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Offset Texture

- definition and description
- texture inheritance

Experimental

- Al{CuU)/Ti on interlevel dielectric (ILD) layers
- Characterization. XRD, TEM, SEM, AFM

Surface Offset Distribution (SOD)

- calculation using AFM data

Link between SOD and Offset Texture

- praises and pitfalls



v

Thomas J. Watson Research Center

]

Texture Inheritance
[111]

(111) Al

Substrate

Substrate

= Al on Interlevel = Ti underlayer on ILD
Dielectrics (ILD) - sharpens Al {111} texture

- offset in maximum - grain boundary orientaiton
{111} texture from

substrate normal
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Proposed Effects of Ti
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Motivation
Deposition Surface e t
Morphology - ;

- Effects of roughness
oh microstructure

Ti Underlayer

- Effects of epitaxy
- surface energy

Ast | (<R), roughness effects )
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Al (0.5% wt. Cu) Si (100}

150 C, 350 C ILD

AFM RMS
150 C ) Roughness
Si (100) Silicon Nitride 0.16 nm
SiLK™* 0.45 nm
. _ , PSG 1.2 nm
Applied Materials Endura 5300 (3 x10” Torr) Silane Oxide 2.4 nm
FVD Al{Cu): 4 mTorr, 12.7 kW, 1 pm/min Polysilicon 23 nm

PVD Collimated Ti: 1.5 mTorr, 7kW, 33 nm/min

* The Dow Chemical Company
Midland, Mi
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0-20 vs. Texture Measurements
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W(111) Fiber Texture Scenarios
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Normalized Intensity

Offset [near-(111)]
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Results - Offset Texture
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W Results - Effects of Ti

500 nm AI{Cu)/Ti (200) Fiber Plots
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= removes Al{Cu) offset texture Al(Cu)

= epitaxial template




W Texture Inheritance (150 °C)

500 nm AI{Cu)/Ti (200) Fiber Plot
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Texture Inheritance (350 °C)

200 nm AI{Cu)/Ti (200) Fiber Plot 500 nm Al{Cu)/Ti (111) Fiber Plot
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v offset in (111)-oriented grains v better resolution of offset



V Linking Surface and Offset Texture

Substrate
Nomal

L ocal Al atoms

Surface
Nomal /
. & ILD
Ti
Increasing
Deposition Time

Yar (= YVarai)

Early in
Deposition

low Al surface diffusion {low T)

higher Al surface diffusion |

- faceting of Al grain surfaces
- reduction of surface energy



WSurface Offset Calculation

At each point on surface:
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VW Surface Offset Distribution

PE-TEOS / Si (100) wafer
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Results - Al (111) Offset on TV/ILD
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V Limitations
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What affects threshold roughness 7

Physical Experimental
- lateral extent of roughness, L - ability to resolve offset
vs. grain size, D - AFM tip convolution
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Summary & Future Work

Offset Texture

- Grain surface faceting

Al(Cu)/Ti on ILD

- Epitaxial template

Surface Offset Distribution {(SOD)
- Al{Cu)/Ti offset texture < ILD roughness

In-situ Growth

- Development of terraces, coalescence

Implications for Cu
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