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Film Deposition

Thin Film Deposition
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Dipping

PVD: Physical Vapor Deposition
CVD: Chemical Vapor Deposition
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PVD vs. CVD

Physical process Chemical reactions
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PVD
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Vacuum Basics

= Units

1 Pa =1 N/m?

1 atm = 760 torr = 760 mm Hg = 1.013*10° Pa
1 bar = 10° Pa = 750 torr

1 torr =133.3 Pa
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Vacuum Systems

vacuum ~ 1010 Pa
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MBE: Molecular Beam Epitaxy
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Vacuum Pumpdown

Volume Gas

Surface Gas
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Vacuum Pumpdown

Pumpdown Zones
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Evaporation
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Q: Why do we need the vacuum?
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Evaporation

® Reduce the impurities (N,, O,, H,0, ...)

= Prevent oxidation SUbE"E‘teg'
7 e.g.Cu+0,->Cu0O LR ASES
Source-._ ™. "\
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= Ballistic transport

o molecular mean free path A i
d 0.5
A=— 2 A (cm) ~
V2’ p pressure (Pa)

Q: Required pressure? 10
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Mass Transport
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Mass Transport

Deposition

Downward
funneling

Nucleation

absorption - movement - desorption
12
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Evaporation Rate

Langmuir-Knudsen Theory

100§|||||||"|"'|""|l||||§

R,,, =95.83% 1074 \/?Pe 10_1;_ Na _
R.,.p: Evaporation rate (g/s) ‘z';' 10_;

A.: area of sources (cm?) j%i 10_5 _

m: molecular weight (g/mol) 10_3 n

T: temperature (K) 10-;. A .Ti. - I'VI'OI , m/

o

500 1000 1500 2000 2500
P.: vapor pressure of sources Temperature (°C)

(Torr) (not chamber pressure) 13
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Evaporation Sources

Location of source which
behaves like an ideal point
source

Location of source which
behaves like an ideal small
area surface source

(a) UnifurEn (isotropic) (b) ldeal cosine emission (¢) Non-ideal, more
enlission from a from a small planar anisotropic emission from a
point source surface source. small planar surface source.
(n=11incos"® (n>1incos"@
distribution) distribulion)

14
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Deposition rate

Question:
1.R,: Ry =7? A
2.R,:R.=7?

- Ideal cosine emission
from a small planar
surface source.

15
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Effects of Substrate Temperature

Zone 1 | Zone T | Zone 2 Zone 3
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diffusion)
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Higher Temperature
-> Larger Atom Mobility
-> Larger Grain Size 16
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MBE: Molecular Beam Epitaxy

UHV-MBE-X

Rotatable
Manipulator

_— Ultrahigh Vacuum
Gauge High Substrate Temperature
Lattice Matched Substrate

Mass _
Spectrometer /

High Quality,
Single Crystal Films

Cryopanel
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Step Coverage

Incident atoms

lll A

é: coverage
T~

Xing Sheng, EE@Tsinghua

N Substrate rotation and
heating improve step

18
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Challenges of Evaporation

= Materials with high melting points / low vapor
pressure
5 W, Mo, SiO,, ...

= Compounds and alloys (non-stoichiometry)

1 FeCoB alloy
a7 TiO, -> TiO,

" Radiation damage generated by Ebeam
0 electron beam and X-ray radiation

= Poor step coverage
o via filling

19



Sputter (J&57)
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" Plasma (e.g. Ar) assisted transport
o high energy

a0 high deposition rate

—  Substrate and film growth

sputtering
a8 ———— o

V] 7

oo O
o ©

Copper in Ar

! .

— Sputtering Target

Plasma
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Co-Sputter
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" Deposit more than one material
0 composition control

[ Heater
dﬂéﬂfh-i Carrier
P 4 Plasma

Art € Arth L /

@ Target

Magnet Control electronics
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Sputter: Pros. & Cons.

