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« ALD 2004 review

o ALD 2005 review

« Copper film purity versus surface activation (SA) c onditions
o Optimized SA processes

« Patterned structure results using SA

« Use of highly stable copper precursors with SA

e Conclusions
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ALD 2004 review

Deposition Conditions
Wafer (75 nm Au/Si) temperature: 120 °C
*Precursor temperature: 50 °C
*Chamber pressure (He carrier) ~200 mgsw.es

*Deposition protocol: |

*CuL(VTMS)/purge/ cu  H
diethyl silane/purge NN
(56 cycles) N |

*ESCA analysis (thickness: ~164 A):

New family of oxygen/halogen-free copper(l) ALD pre  cursors
giving good quality films under mild process condit lons
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ALD 2005 review

New Deposition Conditions /
* Au on Si substrate ‘

Wafer and precursor temperature: 60 °C CL
Chamber pressure 150-300 mtorr N, \N/\(

Deposition protocol ‘ |
* TMPI/purge/CuL(VTMS)/purge/diethyl /\/
silane/purge (100 cycles) \ \

ESCA analysis (film thickness: ~75 A):
Cu(0) TMPI: HN=C(t-butyl),

Thompson, WO 2006033731

pKa-difference-driven proton exchange

produces high gquality films under
exceptionally mild conditions
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SA mechanism

add SA
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clean surface

ligand exchange

[Cu(l) surface bound species confirmed by ESCA]
Reduction to Cu metal

Volatility & stability of the copper precursor is d ecoupled

from the reactivity of the surface-bound copper spe cies
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TMS
Deposition Conditions _/
e Au on Si substrate
« Wafer and precursor temperature: 50 °C \ 5 \ / // \

N
Chamber pressure 150-300 mtorr /
Deposition protocol pyrazole
» pyrazole/purge/CuL(VTMS)/purge/

dimethyl silane/purge (85 cycles)
ESCA analysis:

Film thickness: 876 A
(~10 A/cycle)
Rough film

SA agent is surviving __ the process cycle,

and being regenerated during reduction
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SA process optimization

Deposition Conditions N1s Montage

 Ru on Si substrate View

Wafer and precursor temperature: 45 °C

Chamber pressure 150-300 mtorr

Deposition protocol

1 pyrazole pulse, then CuL(VTMS)/
purge/dimethyl silane/purge (100 cycles)

ESCA analysis (film thickness: ~166 A) : O1s Montage

View

A correctly-chosen single dose  of SA

agent gives very high quality films
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SA for patterned substrates

Deposition Conditions
* Ru on Si substrate
« Wafer and precursor temperature: 45 °C
» Chamber pressure 150-300 mtorr

- Deposition protocol <—substrate
* 1 pyrazole pulse, then CuL(VTMS)/ < gold coating
purge/dimethyl silane/purge (100
cycles)
_ 12 nm
« ESCA analysis (flat substrate): I I
<4——copper

Excellent conformality
& uniformity in

patterned structures,
superior to non-SA
processes
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SA with stable copper precursors

Deposition of Cu Film
* Ru on Si substrate

« Wafer and precursor temperature: 95 °C ||-| W
* Chamber pressure 150-300 mtorr N~ /
» Deposition protocol / N\ N\C /N
- 1 pyrazole pulse, then CuL(VTMS)/ u
puprye/dime?hyl sHane/purgé (100 ) P N ¥N/ \N—/

cycles)
* Analysis of Cu film by ESCA M
« copper is Cu(0), thickness: ~30-40 A

« TOF-SIMS of ESCA crater:

SA enables copper
deposition with an
otherwise completely
unreactive precursor by

conventional ALD — a
potential solution to the
storage stability issue with

masked unmasked Cu(l) precursors
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Conclusions

*Copper(l) beta-diketimine complexes show unique
properties as ALD precursors.

*The high basicity of the diketimine ligands enables a
novel surface activation step to further improve pr 0CessSs
and film performance.

*\When properly optimized, surface activation requires
minimal process time, and generates pure, uniform, and
conformal copper films.

eSurface activation also enables copper deposition
processes with stable copper(ll) precursors which a re
otherwise completely unreactive.

eSurface activation is extendible to precursors of o ther
metals of interest in IC interconnect applications.
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