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Ion Implantation
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High-Voltage Accelerator (Up to 5 MeV)

Force on charged particle F= q(v x ﬁ)
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m = mass
v= velocity
V = acceleration potential

A =wafer area
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Ion Implantation

Overview

« Walfer 1s Target in High Energy Accelerator
e Impurities “Shot” into Wafer

e Preferred Method of Adding Impurities to Wafers
— Wide Range of Impurity Species (Almost Anything)

— Tight Dose Control (A few % vs. 20-30% for high temperature
pre-deposition processes)

— Low Temperature Process
« Expensive Systems

* Vacuum System
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Ion Implantation

Mathematical Model
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Gaussian Profile
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AR =Straggle
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Ion Implantation
Projected Range

FIGURE 5.3

Projected range and straggle calculations
based on LSS theory. (a) Projected range
R, for boron, phosphorus, arsenic, and
antimony in amorphous silicon. Results
for SiO, and for silicon are virtually identi-
cal. (b) Vertical _R,,and transverse _R,
straggle for boron, phosphorus, arsenic,
and antimony. Reprinted with permission
from Ref. [2]. (Copyright van Nostrand
Reinhold Company, Inc.)
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Ion Implantation
Straggle
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FIGURE 5.3

Projected range and straggle calculations
based on LSS theory. (a) Projected range
R, for boron, phosphorus, arsenic, and
antimony in amorphous silicon. Results
for SiO, and for silicon are virtually identi-
cal. (b) Vertical _R, and transverse _R,

0.01

Normal and transverse straggle

0.002 ) | , . straggle for boron, phosphorus, arsenic,
10 100 1000 and antimony. Reprinted with permission
Acceleration energy (keV) from Ref. [2]. (Copyright van Nostrand
(b) Reinhold Company, Inc.)
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Ion Implantation
Selective Implantation
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N(x) is one - dimensional solution

Figure 5.4

Contours of equal ion concentration for an implantation
into silicon through a 1-um window. The profiles are
symmetrical about the x-axis and were calculated using
the equation above taken from Ref. [3].
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Ion Implantation
Selective Implantation

e Desire Implanted Impurity
Level to be Much Less
N, | Than Wafer Doping

N(X,) << Ny

Si0, Silicon

Impurity concentration, N(x)

or
N(X,) <Ng/10
Ng
FIGURE 5.5
— N(X,) _ _ o
% Implanted impurity profile with implant peak
& : N in the oxide. The barrier material must be thick
0 R, X, enough to ensure that the concentration in the
tail of the distribution is much less than V.
Depth, x
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Ion Implantation

Selective Implantation
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10N,
X, 2R, +AR, 210 ——L| =R, +mAR,

TABLE 5.1 Values of m for Various Values of N /N,.

N,/Ny m

10 3.0
10? 3.7
10° 43
10* 4.8
10° 5.3
100 5.7
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Ion Implantation
Junction Depth
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FIGURE 5.6

Junction formation by impurity
implantation in silicon. Two pn junc-
tions are formed at x;; and x;,.
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Ion Implantation

Channeling

FIGURE 5.7

The silicon lattice viewed along the {110} axis. From THE
ARCHITECTURE OF MOLECULES by Linus Pauling and
Roger Hayward. Copyright © 1964 W. H. Freeman and
Company. Reprinted with permission from Refs. [4a] and [4b].
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Phosphorus impurity profiles
for 40-keV implantations at
various angles from the axis.
Copyright 1968 by national
Research Council of Canada.
Reprinted with permission
from Ref. [5].
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Ion Implantation

Lattice Damage and Annealing
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* Implantation Causes
Damage to Surface

« Typically Removed by
Annealing Cycle 800-
1000° C for 30 min.

e Rapid Thermal Annealing

(RTA) Now Used for
Lower Dt Product

FIGURE 5.9

A plot of the dose required to form an amor-
phous layer on silicon versus reciprocal target
temperature. Arsenic falls between phosphorus
and antimony. Copyright 1970 by Plenum
Publishing Corporation. Reprinted with permis-
sion from Ref. [6].
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Ion Implantation
Deviation from Gaussian Theory
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FIGURE 5.10

Measured boron impurity dis-
tributions compared with
four-moment (Pearson IV)
distribution functions. The
boron was implanted into
amorphous silicon without
annealing. Reprinted with per-
mission from Philips Journal
of Research [8].
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Ion Implantation
Shallow Implantation
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FIGURE 5.11

Examples of transient enhanced diffusion. SIMS data comparing as-implanted and annealed depth profiles from (a) 3
x 10%cm?,2 keV As*, and (b) 3 x 10'%/cm?, 1 keV P*. Annealing conditions were 950°C for 10 sec. SIMS depth profiles

of 1 x 10"%cm? B implanted at 0.5-, 1-,2-, and 5 keV (c) as-implanted, and (d) after annealing at 1050°C for 10 sec.
Copyright 1997 IEEE. Reprinted with permission from Ref. [13].
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Ion Implantation
Shallow Implantation
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FIGURE 5.11
Examples of transient enhanced diffusion. SIMS data comparing as-implanted and annealed depth profiles from (a) 3
x 10"%cm?, 2 keV As*, and (b) 3 x 10/cm?, 1 keV P*. Annealing conditions were 950°C for 10 sec. SIMS depth profiles
of 1 x 10%/cm? B implanted at 0.5-, 1-,2-, and 5 keV (c) as-implanted, and (d) after annealing at 1050°C for 10 sec.
Copyright 1997 IEEE. Reprinted with permission from Ref. [13].
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Ion Implantation
Rapid Thermal Annealing

High-intensity lamps in light pipes

ololnl

Thermal energy

XXXX]
([XXXX]
([XXXX]
(XXXX]
(XXXX]

((XXXX]

(XXxX
xXxX

Fiber-optic
temperature sensors

Figure 5.12 @)

Real-time
process
controller

*Rapid Heating
*950-1050°C

*50°C/sec

*Very Low Dt

Ao

(a) Concept for a rapid thermal annealing (RTP) system. (b) Applied Materials 300 mm RTP System (Courtesy Apphed Materials)
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