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Conductivity of SU-8 Thin Films through Atomic Force 
Microscopy Nano-Patterning
 Processing fl exibility and good mechanical properties are the two major 
reasons for SU-8 extensive applicability in the micro-fabrication of devices. In 
order to expand its usability down to the nanoscale, conductivity of ultra-thin 
SU-8 layers as well as its patterning by AFM are explored. By performing local 
electrical measurements outstanding insulating properties and a dielectric 
strength 100 times larger than that of SiO 2  are shown. It is also demonstrated 
that the resist can be nano-patterned using AFM, obtaining minimum dimen-
sions below 40nm and that it can be combined with parallel lithographic 
methods like UV-lithography. The concurrence of excellent insulating prop-
erties and nanometer-scale patternability enables a valuable new approach 
for the fabrication of nanodevices. As a proof of principle, nano-electrode 
arrays for electrochemical measurements which show radial diffusion and no 
overlap between different diffusion layers are fabricated. This indicates the 
potential of the developed technique for the nanofabrication of devices. 
  1. Introduction 

 Polymers are key materials in micro- and nano-fabrication of 
electronic and mechanical devices. Polymer-based resists are 
primarily used to transfer patterns to substrates via lithography 
and subsequent etching, deposition or implantation. [  1  ,  2  ]  How-
ever, polymers can also be used as structural layer(s) of mechan-
ical micro-devices. [  3–5  ]  The majority of the techniques employed 
to shape the polymer layers are based on the exposure of the 
resist to an energetic radiation, as photons in optical lithography 
(OL) or to a beam of electrons in electron beam lithography 
(EBL). Upon exposure, the resist endures fundamental changes 
in its structure, like scission of the chains (positive resists) or 
cross linking (negative resists), which allows the removal of the 
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exposed (positive) or non-exposed (nega-
tive) part of the resist via chemical dis-
solution during development. Patterning 
such polymers with deep sub-micrometric 
resolution is a necessary condition for 
many applications, including CMOS fab-
rication, and has become a major struggle 
for most research groups, due to the high 
cost-of-ownership of the specialized equip-
ment that allows such resolution (e-beam 
or deep UV). As a result, in recent years 
we have witnessed the development of 
different novel lithographic methods that 
provide good resolution with low opera-
tional and ownership costs as for example 
nanoimprint lithography, [  6  ,  7  ]  nanostencil 
lithography [  8  ,  9  ]  or scanning probe lithog-
raphy (SPL). [  10  ,  11  ]  

 Almost since its invention, atomic force 
microscopy (AFM) has attracted a lot of 
attention as a potential nanolithography tool due not only to the 
very small features achievable (below 10 nm [  12  ] ) but also to the 
possibility to perform morphological and physical characteriza-
tion of the as-formed patterns by the same tip that performs the 
lithography. Different types of SPL have been demonstrated, like 
local oxidation [  13  ]  or reduction, [  14  ]  dip-pen nanolithography, [  15  ]  
nano-scratching, [  16  ]  thermomechanical deformation, [  17  ,  18  ]  depo-
sition [  19  ]  or desorption, [  12  ]  or local chemical lithography. [  20  ]  All 
of them, though very precise, suffer from a very low throughput 
(they are serial processes) that limits their applicability. In order 
to improve SPL techniques’ throughput, it is possible to utilize 
probe arrays [  21  ,  22  ]  or to combine them with other faster tech-
niques like EBL or OL. 

 Poly-(methyl methacrylate) (PMMA) is a good option for the 
combination of SPL and EBL. In a previous work, [  23  ]  we have 
presented an study of the mechanism of local modifi cation of 
PMMA by AFM under the application of a voltage between tip 
and substrate. It was shown that the polymer can be locally dis-
solved when applying a high enough voltage. By analyzing the 
current fl owing between tip and substrate it was concluded that 
the modifi cation is caused by an electrochemical reaction, pro-
vided that a water meniscus between tip and surface is formed. 
The water meniscus in combination with the high electrical fi eld 
created by the application of voltage “supplies” a high density of 
ionic species. These ionic species (mainly OH- ions) are trans-
ported through the PMMA and cause the oxidation of the under-
lying silicon. When the applied voltage is high enough, an addi-
tional electrochemical reaction occurs that causes the dissolution 
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of PMMA. Other works have shown that PMMA can also be 
modifi ed using AFM due to thermal effect [  24  ,  25  ]  or indentation. [  26  ]  

