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1 - 5 µm SECM Probes: Description, Advantage, and User Guidelines 

I – INTRODUCTION 
A number of platinum (Pt) Scanning Electro-
Chemical Microscopy (SECM) probes are of-
fered by Bio-Logic. These can be categorized 
into fused-silica based and capillary based 
probes (Part Numbers: U-23/xx and U-P5/xx 
respectively, where xx is the Pt diameter in 
both cases). The fused-silica based probes are 
ideal for Intermittent Contact (ic)-SECM, and 
are available with Pt diameters of 10, 15, and 
25 µm. On the other hand, the capillary 
probes (Fig. 1) are ideal for standard SECM 
techniques, and should not be used for ic-
SECM. These are available in six Pt diameters: 
1, 2, 5, 10, 15, and 25 µm.  
 

 
Figure 1: The 1 µm capillary based probe (Part Number 
U-P5/01). 
 

This technical note aims to demonstrate the 
use of the 1, 2, and 5 (≤5) µm probes, with a 
focus on the 1 µm probes. The advantages of 
using these probes will be shown by a compar-
ison of measurements taken with the 1 and 10 
µm probes. Their use will also be outlined for 
both the SECM150 and M470. These probes 
are not intended for use with the M370.  
 

II – THE PROBES 
The 1 µm capillary probe is shown in Fig. 1. All 
of the capillary based probes are made with 2 
mm diameter glass with a length of 80-95 mm. 
For SECM probes the ratio of the active por-
tion of the probe (i.e. Pt), compared to the ra-
dius of the entire probe tip (both the active 
portion and the insulating glass) is of interest. 
All of the capillary probes have an RG ratio of 
10, except for the 1 µm probes which have a 
nominal RG ratio of 30. This increased RG ratio 
is due to proportionally thicker surrounding 
glass, which makes the tip stronger, allowing 
it to be more user-friendly.  

III – Comparison with the 10 µm Probe 
III-1 – Experimental 
Using the SECM150, dc-SECM measurements 
were performed on a Whatman® CycloporeTM 
track etched polycarbonate porous mem-
brane with 12 µm pores. This membrane was 
placed on the surface of a standard gold sam-
ple with the shiny side facing up. It was ad-
hered to the resin surrounding the gold using 
clear nail varnish. The membrane over the 
gold was not varnished. A small portion of the 
unvarnished membrane was cut with a razor, 
after the varnish had dried, to allow any air 
bubbles to be removed once the sample was 
exposed to electrolyte.  
 
To perform these measurements a                          
5 x 10-3 mol/L K3[Fe(CN)6] in 0.1 mol/L KCl 
aqueous solution was used. The sample was 
biased at -0.25 V vs the Saturated Calomel 
Electrode (SCE), while the Pt probe was biased 
at 0.65 V vs SCE. For these experiments either 
a 1 µm or a 10 µm capillary probe was used as 
the working electrode (probe) along with a Pt 
sheet counter electrode. With this experi-
mental setup SECM was performed in genera-
tor-collector mode. In this mode [Fe(CN)6]3- is 
converted to [Fe(CN)6]4- by the sample for 
measurement by the probe.  
 
Prior to performing any area scan measure-
ments an approach curve was performed to 
determine the probe z position. The approach 
curves were performed in feedback mode by 
biasing ONLY the probe at -0.25 V vs SCE. 
When either the 1 or the 10 µm probe was 
used to measure an approach curve to the 
sample negative feedback, i.e. a reduction in 
current magnitude, was measured. This im-
plies the probe approached the insulating 
membrane, and not a pore where the under-
lying gold sample would be exposed, Fig. 2. 
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Area scan measurements were performed us-
ing the same experimental configuration re-
gardless of probe size. Only the current range 
of the measurement was changed to account 
for the difference in measured current. Area 
scans were performed over a 100 µm x 100 
µm surface. A 1 µm step size in both x and y, 
with a step velocity of 100 µm/s was used. 
 
The Gwyddion software was used to correct 
for tilt in the area scan, remove any outlying 
points, and to produce the final 2D maps.  
 

 
Figure 2: Approach curves to the polycarbonate mem-
brane on gold sample showed negative feedback 
when the 1 µm (a), or 10 µm (b) probe was used.  

