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High Energy Accelerator
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Schematic drawing of a typical ion implanter
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Beam trap

Wafer in process chamber

High-Voltage Accelerator (Up to 5 MeV)

Force on charged particle F = q(\‘/ X E)

2mV
qr’

M agnetic Field ‘E‘ -

1 L
Implanted Dose =—— Nl(t)dt
p Q qu(fl()d

m=mass
V= velocity

V =acceleration potential
A =wafer area
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Overview

A Wafer is Target in High Energy Accelerator
Al mpurities fiShoto into Waf e

A Preferred Method of Adding Impurities to Wafers
I Wide Range of Impurity Species (Almost Anything)

I Tight Dose Control (A few % vs. 2B0% for high temperature
pre-deposition processes)

I Low Temperature Process
A Expensive Systems
A Vacuum System
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Mathematical Model

‘ Gaussian Profile
N, —
=
E ¢ (x-R)?
N()= N, exp 2l
g 2DR; U
§ 061N, PoU
- R, =Projected Range
0.14 N, —
P DR, =Straggle
0.011 Ny =

Distance into material, x

Dose Q= fiN(x)dx=+v2pN DR,
0
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Projected Range

T T T T T T LI B N |
E
2
Q
&)
g
o]
Q
3
g
A

001 L 1 T N || 1 L L S T N |

10 100 1000
Acceleration energy (keV)
(a)

© 2002 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This
material is protected under all copyright laws as they currently exist. No portion of this
material may be reproduced, in any form or by any means, without permission in writing
from the publisher.

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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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,
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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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Selective Implantation
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' vy . Contoursof equalion concentratiorfor animplantation
Ay = UL 0 ang 0 0
L0 . into silicon through a 1-mm window. The profiles are
Lo symmetricalaboutthe x-axis andwere calculatedusing
Y = Distance from window center, y (um) the equationabovetakenfrom Ref. [3].
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Selective Implantation

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

N(Xo) << Ng

Impurity concentration, N(x)

or
<
N(X,) < Ng/10
Ng
FIGURE 5.5
% Implanted impurity profile with implant peak
& : o 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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Selective Implantation

A
Si0, Silicon
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5 TABLE 5.1 Values of m for Various Values of N /N,.
)
=
= N,/Ny m
3
= 10! 3.0
112
Ny 10° 3.7
10° 4.3
L NV(X)) 10" 4.8
% 10° 5.3
& ! > 10° 5.7
O R, X,
Depth, x
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Junction Depth

Impurity concentration, N(x)

=
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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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Channeling
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