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Semiconductor Doping
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& Doping of Semiconductors
1 1B 1 e,
* Semiconductors are not intrinsically conductive
* To make them conductive, replace silicon atoms in the lattice
with dopant atoms that have valence bands with fewer or
more e-'s than the 4 of Si
* If more e's, then the dopant is a donor: P, As

Y The extra e- is effectively released from the bonded
atoms to join a cloud of free e's, free to move like e-'s

in a metal Extra free e-
:Si: Si: Si: -f-\:Si:p:
:Si: Si: Sic Dope : Si: Si

Y The larger the # of donor atoms, the larger the # of
free e-'s —» the higher the conductivity

o Doping of Semiconductors (cont.)
B
* Conductivity Equation: charge magnitude

on an electron
_,O0 = n-+
q/’ln ,\ q/up p\hole

e|€CTf‘°" electron hole densi
mobility density mobility i

conduchvu'ry

* If fewer e's, then the dopant is an acceptor: B

:Si:Si:si: -B. :Si: B :Si:

_ O-

1 Si:Si: Si: Dope . Si @i
A o G

% Lack of an e~ = hole = h*
% When e-'s move into h*'s, the h*'s effectively move in the
opposite direction - a h* is a mobile (+) charge carrier
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Ton Implantation

i Ton Implantation
T~ UGBerkeley

* Method by which dopants can be introduced in silicon to
make the silicon conductive, and for transistor devices, to
form, e.g., pn-junctions, source/drain junctions, ..

The basic process: Charged dopant accelerated
/ to high energy by an E-Field
B+ B+ B+ B+ B+ (e.g., 100 keV)

Control current & l 1' l l

time to control the <— Masking material

dose. B B (could be PR, could be
1 \ oxide, etc.)
X Si \Depfh determined by

energy & type of dopant
Result of I/I ﬂ
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Ion Implantation (cont.)
UG Berkele
Result of I/I @
Damage —> Si layer at
| /S—I top becomes amorphous
% B not in the lattice,
so it's not electrically
Si Sl Si active.
Ion collides with atoms and .
interacts with e-'s in the High Temperature Anneal
lattice—> all of which slow (also, usually do a dr‘:ve-m
it down and eventually stop diffusion) (800-1200°C)

it. Si—— 5i ——si
% Now B in the lattice
& electrically active!
Si——p ——Ssi (serves as dopant)

This is a statistical process — implanted impurity profile can be
approximated by a Gaussian distribution.

& Statistical Modeling of I/I
e
N(x)

Impurity — A Unlucky ions
concentration /Np

w—Avg. ions

One std. dev.
away - 0.61N

2 std. dev.
away — 0,14N,

3 std. dev. 7
away — 0.11N, 4 Distance into Si material, x
Rp A Projected range = avg. distance on ion trends before stopping

AR, A Straggle = std. deviation characterizing the spread of the
distribution.

Copyright @ 2014 Regents of the University of California at Berkeley



EE 143: Microfabrication Technology CTN 10/21/14
Lecture Module 5: Ton Implantation

Analytical Modeling for I/I
N(x)= Npexp[— (X_Rp)j]

2(AR,

[UCBerkeley

-

Mathematically:

Area under the ®
impurity Implanted Dose = Q =JN(x)dx fions /cm?]
distribution curve 0
For an implant completely contained within the Si:

Q=+27N AR,

Assuming the peak is in the silicon: (putting it in one-sided

diffusion form) _ s, we can track the dopant front during a
D =Q ~ subsequent diffusion step.

_ D|/2 (X_Rp)2 where _(ARp)z
Gt el o

I/I Range Graphs
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* R, is a function of the
energy of the ion and atomic
number of the ion and target
material

* Lindhand, Scharff and
Schiott (LSS) Theory:

* Assumes implantation into
amorphous material, i.e,
atoms of the target material
are randomly positioned

* Yields the curves of Fig. 6.1

T T T TTTIT] T T T T 17117

*Roughly proportional to ion
energy R, a ion energy

(some nonlinearties)

s
I

P

Projected range {(um) , R

0.1

and 6.2
sl iy o waauel *Fora given energy, lighter
L. Ac:clcratinr‘ue‘zclgy (keV) . elemen“.s STl"ike Si W“'h
Figure 6.1 higher velocity and penetrate
more deeply
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& I/I Straggle Graphs
17U 816 1. 1 .
T UL r] T T T '/'_l-' . .
_--=""] *Results for Si and Sio,
surfaces are virtually
o0 identical > so we can use
.k these curves for both
i D |
¥ _ o -
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Figure 6.2
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