 
III-2 – Results 
The area scan measurements performed on 
the polycarbonate membrane over gold sam-
ple are shown in Fig. 3. Measurement with 
both the 1 and the 10 µm probe show high 
current areas due to the pore openings. While 
the 10 µm probe allows the 12 µm pores to be 
measured it is comparatively less sharp than 
the measurement performed with the 1 µm 
probe. Furthermore while most of the pores 
exist as distinct high current regions in the 
measurement performed with the 1 µm 
probe, when performed with the 10 µm probe 

there is overlap of the current response of ad-
jacent pores distorting the edges of a number 
of the pores in the scan. 
 

 
Figure 3: Generator-collector measurement per-
formed on a polycarbonate membrane with 12 µm 
pores over a gold sample. Measurements were per-
formed with a (a) 10 µm and (b) 1 µm probe. 

 
To further compare the measurements per-
formed with the 1 and 10 µm probes a cross 
section of an isolated pore, i.e. one distanced 
far enough from any surrounding pores to not 
have their measured current influenced, was 
taken. The comparison of the cross sections in 
Fig. 4 shows that when the measurement is 
performed with the 10 µm probe the current 
peak is much broader than the actual diame-
ter of the probe, about 25 µm. The current is 
also seen to increase until it peaks over the 
center of the pore. When the 1 µm probe is 
used the peak is much narrower, and closer to 
the actual diameter of the pore. Furthermore 
the current increases more quickly before 
plateauing over the entire pore, giving rise to 
the sharper area scan result in Fig. 3b.  
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Figure 4: Comparison of the cross sections of an iso-
lated pore measured by a 10 µm (blue) and 1 µm (yel-
low) probe. 
 

IV – GUIDELINES FOR USE 
The 1, 2 and 5 µm probes have been designed 
to achieve high resolution measurements 
from non-contact SECM techniques. These 
probes should NOT be used for ic-SECM.  
 
Care should always be taken when using any 
of the ≤5 µm probes. The tips are sharp and 
fragile, and should not be touched.  
 
The Scan-Lab instruments have been designed 
to limit noise and pickup, intrinsically and with 
various user selectable electronic and sam-
pling options. The user may notice, however, 
that the proportionally lower signal resulting 
when using these smaller probes leads to un-
wanted noise in their measurements. To 
counter this it is possible to increase the 
measured signal by increasing the concentra-
tion of the redox mediator. In cases where this 
is not possible the user may be able to im-
prove the signal by increasing the number of 
points acquired and averaged, selecting a 
slower response filter, or using these smaller 
probes within a Faraday cage.  
 
IV-1 – Preparation 
The ≤5 µm probes can be used with all probe 
clamps on Scan-Lab instruments using the 
probe holder provided in all new boxes of ca-
pillary probes, Fig. 5. This must be carefully 
slid onto the shaft of the probe before the 
probe is placed in the probe clamp.  

 
Figure 5: The probe holder shown is provided with all 
capillary based probes to allow them to be held in 
place by the probe clamp. 
 

To place the probe holder of Fig. 5 on the ca-
pillary probe the user should hold the probe 
horizontally in one hand, with the tip pointing 
towards the other hand. In the other hand 
they should hold the probe holder horizon-
tally with the lip at the side nearest the probe 
tip. The holder should be rotated so the slit is 
facing the user, Fig. 6. The probe holder 
should then be brought in line with the probe, 
and gently slid over the probe shaft. While 
great care has been taken to ensure that the 
holder fits with all probes in a set the spread 
in the size of the glass shaft means some 
probes will be held more tightly in the holder 
than others. The probe holder should be 
moved to about 25 mm from the base of the 
connector, as shown in Fig. 7. 
 

 
Figure 6: The probe holder should be held in one hand 
and the probe in the other to allow the holder to be 
aligned and slid into place.  
 

 
Figure 7: The probe holder should be located about   
25 mm from the base of the connector. 

