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Abstract 
 
A thick photoresist and its processing have been developed, based on acrylic chemistry, for 
thicknesses up to 700 µm and used for the electroforming of micro parts.  This novel negative 
tone resist has the advantages of aqueous processing, good mechanical flexibility and ease of 
stripping.  It has been applied to the fabrication of two demonstrators, a 60 µm nickel foil 
with 32 µm holes and a 300 µm thick gear wheel with radii of curvature of 60 µm at the teeth.  
At the smaller thickness, the resist was spin-coated and could be either bath or spray 
developed.  At the larger thickness, the resist was blade-coated and spray-developed.  Nickel 
foils with precise holes and a ratio of thickness over radius variation of about 40 were 
fabricated.  Gear wheels were also fabricated successfully. 



Introduction 
Thick photoresists are used extensively in microsystem / MEMS technology, especially as 
molds for electroplating. The most widely used thick resists, SU-8 [1] and polyimide [2], have 
a number of disadvantages.  SU-8 is prone to mechanical stress leading to adhesion problems. 
Moreover, they are difficult to strip using conventional processing methods. In the present 
work, a photoresist for a thickness of up to 700 µm has been developed that is more flexible 
(less stress) and easier to strip. This specifically optimized negative photoresist is based on 
acrylic chemistry as is commonly used in resist materials for the fabrication of printed circuit 
boards and photochemical machining. It is processed with aqueous chemicals, which is an 
economical alternative over solvent-based processing. 
 
The photoresist presented here is the result of an optimization where more than a dozen 
different formulations have been explored, with improvements on adhesion and 
developability, and optimization of processing, in particular the development media. The 
resist, named DiaPlate 133, is sensitive to UV exposure in the range 300-450 nm.  In this 
work, it has been applied to the electroforming of precision micromechanical devices. Two 
demonstrators have been fabricated successfully: 50 µm thick Ni foils with inkjet printer 

nozzles of 32� 1.5 µm diameter and 300 µm thick Ni gear wheels. The choice of substrates for 
this resist has been determined by three factors: the resist must adhere well to the substrate, 
the substrate must be electrically conducting and/or cleanable for the electroplating. It turned 
out that both gold and chromium met these three requirements, and the processing was 
performed on Si wafer substrates coated with these metals. Structures below 100 µm 
thickness were achieved with spin coating and bath development. Thicker structures were 
realized with blade coating and spray development. Also, two slightly different resist 
formulations different solvents have been elaborated for the two thickness ranges. Holes with 
an aspect ratio of ~1 could be fully opened in the entire thickness range, while resist flanks 
were vertical within a height to width ratio of 40:1 for 50 µm high structures.  
 
The applications of the resist are not limited to electroplating. It has also been used for 
photolithography on wafers with 30 µm high steps. The photoresist covered these steps very 
well, with hardly any topology resulting on the resist surface.  
 
The paper briefly discusses the requirements and choice of substrates for the electroforming 
in section 2.  The elaborated microstructuring process and the obtained results for structures 
below 100 µm are presented in section 3.   Processing and results for structures above 100 µm 
are presented in section 4. 

1. The Photoresist 
DiaPlate 133 is a negative working acrylic resist which gives crosslinked, insoluble structures 
in areas exposed to radiation. The resist formulation is a complex mixture of ingredients 



containing acrylic binders with carboxilic acid groups, liquid multifunctional acrylates, a 
photosensitizer and a photoinitiator, dyes, additives for improving adhesion and flow and a 
solvent to get a liquid coating solution.  
 
The carboxilic acid groups of the binder provides sufficient solubility of the unexposed resist 
in weakly alkaline carbonate solutions to develop, or wash off. The polymerized exposed 
areas of the resist are not soluble in the developer solution under normal processing 
conditions, but have some solubility in the stronger alkalinity of strippers, so that they swell, 
crack, flake off and partially dissolve (strip). The binder homopolymer is the major 
component of the resist and provides, beside the solubility properties, good adhesion to the 
chosen substrate. This is achieved by the incorporation of electron-rich sub-groups, which can 
interfere with the orbitals of the metal substrate.  
 