 In this paper, we study the nanopatterning of SU-8 thin fi lms 
by AFM. SU-8 is an epoxy-based negative resist widely used for 
MEMS fabrication [  27  ]  because of its high aspect ratio, [  28  ]  good 
mechanical properties [  29  ]  and etching resistance. [  30  ]  It can be 
patterned via OL and EBL [  31  ]  but, to our knowledge, SPL has 
only been used on SU-8 to create superfi cial patterns of less 
than 4 nm in depth, which has limited practical applications in, 
for example, data storage. [  32  ]  

 As it is demonstrated below, ultra-thin layers of SU-8 are an 
outstanding material to be used in the fabrication of nanode-
vices. We show that they have very good insulating properties 
and extremely high dielectric strength, and that they can be pat-
terned with AFM. We also show the existence of two mecha-
nisms governing such patterning, i.e., mechanical material 
displacement and electrochemical dissolution. Finally, we also 
show a proof of concept of the possibilities that using these 
ultra-thin layers entails, by fabricating nanoelectrode arrays 
with a purely polymeric insulating structure. 

   2. Results 

  2.1. Insulating Properties of SU-8 Thin Films 

 In order to investigate the lithographic possibilities of the resist 
using AFM, we fi rst study the insulating properties of these very 
thin layers of SU-8. In order to do so, samples with well-defi ned 
nanoelectrodes (see Experimental Section and Supporting Infor-
mation) are fabricated ( Figure    1  a). We then contact one electrode 
with a conductive AFM tip, and apply a voltage ramp while moni-
© 2012 WILEY-VCH Verlag GAdv. Funct. Mater. 2012, 22, 1482–1488

     Figure  1 .     Study of SU-8 conductivity: a) AFM topography image of the me
SU-8 layer. Their typical size is 450 nm diameter and 40 nm thick as shown
and non exposed photoresist (purple and orange respectively). c) Fit of the
tunneling law for non-exposed (orange) and exposed (purple) 20 nm thick
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toring the current fl owing through the tip with a low noise ampli-
fi er. The area of the electrodes (around 450 nm in diameter) is 
optimal to allow easy contact with the AFM probe and to obtain 
a proper level of current. A much larger electrode size (several 
micrometers squared) would cause the electronic conductance to 
be dominated by possible point-defects on the fi lm resist.  

 Figure  1 b and c. show typical  I – V  curves performed on 
top of exposed and non-exposed 20 nm thick SU-8 fi lms. The 
fi rst part of the  I – V  curves is dominated by the input noise of 
the transconductance amplifi er used in the experiments. For 
higher applied voltages, a Fowler–Nordheim conduction law is 
observed. By closely analyzing that region (Figure  1 c and Sup-
porting Information), it is possible to extract a dielectric energy 
barrier that, for the exposed resist, is two times that of the non-
exposed. Finally, in the case of the non-exposed resist, dielectric 
breakdown is observed for V  �  35 V; whereas no breakdown is 
observed for the exposed resist.  

  2.2. Indentation Experiments 

 The second set of experiments consists on performing series 
of force vs. distance curves with the AFM on the surface of the 
SU-8 resist. While performing the curves, DC voltage is applied 
between the tip and the substrate (ranging from 0V up to 45V, 
substrate positive) and simultaneously, the electrical current 
fl owing through the tip is registered. This is done for the four 
different types of samples (non-exposed SU-8 on Si, exposed 
SU-8 on Si, non–exposed SU-8 on Au coated Si and exposed 
SU-8 on Au coated Si, see Experimental Section), although in 
the manuscript we only present and analyze the results obtained 
for SU-8 deposited on gold-coated silicon substrates. The rest of 
results are included in the Supporting Information. 
1483wileyonlinelibrary.commbH & Co. KGaA, Weinheim

