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ABSTRACT

Microlithography uses a variety of resists and pwy materials to create patterns and lithographictires on several
types of substrates. Excellent adhesion of thestesind polymers to the substrate is a prerequisitesuccessful
patterning and pattern transfer. This paper presbetresults of an investigation of the effectamfadhesion promoter,
SurPass, on the lithographic process when usednibination with a variety of resists, and substraggerials. SurPass
is a waterborne, non-hazardous, cationic organiace active agent that promotes adhesion by mindjfthe substrate
surface energy without deposition, chemical chaogé&npact on electrical properties of the substratgerial. The
effectiveness of SurPass in combination with séueosolac and epoxy resists on various substrateeniass will be
presented.
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1. INTRODUCTION

Microlithography uses a variety of resists and pady materials, in combination with a range of stdistmaterials, as
required to obtain the desired properties for tlamufactured device.

Examples of substrate materials include silicosemiconductor, for use as a carrier substrate foulenfabrication.
Semiconducting materials 11l-V (GaAs, InP, GaP ocambination of them) and ceramic substrates (fisckapphire
Al,O3, AIN and ZrQ) are primarily used in microelectronic and optogienic applications and for the manufacture of
high-power, high frequency electronics such asrldeeles and LEDs. Additionally, substrate materiaky be selected
for electroplating (TiOx, Au, Cu) properties and foet/ dry etch fabrication processes (SiOrO, glass, ceramics,
metals, etc.).

Patterning of substrates is performed by expostiresist and polymer materials by various photdecteon, and ion
beam processes. Examples of commonly used resigrialafor soft mask fabrication include diazondpthinone
(DNQ)/ phenolic or novolac resins resists (AZ-typsist, ma-P 1200) and aromatic bisazide/ novalegleslayer lift-
off resists such as ma-N 1400, ma-N 400 [1, 2]nReent three dimensional microlithographic struegucan also be
created using epoxy resist (SU-8) [3] and inorgayidrogen silsesquioxane (HSQ) resist [4].

Adhesion of the resist material to the substrateriigscal for preventing disruptive defects in matting and pattern
transfer such as up-lifting by outgassing and dgmsition during resist exposure, delamination amdencutting during
resist development. In addition, many microlithqdra fabrication processes include additive (etguating, physical/
chemical vapour deposition) and substractive (veky etching) multi-step procedures during which vivasly

manufactured features must remain intact. Any adheselated defects that occur in the patternind Bimographic
process are amplified at each process step.

Hexamethyldisilazane (HMDS) is often employed iitsh semiconductor manufacturing as an effectasst adhesion
promoter. HMDS is well understood to function oficein by converting hydrophilic silano groups ore thubstrate
surface to hydrophobic siloxanes. It is believedt tthe improvement in adhesion is achieved by niiing the film
stress in solvent based hydrophobic resist whemedoan hydrophilic substrates. HMDS functionaligy limited to



silicon based substrates and results vary depermuirtge type of resist used. HMDS is also pronaffitent or over -
priming, is highly sensitive to moisture, and posealth, safety and environmental issues.

In contrast, the SurPass cationic adhesion proneftectively modifies the surface energy of a broagge of substrate
materials for improved surface energy compatibiith a wide range of resist materials without clealty altering the
wafer surface. SurPass is unaffected by substraistune content, and is waterborne and non-hazardsurPass is
available in two formulation, SurPass 3000 and 8ssP4000, both of which are examined here. Aftaiste
development, substrates prepared with SurPasseagmiadditional processing of lithographic patseand are ready for
subsequent pattern transfer process.

2. EXPERIMENTAL
2.1 Resist materials

Three photo-resist type materials were selectedhfair applicability and beneficiality to criticalibstrates used in high
volume pattering application. These include twoalae resin resists and a chemically amplified epesyst.

Positive tone novolac resistna-P 1200 DNQ/ novolac based resist series asgeptative of positive resist for
conventional patterning processes used in wet andteemical etching as well as for electroplatimggesses.

