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In this work we present a method for tip-sample distance control in probe microscopy and probe recording by 
using field emission current detection as a feedback signal. Field emission currents flow when a large 
enough electric field is applied between the probe tip and the recording medium. The current varies 
exponentially with the applied electric field, which in turn is more or less proportional to the tip-sample 
distance [1]. High lateral and vertical resolutions are possible, perpendicular to the surface in sub-nm range 
and in the surface plane on the order of the field emitter radius [2]. Next to controlling the tip-sample 
distance, the cantilever resonance can in principle also be obtained. Since changes in resonance frequency 
are proportional to changes in the magnetic stray field derivates, this method can result in an integrated 
method for data detection for probe recording or Magnetic Force Microscopy (MFM). 
 
To ultimately be able to detect magnetic forces, the tips are prepared on silicon NanoSensors Pointprobes 
with a high force constant of 48 N/m to prevent pull-in when applying a tip-sample potential. The probes are 
coated with a metal coating to improve the conductivity and act as a field emitter. Former research on field 
emitters has shown that the field emission current becomes instable for high electric fields. Several physical 
processes play a role in causing these instabilities [3]. Until now, our best results have been obtained using a 
sputterd 20 nm chromium coating (figure 1). 
 
The sample shown in figure 2 is a silicon-nitride layer that was patterned using laser interference lithography 
and etched by reactive ion etching. The resist pattern was removed using oxygen plasma cleaning. The 
resulting dot height is 35 nm with a diameter of 200 nm and periodicity of 350 nm. A conductive coating of 
5 nm chromium and 15 nm platinum was sputtered on the silicon-nitride to allow field emission currents to 
flow between tip and sample. In future work, these sample are to be replaced by the magnetic patterned 
recording medium that is under investigation for magnetic probe recording. This medium is based on a 
perpendicular magnetic thin film consisting of Co/Pt multilayers which is patterned by laser interference 
lithography in combination with ion beam etching, with periodicities down to 150 nm [4]. 
 
For characterization of the field emission probes an RHK UHV350 Scanning Tunnelling Microscope (STM) is 
used, with a scanrange 5x5 µm and the possibility to mount AFM probes. The STM can be operated in the 
field emission regime by increasing the applied bias voltage up to 500 V. As a voltage source and current 
amplifier a Keithley 6487 Picoammeter is used. To improve the stability of the field emission current, the 
STM is operated in ultra high vacuum and isolated from environmental vibrations.  
 
Using this setup, field emission has been successfully applied to control the probe-medium spacing at 
distances necessary for probe-recording applications. 

In figure 3 the retraction of the tip as function of applied bias voltage is shown. In this measurement, 
the sample is fixed and the probe is mounted on a piezo. During feedback operation, the field emission 
current is kept constant by retracting the piezo. This retraction increases up to 60 nm when increasing the 
applied bias voltage to 10 V, as shown in figure 3a. When increasing the bias voltage, the cantilever 
deflection also increases. The total retraction is therefore the sum of the increase in probe-medium distance 
and the cantilever deflection. In conventional STM, the tips  are not mounted on cantilevers and the 
retraction is only 9 nm (Fig 3b, PtIr tip). 

Figure 4a shows a 1x1 µm scan using 2.0 V bias voltage and 0.3 nA current setpoint. For this 
measurement, a scan-rate up to 333 nm/s could be used. Higher scanrates resulted in unwanted tip-sample 
contact. In figure 4b, the result is shown for a scan on the same location but with 50.0 V applied bias voltage. 
When compared to the first image, a loss of resolution can be noticed, indicating the increase in tip-sample 
distance. This larger tip-sample distance allows for much higher scan-rates, up to 4 µm/s. However, also an 



increase in noise can be seen, due to instabilities of the field emission current. Future research will therefore 
be focussed on improving the current stability and lowering the requirements for vacuum conditions. 
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Figure 1: SEM image of field emission probe tip  Figure 2: SEM image of patterned SiN  sample 

 
Figure 3: Retract distance as function of applied voltage for (a) field emission probe and (b) STM tip 

  
Figure 4: Image scans of LIL sample taken using field emission probe for respectively (a) 2.0V and (b) 50.0V 