tallic electrodes deposited by nanostencil lithography on top of a very thin 
 in the cross section graph. b)  I – V  curves on 20 nm thick layers of exposed 
 experimentally obtained current versus voltage data to a Fowler-Nordheim 
 SU-8 layer.  
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     Figure  2 .     Non-exposed resist behavior: Exemplary cases of the three different behavioral regions for non-exposed SU-8 on gold-coated silicon sub-
strates (non-anodizable substrates). a) No conduction. No measurable current can be detected beyond the transconductance amplifi er input noise 
limit. Protrusion can be observed around the indented hole due to mechanical displacement of the resist. The bias voltage applied in this particular 
case is 5 V. b) Conduction after indentation. Electrical current is not detected simultaneously to the tip physically contacting the resist. Once conduc-
tion starts, current grows continuously until loss of physical contact, due to electrical dissolution of the resist, which effectively increases contact area. 
Also for this reason, protrusions are reduced. Bias voltage applied is 15 V. c) Conduction from contact. For high-enough voltages, conduction starts 
simultaneously to physical contact of the tip with the resist. This is due to dielectric breakdown combined with electrochemical dissolution of the resist. 
Saturation of the measured current occurs, together with total removal of the protrusions. Bias voltage applied is 35 V.  

Non exposed SU-8 on Au

(a) Zone 1: No conduction (b) Zone 2: Conduction after indentation (c) Zone 3: Conduction from contact
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  2.2.1. Non-Exposed SU-8 

 When the applied voltage is small, no signifi cant conduction is 
observed, as it can be seen in  Figure    2  a. After a certain threshold 
voltage (which is different from sample to sample but typically 
between 10 and 15 V), conduction can be observed if, and only if, 
a suffi cient long indentation is performed in the resist. Figure  2 b 
illustrates this behavior: no measurable current is observed while 
the tip is indenting the resist (between point (i) and (ii)). Conduc-
tion can be measured approximately at the same time that the tip 
enters in contact with the substrate (when the slope of the defl ec-
tion curve is equal to one). It is observed that the distance between 
points (i) and (ii) decreases with voltage and for suffi ciently high 
voltages (typically above 35 V), conduction and tip defl ection are 
observed to start simultaneously, as it is shown in Figure  2 c.  

 These three different behaviors described are directly corre-
lated with the resulting pattern in the non-exposed resist, as can 
be observed in the insets of Figure  2 . Depending on the voltage 
we can indent (low voltages), partially remove the resist (medium 
voltages) or fully remove the resist (high voltage). For low voltages 
(Figure  2 a) there is no current measured while the force curve is 
showing an indentation and the resulting pattern is an indented 
dot. For medium voltages (Figure  2 .b) current starts to fl ow after 
a certain part of the resist is indented and some of it is dissolved. 
For high voltages (Figure  2 c) current starts almost simultaneously 
with the tip contacting the resist and it is removed completely. 

    2.2.2. Exposed SU-8 

 When performing the indentation experiments on exposed 
SU-8, the behavior of the resist shows some similarities with 
4 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag G
the non-exposed case, but also some differences. For small 
voltages, as in the previously described case, there is no meas-
urable current fl owing through the tip. There is also in this 
case a threshold voltage beyond which conduction is detected. 
The value of the threshold voltage is, although different from 
sample to sample, larger than in the previous case (typically 
between 15 and 25 V). The “delay” between physical contact and 
electrical contact described previously can also be observed for 
both types of substrates (distance between points (i) and (ii) in 
 Figure    3  ). However, this “delay” is now independent of the value 
of applied voltage. Finally, the third region described before, in 
which conduction and defl ection start simultaneously, cannot 
be observed for the exposed resist.  

 Figure  3  shows an exemplary case of force vs. distance curve. 
The current grows steeply to reach an approximately constant 
value that is kept until contact is lost. This is in contrast to what 
can be seen in Figure  2 b for non-exposed resist, where the cur-
rent grows until contact is lost.  

