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Thermally structurable positive resist AR-P 8100

Anionically polymerized polyphalaldehyde (PPA), the base polymer for the thermo-structurable resist Phoenix 81, 
is a white powder which is storage-stable for at least 4 weeks at room temperature. PPA can thus be shipped with 
standard shipping and does not require the highly cost-intensive refrigerated transport of PPA solutions.

When stored in a refrigerator (8 - 12 °C), the PPA polymer is stable for at least 6 months. For long-term-storage, 
we recommend temperatures of -18 °C since this ensures that PPA remains stable for at least one year.

The polymer PPA dissolves easily in anisole. By varying the polymer concentration, solutions can be produced fle-
xibly to realize different film thicknesses values. The film thicknesses can furthermore be varied by changing the spin 
speeds. This is exemplarily shown for AR-P 8100.03 (solids content: 2.5 %) and AR-P 8100.06 (solids content: 5.5%) 
in the table “Properties I“.

The following graph shows the relationship between polymer concentration and resulting film thickness. 

Information on PPA, the base polymer of Phoenix 81 

1.	 To prepare the PPA solutions, the weighed quantity of PPA is given into a suitable vial before the calculated 
amount of anisole is added. The mixture is stirred or shaken at room temperature until after about 10 minutes 
a clear, homogeneous solution results. 

2.	 The PPA solution is transferred into a syringe of appropriate size and filtered using a 0.2 μm syringe filter into a 
dry and clean bottle. 

Formulation example for 2.5 % solution 

2.5 g PPA + 97.5 g anisole = 100.0 g of 2.5 % 0.2 µm filtrated polymer solution. This corresponds to AR-P 8100.03 
with respect to the properties. Please note: 2.5 % is rounded up to 3 % in the product designation.

Storage

PPA solutions are only stable at low temperatures; we thus recommend storage at -18 °C. In this case, solutions are 
stable for at least 6 months. Prior to use, solution should be warmed to room temperature to avoid condensation 
of moisture. Short-term use of PPA solutions at room temperature (up to 3 hours) will still ensure the high product 
quality. 

 Preparation and use of PPA solutions 

Dependency of film thickness on solids content (anionic PPA in anisole, 4000 rpm, 30 s, open chuck)
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Spin curve Properties II

Characterisation

AR-P 8100 (Phoenix 81) for NanoFrazor applications
High-contrast, thermolabile resist for integrated circuits and holographic structures

•	 for tSPL (thermal Scanning Probe Lithography)
•	 film thickness 20 - 160 nm
•	 high resolution (< 10 nm) and very high contrast
•	 very process-stable
•	 not photosensitive > 300 nm
•	 well suited for two-layer processes (lift-off)
•	 for the production of „overlay-patterns“
•	 application in grey-tone & e-beam lithography
•	 solution of PPA in safer solvent anisole

Glass trans. temperature (°C) Decomposition > 120°C
Cauchy coefficients N0 1,563

N1 81,9
N2 0

Plasma etching rates (nm/min)

(20 mbar, 120 V Bias, 400 W 
(ICP), 20 W (RF))

90 H2+ 10 
Ar

42

Substrate Si waver
Soft bake 110 °C, 2 min, hot plate

Structuring NanoFrazor

Adhesion promoter AR 300-80 neu, HMDS
Thinner AR 600-02
Remover AR 600-01, AR 600-02

Thermally structurable positive resist AR-P 8100

Process parameter

Structure of grey-tone interferenz Resist structures

Plasmonic trimer of 30 nm gold discs 
with 20 nm distance

Etched sinus 
pattern

Properties I

Parameter / AR-P 8100.03 8100.06

Solids content (%) 3 6

Film thickness/4000 rpm (nm) 30 80

Resolution (nm) 10

Contrast (adjustable) 1 - 10

Flash point (°C) 44

Storage temperature (°C) * -18

A
s of: M

ay 2019

* Products have a guaranteed shelf life of 6 months from the date of sale if stored 
correctly and can also be used without guarantee until the date indicated on the label.
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Coating AR-P 8100.03 AR-P 8100.06

4000 rpm, 60 s, 30 nm 4000 rpm, 60 s, 80 nm

Soft bake (± 1 °C) 110 °C, 2 min hot plate or                       

110 °C, 10 min convection oven

Structuring tSPL (NanoFrazor), E-Beam

Customer-specific                                                
technologies

Generation of semiconductor properties, etching

Removal AR 600-02 or O2 plasma ashing

Process conditions
This diagram shows exemplary process steps for AR-P 8100 resists. All specifications are guideline values which have 
to be adapted to own specific conditions. For further information on processing,  “Detailed instructions for opti-
mum processing of e-beam resists”. For recommendations on waste water treatment and general safety instructions, 
 ”General product information on Allresist e-beam resists”. 