 
Once the probe holder is in place the probe 
can be placed in the probe clamp on the in-
strument. The probe should be held vertically 
in one hand so the slit of the holder is facing 
the other hand. If the holder is tight enough 
the user should use this to hold the probe. The 
probe clamp should be loose and far from the 
sample surface. The user should then rest 
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their hand very gently on the probe clamp to 
aid in aligning the probe tip with the clamp 
opening, before lowering the probe into 
place, Fig. 8. The probe holder should be ro-
tated so the slit is parallel to the x axis, allow-
ing the clamp to tightly grip the probe. The 
probe clamp can then be tightened on the 
probe. If the probe is held tightly by the probe 
holder it is enough to tighten the probe clamp 
screws by hand. If the probe moves freely in 
the probe holder the clamp screws should be 
tightened with the appropriate hex wrench.  
 

 
Figure 8: When placing the probe in the clamp the user 
should GENTLY rest their hand on the probe clamp to 
help align the probe. If possible the user should grip 
the probe using the probe holder. 
 

IV-2 – Cleaning 
The ≤5 µm SECM probes should not be me-
chanically polished. Mechanical polishing can 
cause the probe’s diameter and RG ratio to 
change from those initially characterized. If 
mechanical polishing is done incorrectly the 
probe tip can be damaged making it unusable. 
 
If electrode fouling is apparent the ≤5 µm 
SECM probes can be cleaned by electrochem-
ical polishing with quick potential cycling. This 
is done either using the MultiPotentiostat di-
alog bar, or by configuring a cyclic voltamme-
try experiment. Table 1 shows typical settings 
for electrochemical cleaning of a 1 µm probe 
in 5 x 10-3 mol/L K3[Fe(CN)6] in 0.1 mol/L KCl.  
 

Table 1: The settings used to perform a cleaning CV of 
the ≤5 µm probes are given. 

Parameter Setting 

OCP Measurement Immediate 
Initial Potential (V) 0.0 

Initial Potential Time (s) 3.0 
Sweep Potential 1 (V) 0.0 
Sweep Potential 2 (V) 1.5 
Sweep Potential 3 (V) -1.5 
Sweep Potential 4 (V) 0.0 

Sweep Rate (V/s) 10.0 
Volts per point 5.0 

Number Of Cycles 100 
Current Range 100 nA/V 

 
IV-3 – Cyclic Voltammetry  
The measurement of a Cyclic Voltammogram 
(CV) is often the first experiment a user will 
perform when carrying out any SECM meas-
urements. This is for a number of reasons: 
 

1. It allows the bias potential applied to 
the probe during the SECM experi-
ments to be determined. 

2. The most appropriate current range of 
the scanning experiments can be de-
termined using a CV. 

3. A poorly defined CV can be evidence 
that the probe needs cleaning before 
proceeding with further experiments. 

4. A probe CV showing a much larger cur-
rent than expected can be indicative of 
a broken probe. 

 
The CV shown in Fig. 9 can be used to demon-
strate points 1 and 2. This was measured using 
a 1 µm probe in 2.5 x 10-3 mol/L K3[Fe(CN)6] / 
2.5 x 10-3 mol/L K4[Fe(CN)6]  in 0.1 mol/L KCl 
aqueous solution, using an SCE reference elec-
trode. In this case a plateau in current is seen 
from around 0.4 V to 0.65 V, meaning the re-
action is diffusion controlled and measure-
ment can be performed at 0.65 V vs SCE. The 
peak current is 0.32 nA, meaning the final 
measurement should be performed with a 
current range of at least 1 nA/ V to ensure the 
current does not over range.  
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Figure 9: A CV in a 2.5 x 10-3 mol/L K3[Fe(CN)6] /             
2.5 x 10-3 mol/L K4[Fe(CN)6]  in 0.1 mol/L KCl aqueous 
solution was performed using a 1 µm probe at a sweep 
rate of 35 mV/s.  

 
If the user is concerned electrode fouling, or 
electrode breakage has occurred they should 
refer to an earlier CV performed with the 
same probe. This can be a CV performed in the 
same electrolyte earlier during a run of exper-
iments, or it can be with reference to the char-
acterization CV sent with all new probes.  
 
The ≤5 µm probes are all tested during manu-
facture using a 2.5 x 10-3 mol/L K3[Fe(CN)6] / 
2.5 x 10-3 mol/L K4[Fe(CN)6]  in 0.1 mol/L KCl 
aqueous solution. When using this solution, 
therefore, it is expected that the current 
measured by the different probes will be 
within the ranges outlined in Table 2. While 
the current measured is dependent on the ex-
act concentration of the redox mediator, large 
deviations outside this range imply the probe 
has been broken and/or fouled. If fouling is 
suspected the user can clean the probe as out-
lined in section IV-2. 
 