Negative tone novolac resigha-N 400 and ma-N 1400 aromatic bisazide/ novblased resist series developed for
pattern transfer process via physical vapor dejpos{PVD), such as evaporation of metals and spogeand lift-off
processes.

Negative tone epoxy resissU-8 is a chemically amplified epoxy resist thaes a photo acid generator dissolved in a
solvent, eithery butyrolactone (SU-8 series) or cyclopentanone 8SRB0O0 series). This famous representative of
negative tone epoxy resists is used to form highbss-linked structures in the manufacture of peenaand non-
permanent patterns for micro fluidics, micro optiesd MEMS applications.

2.2 Substrate materials

Novolac resist applicationPositive and negative tone novolac resists wemcgssed using substrate materials
representative of semiconductor manufacturing anevet etch and PVD applications, as well as foctetplating.
These include silicon, glass, SiGopper as seed layer for electroplating, and/IBemiconductor materials such as
GaP.

Epoxy resist: SU-8 was patterned on silicon, glass and ,S#Qbstrates for applicability for micro fluidic and
optoelectronic device fabrication or for PMDS moutéinufacturing; on gold coated silicon or on TiGed as a seed
layer for subsequent electroplating processes.

2.3 Sample preparation: substrate pre-treatment and adhesion promoter

Substrate cleaning: New substrate samples weram@for resist coating without any additional oieg step. As pre-
treatment additionally a short oxygen plasma clegustep, and a dehydration bake (DHB) at 180 °Gafdeast 10 min
on a hotplate is applied for the removal of anydkifi humidity.

The substrates were further prepared with eitloepnetreatment for improved adhesion (control), HBpretreatment
by liquid or vapor application (Si containing subses only) or with SurPass adhesion promoter ¥atuation of resist
adhesion, improved pattern resolution, and regifopmance.

The substrates were treated with SurPass adhesimmoper for evaluation of improved pattern resantiand resist
performance. SurPass is characterized as a waterloationic organic surface active agent that fanstby modifying

the surface energy of the substrate and optimizetg potential for greatly improved resist adhesiod performance
[5]. Previous studies of SurPass treated substitiesy no deposition, chemical, or other physicanges to the
substrates when examined by x-ray photoelectroctspeopy (XPS) [6]. In addition, SurPass doesgeoterate volatile
organic compounds (VOC) or break down productsh agammonia, during application, and may eliminhéeneed

for a dehydration back prior to resist coating.Fags is manufactured in two versions designatetueBass 3000 and



SurPass 4000. SurPass 3000 is mildly acidic anthttna cleaning surfactant for enhanced performaBorPass 4000
is slightly alkaline and contains no additives. t&nility of each version was evaluated for spedcifisist - substrate
combinations used by industry. SurPass may appi¢de clean substrate by means of dispense (spiting), spray or
immersion, followed by a water or isopropanol (IPAjse and nitrogen blow or spin dry. For purposésis
investigation SurPass adhesion promoters wereeappli spin coating the solution at 3000 rpm foss3fllowed by an
IPA rinse and nitrogen blow dry.

For comparison, a control group without adhesiammter treatment was prepared.

Resists were lithographically investigated and dampere prepared according to the guidelines availfor each resist
series typically on 4 inch substrates. Novolac mE280 and ma-N 400 and ma-N 1400 resists werecg@ited and UV
patterned with a thickness ranging from 1.0 to 8 fEpoxy SU-8 was spincoated, baked and UV pattetoeibtain a

layer of about 80 um. For the UV patterning a Uddatband mask aligner MA 6 (SUSS) was used. Bakigdone on
hotplates. Development was done by immersion usisgecommended/ suitable specific resist devetofg2eveloped

resist patterns were nitrogen blow dried. Electbpg of nickel was done using a nickel sulphantetih at following

conditions: pH value: 3-4, temperature: 55 °C, enrdensity: 2A/ df

2.4 Characterization and evaluation of patterned resist

The surface tension or energy of the untreatedpagdreated substrates was characterized by detatiom of the static
contact angle. The static contact angle of a wdtep deposited on the substrate indicates the hiktyaand the
hydrophobicity or hydrophilicity of a substrate faae.

