Interdiffusion, Reactions,

and Transformations In
Thin Films

can be quite different as
compared: tor bulk material



An example

t~ L2/ 4D D - diffusivity, [cm? / s]
Consider Cu-Ni film couple at 300 °C. D=3.8 102 cm?¥/s

t LE/ 4D = (10—5)2/ 4-3 8-10-24 = 100 nm

6.6 "101<s = 200 000 years % ﬁ
NI

In reality however, it takes about an hour




Fundamentals of Diffusion

In gases:
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Q, in O,

sugar in
water

Mobility 2, force = dnft
velocity 4 of jons

Time of equalization




Diffusion
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1-st Fick’slaw: J = —DE: Limited source diffusion (Drive-in):

Continuity:
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2-nd Fick’s law: E-Da—xz




Diffusion I\/Iechanlsms

(act,wa,.iﬁn- mec,-_anlsm for diffusion)

o Lattice: _

#n, =D I*(dC / dx)
1., = 8D, 1 (dC 1 dx)
n, :‘A.:iDdlzpci (dC/ dr)




1ISOIN

Compar

o
o2
©
w
<
o
o
o
Q
@
w0
T
o~
o




Compound Formation

y COMPOUND

Flux into interface = C,v — D,(dC,/dX);,

Flux away from interface = C,v.




Thermal Oxidation of Si
(gate-oxide dielectric for field-effect transistors)

QUARTZ TUBE resistance § Dry oxidation: Si(solid) + O, — SiOx(solid)
ICLEAN Gnnmh Steam oxidation: Si(solid) + 2H,0 — SiO,(solid) + 2H,

9z

SILICON SLICES il Oxidation involves:
\ 1100 — 1200"C)
e transport from the gas

e diffusion of O, through the growing

03 + STEAM : ; _
FAST GROWTH) solid oxide film
e chemical reaction at the oxide-Si
Oxygen :
interface

Cq: in the gas
J; D (C Cn)-"dn Cy: gas/Si0,
J. kO C;: 810,/8i

CEF

hs: mass-transport L =————> — —
D: diffusion through 810, + 1+ k;z:' / h.::; + kE."dI] / D)
k-: reaction rate d(d) kC
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dg: thickness of oxide

/ dt B M:I

1300
» 1200
& 1100
8 1000 *C
* 920°C
o BOO*C
@ TOD*C




Si Oxidation Problems

Oxide expansion

{a)
FIGURE 3.12

Cross section depicting process sequence for local oxidation of silicon {LOCOS): (a) semirecessed
and (b} fully reeessed siruciures.

Oxide quality 1ssues:

* Breakdown voltage 5-10 MV/cm
* [cakage

* Trapped charges



n-p and p-n
junctions : = - %
o —. By ion implantation
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Mixing Materials

Co-evaporation Multilayers + annealing

thickness monitor

. . (.J feedback




Phase Transformations

Amorphous phase — crystalline
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Mass Transport
Under Driving Forces




Electro-migration

Concerns: circuitry failure
» open circuit where voids appear

-+ & +
OO0 O @) = short circuit where hillocks are built

- ¥ &

» failures take time to develop, and are
0O OO p
O O therefore very dafficult to detect until it happens.
% )
OO0

a.

mostly along the grains!

TEMPERATURE
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Electro-migration can be prevented by:

1) proper design of the device such that the current
densitieg in all parts of the circuit are limited;

2) increasing of the grain sizes of the metal lines such
that these become comparable to their widths

3) deposition of thin films placed over the metal lines
to suppress extrusions caused by electro-migration.