Table 2: The range of current values expected for each 
probe type in 2.5 x 10-3 mol/L K3[Fe(CN)6] /                       
2.5 x 10-3 mol/L K4[Fe(CN)6]  in 0.1 mol/L KCl aqueous 
solution. 

Probe Size Current / nA 

1 µm 0.16 – 0.49  
2 µm 0.41 – 0.90 
5 µm 1.15 – 2.14 

 
Typical settings used to run a CV under these 
conditions using the 1 µm probe on the 

SECM150 and M470 are shown in Table 3. De-
pending on the electrolyte and redox media-
tor used the Sweep Potential # values, and 
Current Range may need adjusting.  
 
Table 3: Typical parameters for the measurement of a 
CV of a 1 µm probe in 2.5 x 10-3 mol/L K3[Fe(CN)6] /    
2.5 x 10-3 mol/L K4[Fe(CN)6]  in 0.1 mol/L KCl aqueous 
solution are given. 

Parameter Setting 

OCP Measurement Immediate 
Initial Potential (V) 0.0 

Initial Potential Time (s) 3.0 
Sweep Potential 1 (V) 0.0 
Sweep Potential 2 (V) 0.65 
Sweep Potential 3 (V) -0.25 
Sweep Potential 4 (V) 0.0 

Sweep Rate (V/s) 0.035 
Volts per point 0.0035 

Number Of Cycles 2 
Current Range: 

SECM150 
1 nA/V 

Current Range: M470 10 nA/V 

 
IV-4 – Approach 
When using either the SECM150 or the M470 
the probes are manually approached to the 
surface before performing an approach curve. 
This is done with the help of a long working 
distance microscope, such as the VCam, to al-
low the user to better judge the distance be-
tween the probe tip and the sample.  
 
When using the SECM150 setting the VCam at 
a steep angle allows it to see over the edge of 
the electrochemical cell. The manual ap-
proach is performed without the electrolyte in 
place to avoid distortion of the image. Appro-
priate lighting may be needed to achieve the 
clearest image in the VCam. The user should 
then SLOWLY use the micrometer screws to 
move the probe to within a few hundred mi-
crons of the surface, using the image of the 
probe in the VCam as a guide. If the surface is 
reflective the user should gauge the distance 
of the probe based on its reflection, otherwise 
the shadow of the probe can help indicate 
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how near the surface it is. If the user sees any 
bending in the tip of the probe this implies 
they have touched the sample, and they 
should retract the probe. While the probe can 
withstand some bending without breaking, 
stressing the probe in this way should be 
avoided by the user. An example of what the 
user will see is shown in Fig. 10. Notice the gap 
between the probe and its reflection. 
 

 
Figure 10: The user should manually approach the 
probe using the VCam. The above shows an example 
of a manual approach to a sample with a mirror finish. 
The probe should be approached so there is a visible 
gap between the probe and its reflection. 

 
When using the M470 the VCam is used with 
a shallow tilt allowing the probe’s reflection to 
be seen. The quartz window of the (shallow) 
µTriCell allows the VCam to view the probe 
with electrolyte in place. Although it may be 
necessary to add appropriate lighting to see 
the probe. The user should set the z manual 
movement to a low Step & Sweep Velocity, i.e. 
100 µm/s or slower, and only use continuous 
approach while the probe is far, 2 mm or 
more, from the surface. Within 2 mm from the 
surface the user should move to Single Step 
approach with a step size of 10 µm or less. The 
probe should be moved to a few hundred mi-
crons from the surface. If the user notices any 
bend in the probe tip it has touched the sur-
face and should be retracted.  
 
The approach curves can be performed with 
similar settings for both the SECM150 and the 
M470. Key to the approach curves is to use 

small slow steps, which trigger early to reduce 
the step size and terminate the experiment. 
Typical initial approach settings with regards 
to movement and triggers are seen in Table 4. 
Once the user has an idea of the proximity of 
the probe to the surface they may feel confi-
dent in altering these triggers to occur later. 
 
