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Abstract. The fabrication of sha rp  silicon tips for field emission cathodes has been 
investigated using anisotropic and isotropic wet chemical etching techniques. 
Formulations of potassium hydroxide, water and alcohol are used as  t h e  
anisotropic etchants. The effects of isopropyl, secondary butyl and tertiary butyl 
alcohols on tip formation are examined. An isotropic etchant using a mixture of 
hydrofluoric, nitric and acetic acids is also used to form similar cathode structures 
tor comparison. The silicon needles formed are intended for use in vacuum 
microelectronic devices 

1. introduction 

Field emission of electrons from a solid cathode can be 
enhanced beyond the simple levels predicted by Fowler- 
Nordheim theory if the cathode is a 'point source' in the 
vicinity of an 'infinite' plane anode. One way to approxi- 
mate such a system is to make the cathode pointed and as 
sharp as possible, and place it in proximity to a conduct- 
ive, flat-surfaced anode. Such a cathode structure is the 
basis of recent research in fabrication of radiation-hard, 
thermally insensitive, high-speed vacuum microelec- 
tronic devices [I]. To this end, we are attempting to 
fabricate the sharpest tips possible in silicon. 

2. Experimental details 

Tips were formed using a mask consisting of 10pm 
squares of silicon nitride on 20pm centres made to 
pattern (100) silicon wafer surfaces. Points were etched 
via two methods: ( I )  an anisotropic etchant of 4 parts 
potassium hydroxide and water (IOM), and 1 part 
alcohol [2,3]; (2) an isotropic etchant consisting of 25 
parts nitric acid, IO parts acetic acid and 3 parts hydro- 
fluoric (by volume, standard Mos-grade aqueous rea- 
gents) [4]. Isopropanol, secondary butanol and tertiary 
butanol were used in the KOH formulations to study the 
etching effects caused by the different alcohols. In both 
the anisotropic and the isotropic etches, constant temper- 
ature conditions were used. KOH etching was done at  
55 "C and HF/nitric/acetic acid etching was done at 
room temperature, about 26 "C. Surfactants were tested 
in both etchants as well. The surfactant concentration 
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used was 1 % by volume. Etching was tested under both 
mixing and stagnant conditions. 

3. Results 

3.1. KOH/alcohol/water etchants 

The anisotropic etch was studied first because of its 
greater controllability. Total etch times ranged from 30 
to 40 minutes. The shape of the points etched was an 
octagonal pyramid with facets along the {331} planes 
and a radius of curvature at  the tip of about 2000 A as 
seen in figure 1 .  In general, it was found that the size of 
the points could be varied by changing the type of 
alcohol used. The tips etched using isopropyl alcohol, 
shown in figure 2, were the largest, with base widths 
(measured flat to flat) of between 12 @m for a stagnant 
solution without a surfactant, to 18pm for tips etched 
under mixing conditions with no surfactant. The second- 
ary butanol formulation produced tips that had bases 
between 13.8 and 9.6 pm in diameter. Figure 1 shows an 
example of these tips just at  the point where the nitride 
masks are falling off. A difference of about 5 pm in the 
base diameter was noted between secondary butanol and 
isopropanol when the solutions were mixed. Figure 3 
shows the smallest tips which were made. A formulation 
using tertiary butanol under stagnant conditions both 
with and without the surfactant was used. Again, the tips 
are shown just as the silicon nitride mask is falling off. 
These tips have bases ranging from 12 p n  to 8.4 pm in 
diameter. Table I summarizes the results. It is believed 
this tip size variation is the result of the changing 
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Figure 1. (331j-surfaced Si pyramid etched using 10 M 
KOHlsecondary butanol without a surfactant. The etch was 
stopped j u s t  as t h e  silicon nitride caps were falling off. 

selectivity of the etchant between the { 100) plane and the 
{ 110) plane due to the effects of the alcohols in changing 
the surface reactivity (either in reactant adsorption or 
surface mobility). It is also noted that the larger tips, 
made using isopropyl alcohol, had a squarer base than 
the other tips and also had 16 planes around the surface. 
This results is also seen in the tips when etched at  a lower 
KOH concentration, combined with secondary butanol. 
An example of such rounded bases can be seen in figure 2. 

Figure 3. Field tips formed by etching with 10 M KOH/ 
tertiary butanol. 

3.2. HFlnitriclacetic acid etchant 

The isotropic etchant also proved to form points using 
the same mask as the KOH etchant. In this case, how- 
ever, the points had square bases and could be etched to 
needle-like tips having a radius of curvature of about 
600 A as seen in figure 4. Since these tips are sharper than 
those etched by the KOH/alcohol solution, they are 
inherently more promising for obtaining field emission. 
Since the etch rate for this formulation is about 
1.43pmmin-' at  2 6 T ,  the etch is hard to control, 
causing a non-uniform etch over the wafer surface. Sur- 
factants slow this etch rate down to about 1.2 pm min-'. 
Slight agitation (enough to keep bubbles from forming 
on the surface) gives a more uniform etch. Surfactants 
combined with agitation produce a tip uniformity similar 
to that of the KOH etch with some loss of tip sharpness 
(e.g. a radius of curvature averaging loo0 A). 

Tip sharpening experiments have been performed on 
the various tips discussed here [SI. This sharpening is 

Table 1. 
alcohol to saturation, 55°C).  IPA = isopropyl alcohol, 
SEA = secondary butyl alcohol, TBA = tertiary butyl 
alcohol, N = no, S = surfactant, M = mixing. 

KOH/alcohol/water etchant results (10 M KOH, 

Base 
width Height 

Alcohol Conditions (am) (am) Uniformity 

IPA NS-NM 12.0 6.5 good 
NS-M 16.0 12.7 good 
S-NM 
S-M 16.1 11.4 good 

SBA NS-NM 13.8 9.8 good 
NS-M 12.0 8.5 fair 
S-NM 9.6 6.8 fair 
S-M 11.4 8.1 rough 

TBA NS-NM 6.4 6.0 good 
NS-M 
S-NM 6.4 6.0 no good 

Figure 2. 16-faceted field emission tip etched in 10 M KOHI S-M 12.0 8.5 rough 
isopropanol. 
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4. Summary 

Silicon tips suitable for use as field emission cold cath- 
odes have been etched by a variety of wet etchants, both 
anisotropic and isotropic. The sharpest tips, as etched, 
are obtained using the isotropic HF/nitric/acetic acid 
isotropic etchant. A greater degree of reproducibility and 
control over the etch process is obtained using an- 
isotropic 10 M KOH solution with a saturated second- 
ary butanol concentration and without any surfactant in 
stagnant conditions. The less sharp anisotropic process 
may be fully acceptable for forming field emission struc- 
tures if subsequent tip sharpening steps by oxidation are 
employed. 
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Figure 4. Field tip obtained using t h e  same masking as in 
figures 1-3. with an isotropic HFlnitriclacetic acid etchant. References 
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done by a low-temperature, dry oxidation of the tips and 
has resulted in points having a radius of curvature of 
< 50 A, we believe these to be the sharpest siiicon tips 
ever synthesized. 

Field emission bas been measured from each of the 
types of tips shown here. The results of electrical mea- 
surements will be reported later. 
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