Impurity Diffusion

 Diffusion: An old concept whose
mathematics have been worked out for a
long time.

 Diffusion: A concentration gradient will
cause a force to redistribute particles until
there Is no concentration gradient.

e Uses: Drain and Source regions for MOS,
active regions for BJTs



Impurity Diffusion

It IS ideal for batch processes.
It does not induce crystal damage

Diffusion is very useful for p and n type
doping in Si.
Diffusion in 1lI-V(GaAs, InP) is limited to

Zn diffusions for p+ layers for ohmic
contacts.




Impurity Diffusion

 Diffusion does not give you as exact control
over doping concentration and junction
depth as does ion-implantation, but it is an
Inexpensive process.

e lon-implantation can place oxygen ions
under the surface of Si which can be turned
Into SI02.

e lon-implantation can place a buried layer of
dopant atoms in silicon. 3



Impurity Diffusion (How does it
work?)

o At elevated temperatures impurity atoms
move around the lattice in a random series
of jumps.

— Three dimensional in nature

— Only net movement if there is a concentration
gradient.



Impurity Diffusion (How does it
work?)

« Random series of jumps?

— Interstitial Diffusion: Inpurity atomsump
netween the epty spaces in the semiconductor
attice. This is a fagirocess that Naand LI

use to move around the lattice (Bad).

— Substitutional Diffusion: Ipurity atomsjump
from one vacant lattice site to anacknt
lattice site. There are not maaf these vacant
sites so thisype of diffusion is slow.




Dopants used for Si diffusion

e Arsenic

— Low misfit factor which leads to ¢in n-type
concentrations. Also has an aprrdoping
profile.

 Phosphorus

— Most common diffusion dmnt source. It does
not make as abptijunctions as arsenic.



Dopants used for Si diffusion

e Boron
— Used fomp andp+ diffusions

e Aluminum

— Annealed into Si to maket/p(boron) ohmic
contacts.



Lateral diffusion

* At the beginning of the diffusion process,
there Is no concentration gradient in the Si.

* As soon as there are impurity atoms in the
Si, there Is an impurity gradient in all
directions thus diffusion occurs in all
directions.

e This causes impurities to diffusion
underneath the mask. (not so the ion-
Implantation) 3



Types of Diffusion

e “Infinite Source” or Pre-deposition
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Types of Diffusion

e “Limited Source” or Drive-in
Doping concentration «
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Exanple #1

e Starting with n-type Si<100>, I¥10cnT?,
how long do we need to to a “infinite
source” B diffusion at 100C to make a
junction depth (3 equal to .5¢10* cm?
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Exanple #2

e Starting with p-type Si<111>, [$10%cn3,
how deep will the junction depth;{r cm)
If we do an “infinite source” Pre-dep
diffusion at 1006C for 10 minutes?

* What will be the junction depth (x cm) If
we do an “finite source” drive indiffusion
at 1000C for 30 minutes?
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