Section 5: Thin Film Deposition
part 1 : sputtering and evaporation
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/ Vacuum Basics \

1. Units
— 1 atmosphere = 760 torr = 1.013x10° Pa
— 1bar= 10°Pa =750 torr
— 1 torr =1 mm Hg
— 1 mtorr = 1 micron Hg
— 1Pa = 7.5 mtorr = 1 newton/m?
— 1torr =133.3 Pa

2. ldeal Gas Law: PV = NKT
— k=1.38E-23 Joules/K
= 1.37E-22 atm cm3/K
— N =# of molecules (note the typo in your book)

\ — T = absolute temperature in K /
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/ 3. Dalton’s Law of Partial Pressure \

For mixture of non-reactive gases in a common vessel,
each gas exerts its pressure independent of others.

Piotal =P1+ P2+ ... +PN (Total P=Sum of partial pressure)
Ntotal = N1+ N2+ ... +NN

P1V = N1kT
P2V = NokT
PNV = NNKT
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/ 4. Average Molecular Velocity \
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where m = molecular weight of 05
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/ 5. Mean Free Path between collisions \
kT
\/E nd” P

where n = molecular density = N/V,
d = molecular diameter

6.6 0.05

Note] For air at 300 °K, A = — = (i
[Note] For air a ! P(in Pa) ~ P(in torr)

with A in mm
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/ 6. Impingement Rate \

® =4# of molecules striking unit surface /unit time.

P in #/cm2-sec
X [MT  with P in torr, M is the
molecular weight

=3.5"10%°
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Question

How long does it take to form a monolayer of
gas on the surface of a substrate?
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/ Thin Film Deposition \

Physical Methods Chemical Methods

Evaporation Chemical Vapor Deposition (CVD)

Sputtering \ / Atomic Layer Deposition (ALD)

«— film

substrate

Applications:

Metalization (e.g. Al, TiN, W, silicide)
Poly-Si

\ dielectric layers; surface passivation/
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/ Evaporation \

wafer wafer

depos/it‘ed depoéited Al vapor
Al film Al vapor Al film
\ } / ;
Al
i ”}@
, crucible is

'} _ T water cooled
eating
hot boat (e.g. W) @
electron
source
Thermal Evaporation Electron Beam Evaporation

\ Gas Pressure: < 10° Torr /
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/ Evaporation: Filament & Electron Beam \

[ heater

m (a) Filament Evaporation
T

with Loops of Wire

o Hanging from a Heated
L Filament
(a)
Electron beam (b) EIeCtron Beam iS
,L::-".:x Focused on Metal
Mt T N Charge by a Magnetic

Field

crucible

Filament
(b)
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/ Sputtering \

—__ Negative
| Bias ( kV)

[ T T lr Al target Example:
DC plasma
p
Deposited Al film

+— Ar plasma
: |
|T N T~ heat

wafer substrate to
~ 300°C (optional2l)

OO

Gas Pressure =1-10 m Torr
Deposition rate =constant e | ¢ S ——sputtering yield

/
\ lon current
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Plasma Basics

Electron cloud surrounds the

P nucleus with18 negative electrons

= ; Nucleus,18 positive protons
. and 18 neutral neutrons

lonization - a collision with an energetic
particle causes an electron to be lost or
gained by an atom resulting in an atom

with a net electric charge, i.e., an ion.

Ground state atom - an atom with an
equal number of negative electrons
and positive protons, i.e., no net charge
(Argon shown).

lonized atom
+18 (protons)
- 17 (electrons)
= +1 (positive)

® Electron ejected
from the atom

Neutral atom
+18 (protons)

- 18 (electrons)
= 0 (neutral)

.

High energy
electron
Upper
electrode l—
a— — Plasma - a low pressure
= .
Electrons — - o e® | gas where a high energy
e- ®  -. @ -@ _—— Power fieldisused todrive
lons—pa® = 8 =gl ——  supply ionization creating a large
e -® ® number of ions and free
electrons.
Lower [==
electrode

/
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Basic Properties of Plasma

» The bulk of plasma contains equal concentrations of ions and
electrons.

 Electric potential is = constant inside bulk of plasma. The
voltage drop is mostly across the sheath regions.

» Plasma used in IC processing is a “weak” plasma, containing
mostly neutral atoms/molecules. Degree of ionization is ~ 10-3

\

/
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Outcomes of Plasma bombardment \

Reflected ions
Incident and neutrals
Secondary
electrons
Sputtered
atoms
Surface
Substrate
damage

Implantation Sputtering /
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/ Sputtering of Compound Targets \
AB, ]
/
Al
|::> AﬂUX 7
:> Bqux
Because S, # Sg, Target surface will
target acquire a composition Ax'By’ at steady
state.
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/ Reactive Sputtering \
Ti Target
Example: Formation of TiN
o Sputter a Ti target
with a nitrogen
plasma
Ti, N,*
\ / TiN
\ Substrate /
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/ Step Coverage Problem with PVD \

» Both evaporation and sputtering have directional fluxes.

\\Flux “geometrical
film N

shadowing”

step AN

RSN film

\_ /
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/ Step Coverage concerns in contacts \
_\

N \\//Step Coverage

Low adatom mobility and Heated and rotated
nonrotated

\_ /
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/ Methods to Minimize Step Coverage Problems \
» Rotate + Tilt substrate during deposition

 Elevate substrate temperature (why?)

» Use large-area deposition source

Sputtering Target

- = /
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/ Advantages of Sputtering over Evaporation\

*For multi-component thin films, sputtering gives better composition
control using compound targets. Evaporation depends on vapor
pressure of various vapor components and is difficult to control.

*Better lateral thickness uniformity — superposition of multiple point
sources

Sputtering Target
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Superposition of all small-area sources

Profile due to one
small-area source
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