  2.3. AFM Nanopatterning of Thin SU-8 Films 

 In order to explore the possibilities that this resist offers to per-
form AFM based lithography, single dots are patterned.  Figure    4   
shows AFM topography images of some typical results of the 
patterning of dots on non-exposed (Figure  4 a) and exposed 
SU-8 (Figure  4 b). The dots are fabricated by making indenta-
tions at each position while applying a constant voltage between 
tip and substrate. All the points in the same horizontal line are 
obtained with the same voltage. Figure  4 a shows the difference 
mbH & Co. KGaA, Weinheim Adv. Funct. Mater. 2012, 22, 1482–1488
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     Figure  3 .     Exposed resist behavior: Force/Current vs. distance curve taken 
on samples with exposed SU-8 on gold-coated silicon substrate. The 
applied voltage (40 V) is higher than the threshold for conduction. As for 
non-exposed resist (Figure  2 ), the current starts fl owing (ii) after the tip 
enters in contact with the resist (i). The current grows steeply initially until 
it saturates at a value that is kept until electrical contact is abruptly lost.  
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between the three regions described in the previous section 
(see also Supporting Information). For the smallest voltages, 
small notch can be observed together with a protrusion around 
it, which is characteristic of not having any measurable conduc-
tion at all. Above a certain threshold voltage (around 12 V in 
both cases), the notch diameter is larger and protrusions are 
smaller, corresponding to conduction after some indentation. 
Finally, for suffi ciently high voltages (typically above 35 V), no 
protrusions are seen, as illustrated by the cross section.  

 In the case of exposed SU-8, the results obtained when 
patterning dots are similar (regardless of the substrate or the 
applied voltage) and in Figure  4 .b a pattern of 12  ×  12 dots made 
applying a DC voltage of 35V is shown. Protrusions around the 
indented region can be seen in all the cases. 

 In addition to dots, the possibility of line patterning was 
explored and some typical results are shown in the Supporting 
Information. 

    3. Discussion 

 SU-8 formulation contains a Photo Acid Generator (PAG) 
that, after exposure to UV or electron beam radiation, gener-
ates a strong acid, causing the cross-linking of the individual 
© 2012 WILEY-VCH Verlag GAdv. Funct. Mater. 2012, 22, 1482–1488
monomers during the post exposure bake (PEB) (see Methods 
section for further details on SU-8 processing). This turns the 
exposed resist in a more chemically stable, highly insoluble pol-
ymer network. This intrinsic difference between exposed and 
non-exposed material (please note that the baking temperature 
is the same for both types of samples) is the cause of all the 
behavioral differences between them. 

 The results shown in Figure  1  evidence that for the same 
material thickness and electrode area, the conduction through 
the exposed resist is smaller than for the non-exposed case. As 
mentioned before, when fi tting the measured current (above 
the amplifi er noise) to a Fowler-Nordheim tunneling conduc-
tion, we can extract (see Supporting Information) a value for 
the energetic barrier which is double in the case of the exposed 
resist. The dielectric strength value is around 1750 V/ μ m in 
the case of the non-exposed resist and larger than 2250 V/ μ m 
in the case of the exposed resist (note that the latter fi gure is 
the electric fi eld corresponding to the maximum voltage we are 
able to apply with our experimental setup, and the actual die-
lectric strength might be much higher). This means that the 
insulating properties of the exposed resist (cross-linked mate-
rial) are far superior to its non-exposed counterpart. The huge 
values of the dielectric strength (more than one order of mag-
nitude larger than the reported bulk value [  33  ] ) are due to the 
small area tested under our electrodes. If a much larger area 
was tested (in the order of mm 2 ), the dielectric strength would 
most certainly decrease due to point-defects in the resist. 

 As it has been introduced before, in addition to being more 
insulating, exposed resist is more stable chemically and less 
soluble. This is crucial to understand the results from both 
the indentation experiments and the AFM patterning of the 
resist layers. We propose three different mechanisms affecting 
the current: (1) Fowler-Nordheim tunneling, (2) direct contact 
with the bottom substrate, and (3) oxidation of the substrate. 
The latter does not apply to gold-coated samples and it is only 
important for bare silicon substrates (see Supporting Infor-
mation). The fi rst mechanism depends exponentially of the 
resist thickness, and thus on the indentation length; but it also 
depends on the area of conduction, which is affected by the dis-
solution of resist, in a similar way as reported for PMMA. [  23  ]  

