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Residual free reactive ion etching of the Bell contact Ti/Pt/Au
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Abstract

The etching of the complete Bell contact consisting of a layer of Ti/Pt/Au was performed in highly reactive plasmas

containing Cl2 for Ti, PF3=NF3 for Pt, and Cl2 and/or BCl3 for Au. All the constituents of the Bell contact form volatile
compounds in either capacitively-coupled low-density plasmas or high-density plasmas generated by electron cyclotron

resonance. This is conditio sine qua non for surfaces and sidewalls which have to remain free of any residues. r 2002
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1. Introduction

For p-contacting on III/V compound semiconductors,

variations of the Bell contact Pt/Ti/Pt/Au [1] have

evolved to be the most successful. The requirements that

a contact has to meet are

1. ohmic contact to the p-doped top region of the

semiconductor;

2. good adhesion of this film to surfaces of semicon-

ductor(s) and oxides;

3. ease of bonding, high resistance to corrosion, high

elongation to allow thermal expansion mismatch

with the substrate;

4. suitability for further high-resolution electroforming.

It is obvious that for these diverging purposes, more

than one metal is required. Since the first two qualities

can be fulfilled by titanium or chromium, and the last

two by gold, which severely degrades the electrical

quality of the pþ zone, we have to add a third metal to

serve as a low-ohmic diffusion barrier.

Titanium or chromium are chosen because of

* their high affinity to oxygen, which makes possible

even the reduction of silica, by means of which native

oxides can be removed and a good interlink at atomic

scale is possible;
* their occurrence in many oxidation states from I to

IV for Ti and I to VI for Cr, with the dramatic

consequence that the oxides of the low oxidation

levels CrII; TiII or TiIII have fairly good metallic
conductivities (in contrast to e.g. Al2O3), and

* their extremely good gettering behavior: the detri-

mental effect of reaction products can be neutralized

by interstitial dissolution.

With these metals as contact, the lowest contact

resistivities challenge the limits of measuring accuracy

which are possible with the transmission line method

(TLM) or contact hole [2,3]. However, since no suitable

etchants for all three layer components are known, the

most usual way is to use a simple lift-off technique. In

this case, the metal is plated after a process chain which

comprises photoresist processing. Hence, the surface

which is going to be metallized is prone to contamina-

tion. For columnar vertical cavity surface emitting laser

(VCSELs), for which a very low contact resistance is

required, a direct metal coating on top of a cleaned

semiconductor surface is highly recommended. This, in

turn, is synonymous with the demand for perfect etching

of the quadruple–metal sandwich. Etching means the

residue-free removal, which requires the reproducible

generation of volatile compounds. Otherwise, fences will

build up at the edges of the photoresist, and these can

possibly disintegrate and contaminate the surface
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