The initiation of the acrylate polymerization by radicals is a multi-step procedure which 
typically starts with the absorption of a photon by the photosensitizer. The photo-exited 
sensitizer can then transmit its energy to the photoinitiator, which forms a organic radical, and 
starts a chain polymerization. The radical polymerization of acrylates which have more then 
two acrylate moieties bound the same molecule yields a crosslinked, three-dimensional 
network. The photosensitizer has its main absorption band in the region of 350 to 420 nm and 
corresponds well with the major emissions of the light sources, mercury lamps, used for the 
exposure of the resist. The concentration of the sensitizer is optimized to the thickness of the 
resist layer applied. 
 
The solvent carrier of the resist is propylene glycol monomethyl ether. This solvent allows to 
make resist solution with a solid content up to 65%. This solvent was also chosen because of 
its properties in the drying step. It does not lead to wrinkles and incorporated gas bubbles. 

2. Substrates 
 

The requirement for the substrates were 

�� Good adhesion even for very small structures, sufficient to avoid parasitic galvanic 
growth under the developed resist structures 

�� Clean, electrically conducting surface to allow the galvanic growth to start uniformly 

�� Moderate mechanical adhesion between substrate and electroformed part in order to peel 
the latter from the substrate 

Thin metal film coated 100 mm silicon wafers were used as substrates, and Au, Cu, Ti, TiW, 
TiN and Cr layers were evaluated initially. In initial photoresist formulations, adhesion was 
satisfactory for all but Au; in the final formulations, good adhesion was obtained on Au as 
well. 150 nm Cr and 100 nm Au layers were preferred for the envisaged applications. 



3. 60 µm photoresist thickness 
For the 50 µm Ni inkjet foils, the required photoresist structures were arrays of 32 µm 
diameter and 60 µm high columns. The development of such open geometries is relatively 
easy, whereas adhesion, surface cleanliness and conductivity are more challenging 
requirements.  The narrow holes could be a challenge for stripping, and this is where the 
present photoresist was of particular advantage.  
 
Photoresist layers in this thickness range could be readily spin-coated on as-deposited 
substrates. 60 µm (baked) thickness was obtained by spinning for 5 sec at 500 rpm, followed 
by spinning for 30 sec at 600 rpm. 
 
The resist layers were soft baked in a ventilated oven at 85°C for 60 min, resulting in tack-
free surfaces, allowing contact mode exposure. 
 
The dried photoresists were exposed in an Electronic Visions Al-6 or Karl Suss MA56 mask 
aligner at a wavelength of 365 nm, in hard contact or vacuum contact mode, the latter for 
highest precision. Exposure dose was 1000 - 2000 mJ/cm2.  The dimension of the resulting 
resist columns was found to depend only weakly on exposure dose, with a variation of the 
diameter of about 1-2 µm in the above range. Immediately after exposure, the resist was 
subjected to a post-exposure bake at 80°C for two minutes for adhesion promotion. 
 
Development is generally a very critical process step for thick photoresists, and the best 
results are in principle obtained with spray development. But at this thickness, and as long as 
the structures did not comprise holes of a size comparable to thickness, bath development was 
still possible.  This was done in aqueous solutions, either 1% Na2CO3 at 30°C or in 1% 
Na2SiO3 at room temperature, with a development time of 4-5 min. A developed resist 
column is shown in Figure 1a. It has a ratio of radius variation over height of 44. For 
structures with small holes, spray development was found preferable, and square holes down  
to 30 µm side in a 40 µm resist layer were fully opened (Figure 1b). 
 
A postbake at 110°C for 10 min (ventilated oven) appeared to favor subsequent surface 
cleaning, but may well become redundant in future by fine-tuning the process. 
 
In order to avoid a slight contamination of the substrate by residual non-polymerized material, 
a rinse in a salt solution (700 mg/L MgSO4, alternatively even tap water can be used) was 
performed directly after development, followed by rinsing in DI water, resulting in visually 
clean developed areas. 
 
Electroforming began with a proprietary surface cleaning procedure, followed by Ni plating 
in a proprietary plating solution. The nickel foils were peeled from the substrates, either 
before or after stripping. 