 When the applied voltages are suffi ciently large, conduc-
tion starts at the same time than physical contact for non-
exposed resist and no protrusion remains after indentation (see 
Figure  2 c). We believe this corresponds to the dielectric break-
down of the resist, which can also be observed in the conduction 
experiments. As soon as the tip contacts the resist, current fl ows 
through it, causing the resist to dissolve and disappear, leaving 
no trace of protrusion. As it has been stated before, for exposed 
resist the dielectric breakdown could not be experimentally 
reached and, therefore, the region where physical and electrical 
contact start simultaneously is not observed. The resist disso-
lution is believed to be electrochemical in nature. Experiments 
performed on SU-8 deposited on bare silicon substrates (see 
supporting information) show the occurrence of substrate oxi-
dation, indicating ionic transport through the resist, which in 
turn would generate an electrochemical reaction within the 
resist. Another possible explanation for the resist removal would 
be a thermally assisted process, but given the small amount of 
current fl owing through in our experiments, we consider the 
increase in temperature to be almost negligible. 
1485wileyonlinelibrary.commbH & Co. KGaA, Weinheim
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     Figure  4 .     Single nanodots patterning on SU-8 with AFM: Dynamic mode AFM topographic 
images and respective selected cross-sections (following the dashed lines) taken just after the 
AFM lithographic processes on 20 nm thick layers of SU-8. a) Non-exposed resist: the threshold 
for conduction (around 10V) and the point where conduction and contact happen simulta-
neously (40V) are also apparent. b) Exposed resist: protrusion remains present in all cases, 
regardless of the applied voltage. We present an array of 12  ×  12 holes performed applying 35V 
between tip and substrate. Inset: zoom in one of the indented holes.  
 For very small applied voltages, no conduction is observed 
above the amplifi er noise, even after long indentations. This 
can be understood from the fact that the contact area is origi-
nally undefi ned but very small (of the order of few nm 2 ). As no 
appreciable current is fl owing, protrusion can be observed as a 
consequence of polymer displacement during indentation. This 
can be observed in Figure  2  and  4 . 

 For intermediate voltages, conduction is measurable once the 
tip is close enough to the substrate. That can happen via tun-
neling or via direct contact with the substrate through a minute 
area. In any case, once current is fl owing, non-exposed resist 
starts dissolving, leading to a decrease of the resist thickness 
around the tip or, alternatively, an increase of the contact area 
(note that the water meniscus can increase the radius of con-
tact when no resist is present). This is illustrated in Figure  2 b, 
where the current monotonically increases due to the dissolu-
tion of the resist, which also causes the reduction (or even dis-
appearance) of the protrusions. 

   4. Application 

 The experiments shown before demonstrate that ultrathin SU-8 
layers (especially the exposed ones) present highly insulating 
properties and that their nano-patterning via AFM is feasible. 
As SU-8 can also be easily patterned via OL, the resist is a very 
appealing material for the fabrication of nanodevices. We pro-
pose here the fabrication of nanoelectrode arrays by using metal 
86 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Wein
and thin-layers of SU-8 as a proof of concept 
of the possibilities that this resist offers. 

 Nanoelectrodes are electrodes [  34  ]  with a 
critical dimension (one of the dimensions 
that control the electrochemical response) 
smaller than a few hundreds of nanometers. 
Compared to micro- or macroscopic elec-
trodes, by shrinking their size some benefi ts 
are obtained: (1) increase of the Faradaic-to-
capacitive current ratio; (2) decrease of the 
effect of high solution resistance; (3) radial 
diffusion (diameter much smaller than dif-
fusion length) which causes an increase in 
mass transport and signal-to-noise ratio; 
(4) rapid establishment of steady-state lim-
iting currents, which are essentially convec-
tion independent. [  35  ,  36  ]  In addition, nano-
electrodes are gaining high interest because 
they can be functionalized and thus show 
a response caused by only a handful of bio-
molecules. [  37  ,  38  ]  However, due to their ultra-
small sizes, nanoelectrodes provide very 
small electrical currents (typically in the 
order of a few pA), which is the main motiva-
tion to fabricate nanoelectrode ensembles or 
arrays (NEAs), [  39  ,  40  ]  which can operate as a set 
of individual electrodes connected in parallel, 
thus amplifying the signal (when the ratio of 
the interelectrode distance to the radius of a 
single electrode is large enough). 

 AFM modifi cation of polymers for device 
fabrication has been demonstrated to obtain 
tunnel nanojunctions. [  41  ]  Here, we follow a short and inexpen-
sive fabrication procedure (described in the Supporting Infor-
mation) to fabricate NEAs of different sizes. Figure  4 b shows an 
AFM image after indenting an array of 12  ×  12 nanoelectrodes. 
The actual size of the aperture is diffi cult to measure due to 
tip convolution (logically unavoidable if patterning and imaging 
are performed with the same tip), but each radius is  <  40nm (at 
the bottom). The space between the apertures is 1  μ m. 

