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Abstract

This paper reports the investigation of MOCVD (Metal

Organic Chemical Vapor Deposition) TiN. and IMP

(Ionized Metal Plasma) Ta and TaN thin films as barrier

layers for copper metallization. Evaluation of both

deposition techniques including step coverage, Cu
adhesion, Cu diffusion and selectivity regarding Cu-CMP

_process have been performed. Successful implementation
with copper metallization in high aspect ratio line and via

patterns is reported.

Introduction

As circuit integration density continuously increases,

interconnection size is predicted to decrease both in vertical
and lateral dimensions. Unfortunately, intrinsic properties

of the materials currently used for interconnection such as

resistivity and electromigration performance do not allow
an optimal scaling. This explains the growing interest in
copper for overcoming limitations of the conventional
aluminium based alloys (1,2). The two most critical aspects

for integration of copper metallization are the optimal
choice of diffusion barrier material — the Cu diffusion in the

active areas resulting into degradation of the devices- and
diffusion bam'er material and copper deposition techniques.

The barrier layer should meet stringent requirements: the
thickness has to be small enough to not impact interconnect

resistance while still acting as a good barrier against Cu
diffusion. Several barrier materials have been reported as

good candidates. TiN barrier, currently used with Al-based
metallization, has shown convenient results (3). However

other papers suggest that Tantalum and Tantalum nitride
could be the best choice. In this work a comprehensive

comparison of the TiN, Ta and TaN perfonnance was
carried out with regards to Cu integration. A variety of
solutions have been developed to deposit copper : Ionized
Metal Plasma, CVD, combination of these techniques and
the new electroplating method.

o1’7%S§—l383f2lé‘8/$10.00 © 1998 IEEE

Experimental

A. Barrier Materials

An Applied Materials Endura system using IMP (Ionized

Metal Plasma) was used to deposit Ta and TaN barriers.

Prior to film deposition, wafers were degassed at 350°C

and sputter cleaned using a standard AMAT PCII reactor.

CVD TiN was performed in P5000 reactor using TDMAT

precursor with successive steps of deposition and plasma
treatments.

B. Copper Deposition Equipment

IMP copper used as a seed layer was deposited on an
Endura system. The Chemical Vapor Deposition of copper

was performed in a Precision 5000 AMAT cluster tool.
Two CVD chambers are available, one for copper

deposition and the second for TiN-CVD. Copper was
therefore deposited on TiN barrier, without vacuum break
between TiN. The cluster equipment allows a clean and

reproducible TiN/Cu interface. Copper Electroplating on
various seed layers was perfonned on a Semitool Equinox

system using pulsed current in order to achieve uniform
films with high deposition rates up to 400 nm/min.

C. Chemical Mechanical Pulisluhg

Polishing experiments were carried out on a PRESI
MECAPOL 550 polisher, using a RODEL ICIOOO pad
stacked on a SUBA IV pad. The sluny is alumina—based
and has to be mixed with hydrogen peroxide oxidizer prior

to use (5). _

Copper and barrier removal rates (RR) were deterrmned by
polishing respectively Cu, TiN, Ta and TaN blanket wafers.
Barrier layer selectivities were calculated by the following
formula: Selectivity = Copper RR / Barrier RR.
Planarization performance was investigated on topological
wafers with copper line widths and oxide spaces varying
from 03pm to 100nm.

IITC 98-295
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Figure3b. Electroplated Copper Film afier CMP

C. Chemical Mechanical Polishing

Barrier versus copper selectivity determined on full sheet

wafers are reported on table I. Unlike TiN, Ta and TaN

removal rates are much lower than copper removal rate.

The elimination of these barrier layers was investigated on

topological wafers. The 40nm TiN layer was entirely

removed while keeping acceptable copper dishing and

oxide erosion effects. The high selectivity of Ta and TaN

barrier layers was confirmed on topological wafers. To

quantitatively determine this effect, a thick Ta barrier layer

(l00nm) was used. After polishing using the same

conditions than for the TiN barrier layer, the remaining Ta

barrier thickness was measured by SEM. As shown on

figure 4, less than 5nm of the barrier layer were removed,

demonstrating the excellent CMP stop layer capability of
Ta material.

Page 14 of 14

 
Figure 4. Copper CMP with Ta barrier

(0.3 pm line width / 0.3 pm oxide space)

Conclusion

A variety of solutions for 0.25pm copper interconnect

technology have been developed. Complete via filling was

achieved by combination of CVD and IMP techniques, and

by electroplating deposition. A comprehensive comparison

of TiN, Ta and TaN materials as barrier layers for copper
metallization has been carried out, as these three materials

proved to block copper difiiision. TiN was suitable for

usual CMP process, involving removal of the entire metal

stack during polishing. Ta and TaN barriers showed

excellent CMP stop layer capabilities. Therefore, these new

materials can lead to a novel CMP approach, in which the

barrier layer is used to prevent from oxide erosion.
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