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ULSI　shrinks every year
according to a miniaturization scaling. Filling Al into large-aspect-ratio contact holes
Background Purpose

with Al-CVD technology
The features of Al-CVD
Against DD-Cu
・No requirement of metal CMP
・Low cost
・High Yield

Against W-plug
・Lowresistivity
・No requirement of metal CMP
・High Yield
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Chemical name:    Methylpyrrolidine:Alane

Chemical formula:  AlH3:N(CH3)(CH2)4

Molecular weight:  115.16

Vapor pressure:    1.6Torr @46℃

Color and Form:    Clear colorless liquid

structual formula

Precursor
Deposition Temp.

Selective Dep.

Carbon Incorporation

Chemical Stability
Pyrophoric

TMA TIBA DMAH DMEAA MPA

230℃ 200℃ 180-270℃ 130-180℃ 95-180℃

Possible   Possible    Possible      Difficult     Possible

High          Low           Low            Low           Low

Yes           Yes            Yes              No            Yes

High          High          High             High         Low

Features of MPA
(1) MPA has alane (AlH3).

There is no Al-C bond.

(2) Al-N coordinate bond strength
MPA > DMEAA

→ Carbon incorporation is low.

→ Chemical stability
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Al-CVD
Thin, Conformal Al

Flow-Al
Thick Al Sputtering
at high Temperature

TiN/Ti-PVD
Barrier Metal Deposition

Process sequence
TiN/Ti
Long Thorow Sputtering
Self Ionezed Sputtering

～100nm
Al seed layer
pure Al

～600nm
Thick Al for fillng
Al-Cu or Al-Si-Cu
Temp.～450℃

Al-CVD characteristic

0 10 20 30
0

50

100

Sputter time [min]

A
to

m
ic

 c
on

ce
nt

ra
tio

n 
[%

]

Al

N

Ti

O

C

Al Film

Auger depth profile
(as depo. 105℃,30Pa)

Al(80nm)/TiN/Ti

Carbon in Al film < 0.1% 
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Ea=0.20-0.23eV
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Filling characteristic
Flow-Al/Al-CVD/TiN/Ti

Aspect Ratio: 8
Diameter: 0.1µm

The hole is successfully filled.

Al Surface
Relative Reflectance for Si
208% @480nm

3.0µm

Cross section
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Al-CVD/TiN/Ti
Conformal Deposition

Conformal Depo.
is required to filli the holes.

IRAS analysis
IRAS: Infrared Reflection Adsorption Spectroscopy
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The schema of IRAS equipment
Spectra
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The adsorbed Al-H was observed.

IRAS spectra
s-polarization: Gas
p-polarization: Surface＋Gas

T=50℃, Ptotal=0.8Pa

Tsub=R.T., Ptotal=0.2Pa

TiN/Ti/SiO2

Gas phase spectra

Al-H peak
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TiN/SiO2/Si
Tsub=R.T.
Ttotal=0.2Pa

TiN/SiO2/Si
Tsub=100℃
Ttotal=0.2Pa

Adsorption at R.T. Deposition

The surface morphology changed.
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Adsorption on
    underlayers at R.T.

Tsub=R.T.
Ttotal=0.2Pa

The amount of
Al-H was different.

Tokyo Institute Technology, Precision and Intelligence Labolatory, Masu Lab.

The contact holes of diameter 0.13mm with an aspect ratio of 8
           can be successfully filled by the Flow-Al/Al-CVD technology.
The adsorbed Al-H on substrate surface is observed, 
          and the amount of Al-H is different depending on the underayer.
The Al-H peak change during deposition.

Analyze surface reaction by IRAS

Obtain conformal Al film
Investigate into deposition mechanism

Improvement of Filling capability
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