" Advantages

a
a
a
a
a

Higher pressure than evaporation
Higher deposition rate

Better uniformity and step coverage
Better stoichiometry control

Work for most materials

" Disadvantages

a
a
a
a

Plasma induced damages (etching)

More impurities and defects

Not good for single crystal epitaxy

Mostly polycrystalline and amorphous films

Xing Sheng, EE@Tsinghua
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Sputter
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" Process Parameters

Type: DC, RF/AC, Magnetron, ...
Substrate temperature

Gas type (Ar, O,, N,, ...)
Chamber pressure

Sputter power

o o a o a g

= Control Parameters
Deposition rate
Crystallinity

Film quality (defects, ...)

g 4 a a

23



Deposition Rate

Base Pressure

Sputter

Sputtering Process Trend for typical metals and films

Sputtering

N1
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Pressure
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Substrate RF

Bias

Stress
(+ tensile, ' l l
- compressive)

2™ prder effect
Step Coverage/ depending on ﬁ
Sidewall coverage geometry

Can cause ra-dep onto
sldewalts theu colfisions

- | |01

N
Y

2™ arder effect

2 arder effect

Resistivity with substrate or | with some films
target heating on | by changing
some films density or stress

Legend

Strong increase

in response
Strong decrease
in response

@ 7y

Slight increase
in response

Slight decrease
in response

<:> Typically no
response
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Thornton's Zone Model

Transition mosphology:

na I-uﬂg.r;ngr e ture Cobumnar crystalline
by Tha manometer grain rucIure
lengahsCake

Flﬂr:m.alll:r-u;'d crystalling

Matchstack manphalogy: Grain structiune

parallel columns with
damed 1ops
CiTed far STFS)

Porous monpholodgy:
tapered columns
separated by woids

J. A. Thornton, Ann. Rev. Mater. Sci. 7, 239 (1977) 25



Xing Sheng, EE@Tsinghua

Refined Zone Model

recrystallized grain structure
f Jis

zone 3

columnar grains

cutout to show structure

fine-grained,

regionnot & t* nanocrystalline,
accessible with preferred
AN orientation
0.1
porous,

tapered crystallites
separated by voids
tensile stress

| densly packed
fibrous grains

transition from tensile (low E*) to

compressive stress (high E*) line separating

net deposition

region of possible region not 10 E* and net etching
low-temperture accessible
low-energy ion-assisted
epitaxial growth o

reduction of deposition by sputtering

A. Anders, Thin Solid Films 518, 4087 (2010) 26



Evaporation vs. Sputter
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Evaporation:

- higher temperature
- radiation (Ebeam)

- lower pressure

- poor step coverage

heated coating
material
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Sputter:

- lower temperature

- plasma damage

- higher pressure

- better step coverage

—  substrate and film growth
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Step Coverage

Sputterin Evaporation
L\’l) p 5 P

W

surface reaction » ballistic transport
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Film Adhesion
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= Al has good adhesion on Si and SiO,
o Al has high solubility in Si
5 Al + Si0, = ALO, + Si

Al » ) U
S|02 >
—
Si : ]
Q: How about Cu and Au?

29



B Xing;Sheng, EE@Tsinghua

Film Adhesion

solubility of metals in Si

a0 GO0 TOO O BOO 900 1000 1100 1200 1300 1400 1500
Temperature (" C)

30
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Film Adhesion

Ellingham diagram
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Film Adhesion

Metals like Ag and Au tend to have poor adhesion on
Si and SiO,

Substrate clean
Deposit a thin (~5 nm) Ti or Cr layer for adhesion
Plasma treatment

Monolayer bonding

32
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Typical Ohmic Contacts for llI-V

= GaAs
n p-GaAs Be/Au, Ti/Pt/Au, ...
0 n-GaAs Ge/Ni/Au, Pd/Ge, ...

= GaN
7 p-GaN Ni/Au
7 n-GaN Ti/Al/Au

Schottky contact
&' sees L.
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Metal memiconductor

I
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Ohmic Contact

Ohmic contact

Schottky
diode

seeese FE

FFF+F

EFm """"""

Metal

memiconductor

05V 07V V,

pn junction
diode
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Thin Film Patterning

Define Resist Deposite Layer

Define Resist

Resist

Etch Layer

Strip Resist

Strip Resist
Resist / Deposition / Strip Sequence of Lift-Off

Deposit / Resist / Etch / Strip Sequence of Etching

34
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Requirements for Liftoff

= Avoid Step Coverage

= PVD instead of CVD

n avoid high temperature

"= Photoresist (PR) process
0 negative PR preferred (Why?)
0 increase PR thickness
o multilayer PR

.
resist _r

substrate

L Metallization

ua

35
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Focused lon Beam (FIB) Deposition

Focused electron beam in SEM maChine

GIS
Decomposed gas
@ o
Q90 °
Q@ 0 Q * Focused ion beam (Ga’)
o © f
9 o ,
Q 80 800" Organic metal

molecules

Substrate world's smallest toilet

Etch: Ga
Deposition: Pt 36





