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Abstract. The new preparation method of silicon tips with nanocomposite structure, namely
laser modification of silicon is developed. The laser direct-write process has been applied, one
by one (single) laser pulses formed the single rather uniform conical tips. In this process a
silicon substrate is locally heated above its melting point by a pulse YAG:Nd3* laser and
translated by X-Y 100 um resolution motor stages. Arrays with different tip distance, height
and shape of tips can be produced by varying the condition of laser processing. The silicon tip
arrays with distance between tips approximately 50 um and height 0-100 um with radius of
the top about Imm can be produced. As a result of intensive laser pulse influence, the silicon
surface is very developed with many nanometer size protrudes on it covered with the nano-
composite films (nc-Si-SiO,). Several samples were stain etched and porous silicon layers
were formed on the surface.

The electron field emission from laser produced silicon based nanocomposite structures into
vacuum have been studied in dependence on conditions of their forming. The measurement of
emission current were performed in the vacuum system which could be pumped to a stable
pressure of 10°® Torr. The diode measurement cell was used with constant emitter-anode spac-
ing equal 20 pm. The field emission was obtained from nanocomposite structures in the drive
voltage range from 100 to 1500 V and in the current range from 5nA to above 20 pA. The field
emission current depends on the condition of silicon nanocomposite structure preparation
strongly. The emission parameters: turn-on voltage, field enhancement coefficient and effec-
tive emitting area have been determined. The resonant tunneling phenomenon have been dis-
covered on some samples with nanocomposite structures. As a rule, two or one resonant peaks
The current-vol have ymtﬁntry in current maximum region




A.A. Evtukh et al.: Field emission of electrons from laser produced silicon tip arrays

To improve of the silicon emitter parameters, differ-
ent covers such as diamond-like carbon films, Cs-enriched
dielectric layers, porous silicon layers are widely inves-
tigated [3-11]. One of the ideas is to use the resonant tun-
néing effect for emission current increase from silicon
tip covered multilayer film with 6-doped layer. The steady
state characteristics of the field electron emission struc-
tures with quantum well (QW) have been theoreticaly and
experimentaly studied in some previous works [5-11].

In this work the new preparation method of silicon
tips with nanocomposite structures, namely laser modifi-
cation of silicon is developed and electron field emission
from nanocomposite structures in dependence on tech-
nology of forming them is investigated in detail.

2. Experiment

A. Nanocomposite structure formation

The laser process has been applied, one by one (single)
laser pulses formed the single rather uniform conical
arrays [12]. In this process a silicon substrate (n-Si) is
locally heated above its melting point by a pulse YAG :
Nd3* laser (wavelength 1.06 um, pulse duration 0.2 ms)
and translated by X-Y 100 um resolution motor stages.
Energy density of the laser processing was in the range
10-30 J/cm?, that exceeds the Si melting threshold. The
melting was occurred in regime of developed evapora-
tion. As a result of the hydrodynamic blow initiated by
silicon steams, the melt was forced out to the crater edges
creating the rollers on the perimeter of the crater. After
laser pulse influence was ceased the feed of the melt was
stopped, and the rollers on the crater edges were sub-
sided. The cone in the crater center began to grow. The
melt temperature was decreased to the crystallize point
and conical surface was hardened. Fig. 1b presents sche-
matic image of the crater on Si surface with cone in the
crater center. Arrays with different cone distance, height,

and shape could be produced by varying the conditions
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Fig. 1. Schematic images of the measurement diode structure
(a) and separate laser produced cone tip (b).
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Results and discussion

SEM micrograph of silicon-based tip array is presented
in Fig. 3. It can seen that the distance between neigh bor-
ing tips is dppm\lmdtd\ 50 um and tip height 50-100 1m
and radius of the top is about 1 pm. The schematic Image
of the separate tip is presented in Fig.1b. The geometri-
cal parameters of tip a. b, ¢, d depend on preparation
conditions which influence on tip parameters strongly.
This allows to produce tips with different height and as.
pect. In separate cases there are only craters without tips.