   Figure 5   shows some typical examples of cyclic voltammo-
grams (CV) of a NEA with 10  ×  10 electrodes. Figure  5 a shows 
the response for different concentrations of potassium ferrocya-
nide (1 mM, 5 mM and 10 mM) at a fi xed scan rate (50 mVs  − 1 ). 
The sigmoidal shape in the voltammograms is a sign of radial 
diffusion, as expected from a NEA where the electrode radius is 
much smaller than the ionic diffusion length. Figure  5 b shows a 
number of sweeps in a 1 m M  solution at different scan rates. The 
observed scan-rate independent limiting current behavior (up 
to 100 mV s  − 1 ) indicates that there is no diffusion layer overlap 
between the electrodes, which is also expected because the pitch 
between individual electrodes (apertures on the SU-8) is 1  μ m. 
As the ratio between such pitch and the radius of each aperture 
( < 20 nm) is larger than 40, the conditions for the electrode array 
to produce sigmoidal shape voltammograms even at fast scan 
rates are satisfi ed. [  42  ,  43  ]  This enables high speed detection of ana-
lytes and investigation of redox processes having fast kinetics.  

 In addition, as it can be seen in Figure  5 b, in our cases the 
forward and reverse scan curves in the voltammograms are 
almost identical, indicating very low capacitive current which is 
heim Adv. Funct. Mater. 2012, 22, 1482–1488
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     Figure  5 .     Nanoelectrode behavior: Cyclic voltammograms on a NEA of 10  ×  10 apertures in SU-8 in potassium ferrocyanide (K 4 Fe(CN) 6 ) with potas-
sium chloride as supporting electrolyte (0.1  M  of KCl). a) Typical example of CV in different concentrations of potassium ferrocyanide showing a clear 
sigmoidal curve, with a scanning speed of 50 mV/s. b) Scan rates of 10, 50 and 100 mV/s showing the scan-rate-independent limiting current behavior 
and that the capacitive current increments with the increasing scan rate, causing more separation between forward and reverse scans. Potassium 
ferrocyanide concentration was kept at 1m M .  
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attributed to the very small electrode sizes. Finally, the current 
leakage is remarkably small, which is direct consequence of the 
good insulating properties of exposed SU-8. 

   5. Conclusions 

 By performing local electrical measurements of the electrical 
properties of ultra-thin layers of SU-8, we have found that SU-8 
has outstanding insulating properties and enormous dielectric 
strength (2 orders of magnitude higher than SiO 2 ). The experi-
ments have also shown that exposed SU-8 is less conductive 
and more chemically stable than the non-exposed case. We have 
analyzed and demonstrated the creation of nanopatterns by 
AFM on ultra-thin fi lm layers of SU-8 and we have elucidated 
the mechanisms by which the patterns are created: a combina-
tion of mechanical indentation and electrochemical dissolution 
of the resist (for the non-exposed resist) and, in the exposed 
case, only mechanical indentation (no electrochemical dissolu-
tion is observed). Finally, as a proof-of-concept for the applica-
bility of AFM-based lithography on ultrathin SU-8 layers, we 
have shown the fabrication of NEAs. The prototypes show the 
expected nanoelectrode behavior, confi rming the exceptional 
insulating properties of the exposed resist and its potential for 
combination with more established lithography techniques, as 
OL. The demonstrated technology is fl exible, with very low min-
imum dimensions and relatively high throughput, and there-
fore can open new avenues for the fabrication of nanodevices. 

