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Abstract

A significantly higher electron mobility compared silicon makes IlI-V compound
semiconductors potential candidate materials fghtspeed, low power devices. The
lack of good quality oxides on these surfaces, mawehas limited their use in
microelectronics. Recent advances in depositind-kidgilms on silicon using atomic
layer deposition (ALD) could expand the use of Mllmaterials in high volume
manufacturing. It has been demonstrated that an Atd2ess produces a self cleaning
effect depending on the precursor, deposition d¢mrdi, and surface pre-treatment
[1,2,3]. Surface preparation prior to ALD to remaowvative oxides and to passivate or
activate IlI-V atoms ensures that the best possitikzfaces will be made and improves
reliability.

Technical Results

This report examines high-k/llI-V interface fornaii by aqueous HF pre-treatment and
ALD Al,Os;. Since aqueous HF processes are a standard de&i technology, the
development of HF-based processes on IlI-V surfagesld minimize the changes
needed to incorporate a new material set into iegidabs. Although HF is not ESH
friendly, the semiconductor industry has developesl expertise necessary to use and
dispose of this chemical safely. The interfacigioa between the ALD AD; and IlI-V
substrate was characterized chemically using xptagtoelectron spectroscopy (XPS)
and electrically using capacitance-voltage (C-Vd darge AC signal conductance
(LACS) measurements.

Epitaxial InGaAs(100) films grown on InP substratese first degreased using standard
solvent cleaning. Liquid phase HF etching was peréml by immersing samples in an
agueous solution of hydrofluoric acid diluted witlra pure water at HF (49%) to water
ratios of 1:100 to 1:0 by volume at room tempemtBamples were rinsed with ultra
pure water, dried with ultra pure nitrogen, anddied into a vacuum chamber for ALD
Al;03. Trimethylaluminum (TMA) was chosen as the metacprsor due to its high
reactivity and thermal stability, and ultra puretevavapor was used as the oxygen
source. Deposition at 17D produced a growth rate of 1 A/cycle. For integfac
characterization by XPS, a 1.5 nm,®4 film was grown and characterized in situ. For
electrical characterization, a metal-insulator-ssEmductor (MIS) structure was
fabricated from a 10 nm ADs/InGaAs stack.

The XPS spectra in Fig. 1 show that an interfatager consisting of the oxides of
InGaAs remained after ALD AD; on a solvent cleaned sample, while a chemically
sharp interface was formed on the HF-prepared ceurf@emoval of the topmost native
oxide layers was observed during the first 5 ALxleg due to reaction with TMA.
However, once a complete /&5 layer was formed, the ALD cleaning mechanism was
suppressed by ADsz growth, resulting in the interfacial InGaAs oxisleown in Fig. 1(a).
Aqueous HF treatment before ALD removed InGaAsveatixides and produced an As-



rich surface. The surface oxidized upon air exposuren the sample was removed from
the HF solution, forming a thin A®; overlayer which was mostly removed during the
first ALD cycle. An interfacial layer consisting ohe monolayer or less of As oxide was
produced as shown in Fig. 1(b).
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Fig. 1. High resolution XPS of ADs/InGaAs interface formed on solvent cleaned and

agueous HF etched surfaces.

The quality of the AlOs/InGaAs interface was investigated electricallydapacitance-
voltage (C-V) and a conductance technique. In a @@asurement, the position of the
Fermi-level is scanned across the bandgap, filind emptying the defect energy levels
created by dangling bonds at the surface [4]. THé €retch observed in Fig. 2 is an
indication of surface defects. Surface defectauheldangling bonds at the oxide/InGaAs
interface and defects in the oxide located nearinttegface (~3nm) [5]. Electron-hole
carriers in the semiconductor can tunnel to surfdedects and recombine non-
radiatively, generating heat and modifying the de\biasing.
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Fig. 2. C-V curves at 1, 5, and 15 MHz for metal-insulasemiconductor structures
fabricated on an ADs/InGaAs stack prepared by solvent cleaning and @apieHF
etching.



In order to identify the source of defects at semductor-dielectric interfaces, a new
technique based on conductance [4] was developediimesearch group. A large AC
signal is launched across the semiconductor-drateatterface and the loss of e-h
carriers, which represent defects, is monitored. aMejust beginning to understand the
chemical character of the response, but the fdstct¥erelated to dangling bonds at the
semiconductor surface appear at higher frequenay the slow defects located within
the oxide at the interface with the semiconducte8nfm) [5]. The net effect of these
defects manifests itself in a surface recombinatelocity value. Surface recombination
velocity (SRV) is a number that quantifies how fadt carriers are captured by defects
distributed across the bandgap. The surface recatibn velocity of A}Os/InGaAs
interfaces prepared by solvent cleaning was 45 .cAfter liquid phase HF and ALD
deposition, SRV decreased to less than 1 cm/s,oapping the value of an ideal
interface. The major improvement is attributed e themically sharp ADs/InGaAs
interface produced by the combination of HF treatih@d ALD processes. The stretch
in the C-V curve is related to slow bulk defectamie interface that are in the oxide.
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Fig. 3. Large AC signal conductance curves for the sametsres as in Fig. 2. The
higher frequency peaks are an indication of daggdhands at the InGaAs surface. After
liquid phase removal of the oxide and ALD passoatdy ALO3, the dangling bonds are
removed and defects only related to border tragisliéthe oxide are left.
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