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Motivation

“Improvement of maskless fabricated field emitters in scanning probe Improved approach:

microscopy (SPM) sensors with respect to process yield, process
stability and compatibility to semiconductor processes”

First approach:

Change of the control electrode
material from Pt to Cr:

- better compatibility to semi-

- highly doped Silicon substrate conductor technology

- ies and p are p d and di which enable the integration of - 1pm insulating SiO, layer
electron beam induced i (EBID) it into ing probe mi py (SPM) - 0.2um Pt layer as control electrode Change of the emitter
sensors. - ing and partial of Si0, material from P
by focused ion beam (FIB) sputtering (Ga ions, 30kV) ,_ ate i Hioles
- The change from a Pt to C emitter precursor material led to improved process stability and - wet etching (HF) to remove residual SiO, layer - suppressed overspray
electrical performance. - el beal (EBID) of the QL Procurer ;‘;‘:;.',:,':,"," J o

emitter with platlnum precursor gate)

- ACr control electrode instead of a Pt control imp ibility to
silicon semiconductor technology.

- higher stability against
bending during emission
- A30nm thick oxygen rich layer between the emitter and the Si-substr:
a grea! influence on the turn-on voltage of the field emitter. This w
inated by dp =

- Further work has to be done in the electrical
characterization of the C field emitters with
intermediate silicide layer.

T EBID emitier

- Results—of this work significantly
ease the use of such field emitter _
probes forreal applications. tch of the realized field emi

First results clearly identify
a 30nm thick intermediate
layer between the substrate
and the emitter, which
contains high amounts of
oxygen as shown by EDX.
Thus, the layer has a high
resistivity and is assumed to b
the main reason for the high tu
onvoltages.

Characterization:

- sensor bonded on a TO-5
type mo

- placed into a vacuum
chamber (10"mbar)

- measurement of the IV-curve;
voltage between emitter and

To avoid this oxygen rich layer, a con= = contr%hlectrode is ramped up

ductive layer between the emitter and == until emission starts

substrate material can be deposited which

vents the oxidation of the silicon surface. Theref - emission current is det emitter and a

Ti silicide has been formed, with the emitter deposi target grid facing the sensor at a distance of 5mm

top of it. R o "o“
The intermediate O-rich layer could be completely a = es u 'ts a d D SCUSS

h this enhanced process as can be seen by HRTEM.

Experimental results:

Attempt to decrease the turn-on
voltage by reducing the diameter
of the control electrode from 1um
to 500nm™*no significant change
in the turn-on voltage could be ob-
tained.

The Fowler-Nordheim plot re-
veals a linear dependence,
indicating that emission of
electrons is caused by field
emission.

The turn-on voltage is 65V.
This is too high for many
possible applications and for
a simple integration into

robe

As for such electrode diameters
and similar emitter geometries
| ooty 3 S HRTEM image of the amorphous 0-  TEM cro published values are significantly
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e main reason for the high turn-on  With EBID-Pt for protection  emitters), a high resistance in the

hage? pelerecresssectionnd)  gevice structure must be the rea-
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systems.
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