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This study examined the angle at which ion implantation doping had to be
performed to minimize product distribution. By setting the tilt angle, the
shadowing phenomenon, a problem during ion implantation, was compensated

for using the bi- and quad-mode methods. When channeling occurred owing to 0°
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ion implantation, the underlying membrane was grown and used as a buffer, or the
effect was minimized using a preamorphization method. Regarding the distortion
of the doping profile caused by continuous 0° ion implantation, we proposed
management measures for key equipment components such as ESCs, and as a
monitoring measure, we examined ways to minimize the angle variation using
TW. Thus, we secured the process margin under the condition of a 0° tilt angle and

minimized the quality risks caused by angular misalignment.
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Fig. 1 Beam shadowing phenomenon
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Fig. 2 SIMS profile for As, 4.5MeV, 1.0E13/cm* for different
Implantation tilt angle”
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Table 1 TW measurement data

Table 2 Correction value for multiple target tilts

No Tilt angle | TW (Ist) TW (2nd) ™ Range Target tilt (deg) Correction tilt (deg)
(deg) avg std avg std | (avg) 0 0.027

1 -1 57.1 | 0.61 | 57.1 | 0.71 554 34 3 3.027
2 -0.8 39.6 0.8 | 402 | 0.57 | 399 0.6 5 5.027
3 -0.6 27.1 | 091 | 27.1 | 0.62 | 27.1 0 7 7.027
4 -0.4 17.7 | 1.01 | 17.5 | 0.85 17.6 0.2 10 10.027
5 -0.2 11.1 | 0.71 | 11.5 | 0.93 11.3 04 15 15.027
6 0 9.7 0.61 9.7 | 0.69 9.7 20 20.027
7 0.2 114 | 0.71 | 11.4 | 0.70 114 -5 -4.973
8 0.4 159 | 149 | 17.1 | 091 16.5 1.2 -7 -6.973
9 0.6 251 1 079 | 241 | 0.56 | 24.6 1

10 08 |363] 056|355 063 | 359 | 08 Vecurves it angle v TW gl (2nc-order regression)
11 1 49.7 | 043 | 509 | 0.68 | 50.3 1.2 v = 43.202¢% - 2.3227x + 9.9646, R? = 0.0992

Test Wafer V-Curve Regression Analysis

- (Tilt Angle Odegree correction)

Scanning the tilt angle on the ion implantation test wafer and measuring
the TW(Therma Wave) signal measureed, then performing

a second-order (parabolic) correction by performing regression analysis
by performing regression analysis, it calculates the actual tilt 0° (80)

at witch channeling reaches its maximum.

Measurement data (test wafer, TW values for each tilt angle)

No. Tilt angle (deg) TW (a.u.)
1 -1 554
2 -0.8 399
3 -0.6 27.1
4 -0.4 17.6
5 -0.2 11.3
6 0 9.7
7 0.2 114
8 0.4 16.5
9 0.6 24.6
10 0.8 359
11 1 50.3

Second-order regression anaysis (S(8) = A6+ B6 + C)

A (62 coefficient) B (6 coefficient) C (constant term)
43.2022 -2.3227 9.9646
correction result
00 (real tilt 0°, offset) 0.027 deg
S_min (minimum signal value, 9.93
. channeling axis)
recipe correction tilt target tilt(deg): 7
(target angle + 60)
— Actual setup value (deg) 7.027

3 Blue cell = User input (measurement data/target angle) - Check

= Automatic calculation formula - Yellow = Key result values

Fig. 7 Input value for angle monitoring
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Table 3 TW measurement data after correction

Correction | Theoretical Runl Run2 Run3 Ran

tilt (deg) | value | avg | std | avg | std | avg | std &
1 5314 |54.43] 0.46 [51.49] 0.54 [53.85] 0.6 | 2.94
0.8 37.58 [37.24 043 |37.4] 0.69 [37.87] 04 | 0.63
0.6 2549 25.25]0.76 |25.34| 0.64 [25.83] 0.53 | 0.58
0.4 1685 |16.57] 0.7 [17.13] 046 |16.67] 0.52 | 0.56
02 11.66 |11.81] 0.54 [11.47] 053 |11.64] 1.12 ] 0.34

O(C‘);ie:)“o“ 993 |9.59]0.69|9.91059]9.79 [ 0.42 | 0.32
0.2 11.66 [11.97|0.43 |11.51]|0.47 |11.61| 0.33 | 0.46
0.4 16.85 [16.65| 0.51 [16.86| 1.03 [16.98| 0.58 | 0.33
0.6 2549 125.61] 0.76 |25.71]| 0.83 |25.22| 0.55 | 0.49
0.8 37.58 |37.44| 0.76 |36.96| 0.69 [37.36| 0.66 | 0.48
1 53.14 | 54.3|0.28 {54.05| 0.79 [52.59| 0.68 | 1.71

V-curve : tilt angle vs TW signal (After correction)

20

Fig. 9 Tilt angle vs TW signal (after correction)
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