Thermally structurable positive resist AR-P 8100

Polyphthalaldehydes (PPA) are thermally structurable resists which were mainly developed 
for tSPL applications with the NanoFrazor (SwissLitho AG). Key element of this device is a 
hot needle scanning the resist surface. With each tip, the thermally sensitive PPA evaporates, 
thereby transferring the desired structures into the layer. Both 10 nm-lines as well as sophis-
ticated three-dimensional structures can be written in this way.

The NanoFrazor technology allows writing structures without vacuum conditions. Due to the 
specific technology, it is also possible to set up the device in a clean laboratory. A cleanroom 
is required for the coating the substrates with resist Phoenix 81. The write speed of the Na-
noFrazor is comparable to the speed of simple electron beam devices for the realization of 
high-resolution structures. 

NanoFrazor technology

Phoenix 81 is not storage-stable at room temperature and should thus be kept cooled at -18 °C. To ensure our high 
quality demands, this product is only shipped in powder form as PPA polymer á 1g.

Prior to coating, the PPA solution should be adjusted to room temperature. Brief heating has no significant influence 

on the stability. PPA layers are thermally sensitive, but significant decomposition processes are only observed above 

temperatures of 120 °C.

Processing recommendations
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Thermally structurable positive resist AR-P 8100

1. Coating
(bottom resist)

AR-P 617.03

4000 rpm, 60 s, 90 nm

1. Soft bake (± 1 °C) 200 °C, 20 min hot plate or                     

200 °C, 30 min convection oven

2. Coating 
(top resist)

AR-P 8100.03 AR-P 8100.06
4000 rpm, 60 s, 30 nm 4000 rpm, 60 s, 80 nm

2. Soft bake (± 1 °C) 110 °C, 2 min hot plate or                                  

110 °C, 10 min convection oven

Structuring
(top resist)

tSPL (NanoFrazor), E-Beam

Development
(bottom resist)

AR 600-50, 30-60 s

Customer-specific                                                
technologies

Generation of semiconductor properties, lift-off

Removal AR 300-76, AR 600-71 or O2 plasma ashing

Two-layer process

Additional information concerning positive two-layer systems

At first, AR-P 617.03 is coated and tempered. After coo-
ling to room temperature, Phoenix 81 is applied as top 
resist. The layer thickness can be varied in a range between 
20 nm and 160 nm. Subsequently, the two-layer system is 
tempered. The thickness ratio of both layers influences the 
structural geometry. To obtain a strong lift-off effect, a thin 
PPA layer and a thick bottom layer is recommended. For a 
dimensionally accurate pattern transfer however, both lay-
ers should be approximately equal in thickness. The entire 
system has to be optimized with regard to the respective 
application.

Development of the lower layer exclusively takes place 
in those areas which were exposed by the NanoFrazor. 
PPA layers are not attacked by developer AR 600-50. 
The development is isotropic and proceeds with defi-
ned speed. Both the duration of the development and 
the developer temperature strongly influence the extent 
of the undercut. The longer the developer exerts its in-
fluence and the higher the developer temperature, the 
more pronounced is the undercut obtained. 

Suitable for the final lifting are remover AR 300-76 or 
AR 600-71.

 Coating  Development

 Lift-off / Removing
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Thermally structurable positive resist AR-P 8100

PPA layers can also be positively patterned directly by 
electron irradiation. Similar to the irradiation of common-
ly used e-beam resists like CSAR 62 or PMMA, electron 
beam exposure induces fragmentation of the polymer 
chains. Polymer fragments resulting from PPA are how-
ever unstable and decompose into the volatile ortho-
phthalaldehyde.

