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Introduction

The Oxford Instruments FlexAL® remote plasma ALD reactor, described in detail in Ref [3], was
used for this work. A schematic and photograph of the reactor are included below in figures 1
and 2.

Remote plasma and thermal ALD capabilities within a single system
Enables low temperature ALD processes by using plasma
Maximum flexibility in the choice of materials and precursors

Ability to handle small wafer pieces up to 200 mm wafers

Built in ports for in-situ diagnostics e.g. ellipsometry, RGA, etc

Silicon nitride, silicon dioxide and silicon oxynitride ultra thin films are becoming
increasingly important in the manufacture of semiconductor devices. Si3N4 films at Si/SiO2
interfaces decrease interface traps and improve hot carrier immmunity and improve the
reliability and performance of conventional SiO2 gate oxides. Silicon nitride layers grown by
low pressure chemical vapour deposition (LPCVD) at a wafer temperature of 700 °C are
known to have a high interface and bulk trap density [1]. It has been reported that ALD
Si3N4 films show promise in lowering interface trap property probably due to the low
thermal budget of the deposition process [2].

This work focuses on SiO2/SiNx thin films grown by plasma ALD using different process
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The SiOx and SiNx layers were prepared using two amino-silane sources (BTBAS, 3DMAS). The films
were characterised using both in situ and ex situ spectroscopic ellipsometry. Good film uniformity across
100mm wafers with a thickness variation of not more than +0.5% was readily achieved for all the as-
deposited films.
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3DMAS SiO, films were grown using an O, plasma. Deposition rates of 1.0 A/cycle were obtained at 300°C
(Fig. 3). The growth rate was found to be relatively insensitive to temperature over the 100°C to 400°C

range, see Fig. 4. The refractive index of the films determined by SE was about 1.43. o » _
AES and SEM were used for characterisation of the composition and surface of the SiO2 and

SiNx layers. Figure 11 shows the AES profile of ALD SiO2 layer deposited using BTBAS at
2900C. It confirms the ALD film has uniform Si/O ratio of almost exactly 2:1 and with very low
impurities (C < 2% and N <2%). Figure 12 is an AES of ALD SiNx layer deposited using 3DMAS
at 3500C. It shows that the ratio of N/Si in the SiNx film is around 1.1 and the carbon in the film
IS in a range of 5-10 atomic %. The oxygen (< 3% in the bulk) is observed mainly at the surface

BTBAS The SiOx layers were deposited at growth rates of 1.2-1.4 A per cycle at a temperature of 290°C
have been obtained, see Fig. 5. Figure 6 shows the influence of deposition temperature on the growth rate,
uniformity over a 4” wafer and refractive index of SiOx..
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ellipsometer model in that ultra thin films are fitted to give low refractive index.
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