Electrochemical microstructuring of silicon surfader
field emission enhancement.

G: Sotgiu*, A. Cali*, L. Schirone**

*Universita ROMA TRE
Via della Vasca Navale 84, I-00146 Roma lItaly
**Universita La Sapienza, Roma
Via Eudossiana 18, 1-00184 Roma ltaly

Enhanced field emission of electrons from silicavides
was obtained by electrochemical surface microstrimg.
Columnar emitting tips are fabricated, with diameite
the 100 nanometer range and length in the irBGange,
depending on the process parameters. Morphological
characterizations were carried out on the basiSEW
analyses: as shown in figure 1, the columns agirated

at the top of silicon pyramids. When their lengkiteeds

a few tens of microns, they give rise to “spagHdté”
filaments, tending to collapse in groups of a fens, as
shown in figure 2. Columns are randomly distributed
the surface, with a relative spacing of a few niero

The preparation process is based on the electrachem
oxidation of boron-doped silicon wafers in organic
solutions containing HF at concentration in the él/|
range. The samples were back-contacted by spugtefin
Al followed by annealing at 625 K in inert atmosphe
Oxidations are performed in galvanostatic regiméhwi
current density in the 1-10 mA/émrange. Silicon
resistivity is the 0.1-10 ohm cm range. A suitad#eies of

Fig 1: emitting tips at the top of silicon pyramids
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rinsing steps is carried out in order to prevergssies on o Spo?Magnl TR .
the microstructures; after drying the samples arenally | 250kv560 750« SE_85 0 dore
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stored in air.

Electron field emission properties were characeetim
vacuum (P < 18 Torr). Current-voltage measurements
were carried out on several samples, preparedfireint

Fig 2: “spaghetti-like” silicon filaments.

conditions, in order to investigate the effects of 80 . .
moadifications in the parameters of technologicalcess. SN
Emission threshold was found to be strongly coteela :
with the overall charge exchanged during electrotbal OO8
oxidation (see fig. 3). In the best conditions, tineshold o Banundd .
field for emission is shown to be lower than 1M as E pf
shown in fig. 4, this value is favorably comparedhw = : .
field emission thresholds of other materials cuiyen sk . *
studied for the same application (diamond like oarb 20¢ .
DLC and polycrystalline diamond). g H
This property makes silicon-based electron fieldttens ok S o
very interesting for application in several kinddvices, 0,01 0,1 1
especially in the aerospace electronics. Relative charge
References Fig 3: Emission threshold vs oxidation charge.
1) E. A. Ponomarev and C. Lévy-Clément, "Macropore
Formation on p-Type Si in Fluoride Containing Origan =
Electrolytes” Electrochemical and Solid-State Letters, 1 DLC
(1) 42-45 (1998) 20 polycrystalline
2) L. Cahnam: "Properties of porous silicon" emis S
datareviews series No. 18, INSPEC 1997 §15 porous

E silicon

E 10

£ 5

0

Fig 4: emission threshold for several materials.