Only very small amounts of monomeric phthalaldehyde 
are directly released in the device during e-beam expo-
sure; only the subsequent PEB leads to an almost com-
plete thermal development. But even in the range of the 
dose to clear (approx. 30 - 40 μC/cm²), a resist layer with 
a thickness of a few nanometres will remain. A residue-
free substrate surface can nevertheless be obtained if a 
short plasma etching step is added. The gradation passes 
through a minimum, but with increasing dose, also the 
concurrent cross-linking processes become increasingly 
important. This undesirable side reaction is due to radi-
cals which are generated during electron irradiation and 
stabilise the layer by cross-linking. These effects also occur 
in PMMA layers, but only at much higher exposure doses, 
and are here used to produce negative PMMA architectu-
res. To determine the resolution limits of AR-P 8100, line 
patterns were examined in detail at the company Raith. 
Lines of different width were written into the PPA layer. 
After PEB and subsequent platinum metallisation, metal 
bridges of < 20 nm width were obtained. The highest 
resolution that could be achieved was 16 nm.

Lines written in PPA (resist AR-P 8100) 

Bridge with width of 16 nm, obtained after sputter coating with 
platinum (film thickness: 4 nm)

Adding PAGs (photo acid generator) to PPA (sample SX 
AR-P 8100/5) can increase the sensitivity and allow a bet-
ter control of the gradation. The exposure causes a release 
of acid in situ which decomposes the PPA layer at 95 - 100 
°C during the following PEB (positive development). The 
thermally induced, solvent-free development proceeds al-
most completely. Despite the addition of PAGs, a very thin 
residual resist layer however remains.

Gradation of SX AR-P 8100/5 after PEB at 98 °C

If PAG-containing resists are used together with AR-P 617 
in two-layer process, the thin remaining resist layer will 
not disturb the further process sequence since it is dis-
solved during the subsequent development. After e-beam 
exposure and PEB, bottom resist AR-P 617 is selectively 
developed with developer AR 600-50. The undercut is ad-
justed specifically by varying the duration of the develop-
ment step. Reliably processable lift-off resist architectures 
can thus be produced. This method allows the realisation 
of metal bridges (platinum):

Application examples 

Patterning of PPA with e-beam lithography
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Thermally structurable positive resist AR-P 8100

Application examples 

Platinum bridges realised with two-layer process, width 58 nm 
(left), 70 nm (right)

The process window is however quite narrow; already 
small variations of the dose affect the obtained line width 
considerably. 

PPA layers can also be structured directly by means of 
photolithography. Irradiation with UV-light of a wave-
length of < 300 nm results in a cleavage of the polymer 
chains to form volatile components. 

By adding PAGs (photo acid generators), the photosensi-
tivity can be significantly increased. The exposure releases 
acid in situ which then decomposes the PPA layer at 95 
- 100 °C during the subsequent PEB (positive develop-
ment).

The thermally induced, solvent-free development step 
proceeds almost completely. Cross-linking processes 
which are also induced by UV-exposure may however 
cause a thin, only a few nanometres thick residual resist 
layer. A residue-free substrate surface is obtained after 
addition of a short plasma etching step.  

PPA layers can also be structured by laser ablation. Subst-
rates coated with AR-P 8100 were patterned at the IOM 
Leipzig with pulsed laser light at different wavelengths. 
This enabled the realisation of architectures with very low 
edge roughness. In the absorption range of PPA (at 248 
nm), complete ablation was achieved without damage of 
the silicon substrate.

0.5 J/cm2, 248 nm, 20 ns, double pulse exposure, 700 nm PPA 
on Si-wafer

Even though PPA shows only a very low absorption at a 
wavelength of 355 nm, a selective ablation with compara-
tively high sensitivity is nevertheless possible. The structu-
res realised here are again characterised by very smooth 
edges.

0.1 J/cm2, 355 nm ps-laser, single-pulse exposure, 700 nm PPA 
on Si-wafer 

The laser beam can also be used to generate 3D structu-
res. Interference projection through a phase mask allows the 
production of lattice structures with sinusoidal shape and 
very low surface roughness.

Experimental setup of interference projection

SEM-image of PPA lattice with sinusoidal progression (period 
~750 nm); 248 nm, 20 ns pulses, number of pulses: 10; 700 nm 
PPA on Si-wafer

Structuring with laser (pulse)

Patterning of PPA with photolithography