Table 4: Typical settings used to perform an approach 
curve with a 1 µm probe are given. 

Parameter Setting 

µm / Point 0.25 
Step & Sweep Velocity 

(µm/s): SECM150 
5 

Step & Sweep Velocity 
(µm/s): M470 

2 

Acquisition pre-delay (s) 0.1 
Number of Samples 100 

Sample Rate (Hz) 1000 
Step Size Trigger on %Bulk On 

Step Size Trigger: Maximum 
(%bulk) 

110% 

Step Size Trigger: Minimum 
(%bulk) 

90% 

Step Size Trigger: Revised 
Step Size 

0.05 µm 

Step Size Trigger: Revised  
Velocity (M470 only) 

1 µm/s 

Terminate Trigger on %Bulk  On 
Terminate Trigger: Maximum 

(%bulk) 
140% 

Terminate Trigger: Minimum 
(%bulk) 

60% 

Terminate Trigger on Value Off 
Retract Probe on Experiment 

Terminate Trigger 
 

 
During the approach the user should monitor 
the measured response. If the approach indi-
cates the probe is touching the surface the ex-
periment should be stopped and the probe re-
tracted. It will be apparent that the probe is 
touching the sample surface if there is a sharp 
change in the approach curve, or a plateau in 
the probe current as seen in Fig. 11.  
 
If the user does not see any change in the 
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probe response over this time they should 
move the probe towards the surface by no 
more than the length of the approach curve. 
This is done with the manual micrometer of 
the SECM150, or using the ‘New Probe Posi-
tion’ controls in the M470 software. 
 

 
Figure 11: The approach curve of the 1 µm probe is 
seen to plateau from the yellow diamond to the end 
of the measurement at -20 µm. This is indicative of the 
probe making contact with the membrane at the yel-
low diamond and then flexing as the approach contin-
ues in the z axis.  

 
In SECM measurements the probe response 
typically occurs within five to six probe diam-
eters from the sample surface. For a 1 µm 
probe the probe must be within 5-6 µm of the 
sample surface. Therefore before proceeding 
with an area scan the user should perform an 
approach curve to two diagonal corners of the 
proposed area to determine the sample tilt. If 
the sample tilt is too large the user should re-
tract the probe far from the sample surface, 
or remove it completely from the holder, be-
fore levelling the sample, and repeating the 
manual approach and approach curves. 
 
IV-5 – Scanning 
Care should be taken to ensure the probe is 
not touching the surface during scanning. Be-
cause small diameter glass probes are slightly 
flexible, it is possible for them to brush along 
the surface, as illustrated in Fig. 12, without 
breaking leading to distorted images. 
 
Once the measurement z position has been 
determined the 1 µm probes can be used for 
line and area scans in constant height mode.  
 

Before performing an area scan it is useful to 
perform a short series of line scans to validate 
the probe z position. If repeatable line scans 
are achieved the probe is likely close enough 
to the surface to perform an area scan. As 
with the approach curves using the 1 µm 
probes, the line and area scans use small, slow 
steps. Using fast scan rates can lead to solu-
tion stirring potentially causing noisy meas-
urements. Typical settings for a line/area scan 
using the 1 µm probe are shown in Table 5.  
 

 
Figure 12: The flexible nature of the ≤5 µm probes 
means it is possible to set the z position so they flex 
and brush across the sample surface as shown. The 
blue arrow denotes the scan direction.  

 
Table 5: Typical settings used when performing a line 
or area scan with the 1 µm SECM probes are given. 

Parameter Setting 

µm/point 0.5-1.0 
Line Delay (secs) 3 

Scan Mode Step 
Velocity (µm/s): SECM150 50.00  

Velocity (µm/s): M470 5 
Return Velocity (µm/s): 

SECM150 
200.00 

Return Velocity (µm/s): M470 50 
Acquisition pre-delay (secs) 0.1 

Number of Samples 100 
Sample Rate (Hz) 1000 

 

V – CONCLUSION 
The ≤5 µm SECM probes have been intro-
duced. Example measurements demonstrat-
ing the use of the 1 µm probes have been 
shown. These measurements have been com-
pared with similar measurements using the   
10 µm probes to demonstrate their ad-
vantages. Guidelines for successfully using the 
≤5 µm probes have been given.  
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