   6. Experimental Section 
  Sample Preparation : Four different types of samples with SU-8 resist 

were prepared, as defi ned by the substrate type (silicon or gold coated 
silicon) and the condition of the resist (exposed or non-exposed) (See 
Table S1 in Supporting Information). Silicon samples were obtained by 
dicing standard 100 mm in diameter p-type  < 100 >  Si wafers. For the 
gold coated samples, wafers of the same type were metalized using a 
bi-layer of chromium (adhesion layer) and gold (Cr/Au) with respective 
thicknesses of 2 nm/50 nm. The metals were e-beam evaporated (room 
temperature, 2  ×  10  − 4  Pa, 2 Å s  − 1 ). 
© 2012 WILEY-VCH Verlag GmAdv. Funct. Mater. 2012, 22, 1482–1488
 Prior to the SU-8 deposition, all the chips were cleaned by dipping 
them for 1 minute in acetone and 1 minute in isopropyl alcohol (IPA). 
Then, they were rinsed in deionized water and dried with N 2 , and fi nally 
dehydrated during 30 minutes at 200  ° C in a convection oven, in order 
to improve adhesion of the resist layer on to the substrates. Spin 
coating was done at 3000 rpm during 45 seconds with an acceleration 
of 400 rpm s  − 1 . The resist was then soft baked during 15 minutes in a 
hot plate, increasing the temperature from 65  ° C to 95  ° C (with a ramp 
of 3  ° C/min). After this step, all the samples were cleaved, leaving one 
half with unexposed resist while the other half is locally exposed with 
ultraviolet radiation (I line). This way, both exposed and unexposed 
samples have the same thickness, thus allowing the characterization 
(measuring steps in exposed resist). The exposure dose utilized was 
36.4 mJ cm  − 2  and the exposed samples were subsequently baked (post 
exposure bake, PEB) during 20 minutes in a hot plate, increasing the 
temperature from 65  ° C to 95  ° C (with a ramp of 3  ° C/min). The resist 
formulation contains a Photo Acid Generator (PAG) that after the 
UV-exposure, during the PEB, generates a strong acid which causes 
the cross-linking of the individual monomers, resulting in an insoluble 
very dense material. Finally, a developing step was performed (on the 
exposed samples) in order to remove the non-exposed resist by dipping 
the samples in Propylene Glycol Methyl Ether Acetate (PGMEA) and 
rinsed with IPA, deionized water and dried with N 2 . 

 Three different commercially available epoxy based resists have been 
used for the experiments in this paper: SU-8 2000.5 from Microchem, 
SU-8 GM1040 from Gersteltech and mr-EBL 6000.1 from Microresist 
Technology. In order to obtain thin layers ( < 30 nm) every resist was 
diluted. We chose to decrease the viscosity of the resists to get our 
desired thickness when spinning at 3000 rpm. The optimized dilutions 
are: SU-8 2000.5:cyclopentanone with a ratio 1:20, GM1040:PGMEA 
with a ratio 1:8, and mr-EBL 6000.1:PGMEA with a ratio 1:2. AFM 
characterization of the prepared samples showed resist thicknesses 
between 20-30 nm in all cases and roughness of the resist surface, with 
or without exposure, lower than 0.5 nm rms. 

  Sample Preparation for Determination of Insulating Properties of 
SU-8 Thin Films : In order to make  I – V  curves to fi nd out the volume 
resistivity for such thin layers, we have deposited Cr/Pt (5/50 nm) 
electrodes on top of non-exposed and exposed SU-8 thin fi lms by stencil 
lithography. The stencils were prepared by patterning low stress silicon 
nitride membranes with holes of approximately 400 nm in diameter. [  44  ]  
Metallization was performed after fi xing the stencil on our substrate and 
then introducing them into an e-beam evaporator to deposit the bilayer. 
The deposition was done on substrates with gold deposited underneath 
the ultra-thin SU-8 layers, both exposed and non-exposed. 

  AFM Experiments : All the AFM experiments presented in this paper 
were performed using a Dimension 3100 AFM microscope system with 
a NanoScope IV controller (from Bruker AXS) in a clean environment 
1487wileyonlinelibrary.combH & Co. KGaA, Weinheim
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with a temperature of 21.0  ±  0.5  ° C and a relative humidity of 50  ±  5%. 
AFM probes for non-contact (dynamic) mode without coating (nominal 
values of 40 N/m for the spring constant and 250 kHz for the resonant 
frequency, supplier Bruker AXS, model RTESP, part MPP-11100-10) have 
been employed. 

 In order to measure the current fl owing through the AFM tip while 
applying a voltage between the tip and the substrate, a commercially 
available current amplifi er (I/V converter) was used. This module can 
detect low-and mid-strength electrical currents, with four different 
selectable sensitivities (1 pA V  − 1 , 10 pA V  − 1 , 1 nA V  − 1  and 100 nA V  − 1 ). 

   Supporting Information 
 Supporting Information is available online from the Wiley Online Library 
or from the author.  
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