The strain etching causes the porous silicon layer form-
ing on the silicon surface. As can be seen from SEM mj-
crograph (Fig. 4) the tips covered by a porous Si layer
have a high density of a very small asperites (protu-
berances) on the surface.

For the explanation of the features of current-voltage
characteristics and comparison of them for different tip
nanocomposite structures, we have determined the turn-
on threshold voltage (V;,), emitting areas (a), and local
field enhancement factors (b) from the Fowler-Nordheim
equation according to procedure described in [12-15].
During a and b calculation we have used ® =4.15eV for
n-type silicon [16]. The experimental emission param-
eters of the silicon-base nanocomposite structures in de-
pendence on technology of tip forming for cases without
and with strained etching are presented in Table 1. The
silicon tip array with relatively high emission parameters:
Fig. 2. Auger sputter profile of laser produced silicon tip array effective emission areas = 1.75x1078 sz, local field en-
with nanocomposite layer. hancement factors 8= 3.6x10°cm’! have been obtained.

Table 1. Geometrical and field emission parameters of the laser produced tips

Technological Geometrical tip parameters Field emission parameters Field emission parameters
parameters (strained etching)
Focus UaV o a, b, e & B K s B, o Vs B. o,
position pm pm pm | pm | V e cm? v cm'! cm?
Focus on
10 (5 - - = 142 | 3.3x10° |4.52x10°"
15 (10) | 10 | 530 |3.46x10°| 5.2x10°'6 | 1080 |2.62x10* |7.82x10°'°

280 |[1.07x103|1.72x107 e - -

880 | 5.8x10% | 3axi012 ] = 2 -

480 |9.4x10* | 32x102 | 570 |7.21x10% |5.47x10°"2
350 |1.2x10° | 1.5x10°'! | 890 |3.66x10° |9.55%x10°!7
290 |3.1x10° 2x10°3 | 670 |3.42x10% |1.75x10°®
510 | 1.15x10° [ 3.02x10'* | 1340 | 9.71x10° | 5.08x10'
2 & - 330 | 7.2x10% | 3.71x10°
1020 | 1.51x10%| 1.15103 | 660 % 8.84x107'°
= - = 390 = 7300
i 580 ks 3.74x210”
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Fig. 4. SEM micrograph of strain etched silicon surface of the
laser produced silicon tip.

The resonant tunneling phenomenon have been discov-
ered on some samples with nanocomposite structures. As
a rule, two or one resonant peaks have been observed
(Fig.5). The current voltage curves have asymmetry in
current maximum region which is determined by peculi-
arities of electron transport through resonant tunneling
structures. These structures consist of Si quantum size
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nanocomposite structure with resonance tunneling.
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nanocrystals in porous or non-porous silicon oxide ma-
trix on the silicon cone surface. Due to the quantum-size
effect, there are some energy levels in quantum well re-
gion, which cause increased tunneling probability under
definite electric field strength.

The electron emission parameters combined with non-
lithography process of manufacturing make investigated
silicon nanocomposite tips to be an attractive alternative
to others in vacuum microelectronics and flat panel dis-
play applications.

Conclusions

The electron field emission from silicon-based nanocom-
posite structures have been investigated and the new
method of the tip and tip array creation have been devel-
oped. This method based on laser modification of sili-
con. The laser direct-recording process has been applied,
one by one (single) laser pulses formed the single rather
uniform conical tips. Arrays with different tip distance,
height and shape of tips have been produced by varying
the condition of laser processing. As a result of intensive
laser pulse influence, the silicon surface was very devel-
oped with many nanometer size protrudes on it covered
with nanocomposite films (nc-Si-SiOy, The stain etching
allowed to create porous silicon layer on silicon surface
with many protrudes on it too. The electron field emis-
sion from laser produced silicon based nanocomposite
structure into vacuum has been studied in dependence on
condition of their forming. It was shown that the field
emission current depends on the condition of silicon nano-
composite structure preparation strongly. The peaks of
emission current were discovered on some samples with
nanocomposite structure. They were explained using reso-
nance tunneling phenomenon.

silicon tip arrays
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