21 4.85E17 1.35 1.88
22 5.92E17 1.32 1.90
23 7.29E17 1.30 1.89
24 6.70E17 143 1.89
25 7.74E17 1.65 2.72
1 1.34E17 0.76 1.78
2 3.52E17 0.80 2.20
3 6.30E17 0.83 2.35
4 9.12E17 0.86 2.42
5 8.39E17 1.04 2.67
6 7.69E17 152 354
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