 
Stripping of the photoresist was readily achieved in 4wt-% aqueous NaOH or KOH at 80°C 
for 10 min. The resist strips as small flakes which subsequently dissolve in the solution. 
 
Resulting nickel structures are shown in Figure 2. 32 µm holes are shown in top view and 
cross section, and a sidewall is visualized for a 100 µm hole. Good quality vertical sidewalls 
have been obtained.  The desired 32 µm diameter geometry was realized successfully and 

repeatedly, with the hole diameter controlled to within � 1.5 µm. 
 
This photoresist also has a wider application potential in microsystem technology. It has been 
used successfully at CSEM in a micromachining process step to pattern 30 µm deep 
(oxidized) silicon structures in a BHF etch, with essentially the same processing parameters. 
Stripping by KOH or NaOH is not possible however, as the Si structures on the wafer would 
be damaged.  Instead, a commercial NMP/amine based stripping solution, Posistrip EKC 830 
[3] was found to perform well, allowing stripping at 70°C in 10 minutes. 

4. 200-500 µm photoresist thickness 
At these higher thicknesses, soft-baking and developing the photoresist represent a much 
greater challenge.  Molding and electroforming was demonstrated with gear wheels of 11 mm 
diameter with the smallest radii of curvature of 60 µm at the teeth. A slightly different 
photoresist formulation was used to facilitate drying, using PM (propylene glycol 
monomethyl ether) as solvent. 
 
Blade coating was used to coat wafers with resist, employing a micrometer adjustable variable 
gap applicator [4]. Photoresist was poured on the wafer and spread regularly by means of the 
applicator edge that passed slowly above it at constant speed. A simple 0.5 mm thick 
aluminum edge protection ring was used to coat wafers within a well defined circle. 
 
The following soft-bake procedure was used: 

1. Leave overnight in air at room temperature. 
2. Bake 2.5 hours in ventilated oven at 85°C. 
3. Bake 2 hours on hot plate at 85° C. 

This again resulted in tack free surfaces suitable for contact mode exposure. 
 
The exposure dose was adapted to the larger thicknesses, and 2000 to 4000 mJ/cm2 ensured 
polymerization down to the substrate. The exposure mode was hard-contact and the post-
exposure bake recipe was the same as for the thinner resists. 
 
Bath development cannot be used anymore at these thicknesses, and spray development was 
employed. Development time was 4-5 minutes in 1% Na2SiO3 at 30°C in a conventional PCB 
spray developing machine. A salt rinse was performed as for the thinner resists. Figure 3a 



shows a developed resist of 200 µm thickness. A 500 µm thick photoresist mold for a gear 
wheel is shown in Figure 3b. 
 
After a surface cleaning procedure, nickel electroforming was performed successfully. This 
resulted in mechanical pieces of regular, 300 µm thickness, as illustrated in Figure 4.  The 
results are at this stage preliminary, and full quantitative qualification of the process still 
needs to be done. 
 
The photoresist was again stripped in 4wt-% aqueous NaOH or KOH at 80°C. 
 
In conclusion, a novel photoresist and its processing have been successfully developed and 

applied to the galvanic fabrication of micro parts, a nickel foil grown in a mold of 32 �  1.5 
µm diameter columns and 60 µm height, and gear wheels grown in a mold of 500 µm 
thickness.  Processing involved aqueous chemicals, spin or blade coating and bath or spray 
development, depending on thickness.  This photoresist is expected to find wider applications 
in microsystem technology. 
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Figure Captions 
Figure 1: (a) SEM image of 32 µm diameter photoresist column of 48 µm height, (b) top 

view image of developed square holes in 40 µm photoresist (distance between 
bars=45 µm). 

Figure 2: (a) Optical microscopy image of an electroformed hole in a ~50 µm nickel foil   
(distance between bars=30.8 µm), (b) SEM image of cross section of  
electroformed hole (bar length: 20 µm), (c) SEM image of 100 µm diameter 
hole (bar length: 20 µm). 

Figure 3: (a) SEM image of 200 µm thick photoresist mold of a gear, (b) overall view of 
a 500 µm high mold. 

Figure 4: Nickel gear, 300 µm thick, (a) SEM detailed view and (b) full view. 