The coated and patterned resist layers were inspetgsually, by optical microscope and Scanningted& microscopy
(SEM). Resist adhesion as well as the initiatiod &me quality of the electroplating process of icgatterns were
evaluated by SEM of the electroplated patterns.

3. RESULTSAND DISCUSSION
3.1 Surfaceenergy of the untreated and pre-treated silicon substrate

The surface tension or energy of a substrate surfsn be tuned by applying a surface pre-treatraguot is
demonstrated for a silicon (Si) substrate in figlre
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Figurel: Static contact angl®) of a water drop deposited on the untreated ctneaed silicon (Si) substrate surface,
DHB...dehydration bake

The contact angle can be between 0° (high wettgh#i© > 180° (ho wettability). When an oxygen plasma igliga to
form silicon dioxide the surface becomes hydrophi® ~ 20°). The DHB leads to an even more hydropkilidace ©

~ 10°). The application of HMDS reduces the wetigbivith water and the surface becomes less hylitic (© ~ 65°).
The application of the SurPass adhesion promotadslto a less hydrophilic surfa& < 25°), independent of whether
no additional rinse step, a water or an IPA rirssepplied after the SurPass coating. This conclthiEsthe application
of an IPA rinse instead of the water rinse leadsaime surface energy ready for a subsequent apgibtation.

3.2 Resultsof the adhesion improvement of positivetone ma-P 1200 DNQ/ novolac resist series

For the initial evaluation of SurPass adhesion mtion both primer versions — SurPass 3000 and SerB@00 - were
investigated on silicon substrates. In subsequgugranents on several other substrates only SurdG3@ was applied
and investigated (Fig.2).
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Figure 2: Optical microscope of ma-P 1200 DNQ/ Hak@atterns on several substrates with and withpptication of SurPass
adhesion promoters

Good adhesion was observed when SurPass 4000 esi@dpromoter is applied in combination with tlosifive tone

ma-P 1200 DNQ/ novolak based resist on investigatdsstrate materials, even when the critical satestcopper is
used. A thin copper layer deposited on a silicami@awafer used as seed layer for a subsequectrefgating process
and is highly critical since it reacts very fasttwhumidity to form copper hydroxide, that can @ulsd adhesion,
residues after the development process or lessathef metallic electroplated patterns.

A tendency to obtain a higher resolution of novalesist when SurPass adhesion promoter is appkedolyserved and
previously shown for electron beam exposure of H&st on InGaAs substrates [6].

3.3 Results of the adhesion improvement of negative tone ma-N 400 and ma-N 1400 aromatic bisazide/ novolac
based resist series

For the initial evaluation of SurPass adhesion mtion both primers versions — SurPass 3000 andaSsr000 - were
investigated on silicon substrates. In subsequgugranents on several other substrates only SurdG33 was applied
and investigated (Fig.3, 4).
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Figure 3: Optical microscope of ma-N 1400 arombisazide/ novolak patterns on several substratdsamid without application of
SurPass adhesion promoters
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Figure 4: Optical microscope of ma-N 400 aromaisabide/ novolak resist on several substrates avithwithout application of
SurPass adhesion promoters

Good adhesion was observed when SurPass 4000 wiesdags an adhesion promoter in combination withriegative
tone novolak based resists. A tendency to obtaiglaer resolution when SurPass adhesion promotgrpied was also

observed.

3.4 Resultsof the adhesion improvement of negative tone SU-8 epoxy resist

For the initial evaluation of SurPass adhesion mtion both primer versions — SurPass 3000 and SsrRa@00 were
investigated/ applied on silicon substrates (Fig.5)
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Figure 5: Optical microscope pictures of UV patestr$U-8 (80 um thick) on silicon substrates withemd with application of
SurPass adhesion promoter

Good adhesion for SU-8 resist patterns was obtaisad) SurPass 3000 as an adhesion promoter.

Development of the exposed SU-8 patterns was deme@mmended in propylene glycol monomethyl etluatate
(PGMEA), followed by an IPA rinse. After the IPAnge droplet like residues were observed in the Idped areas.
Since the application of a water rinse is recommdnd water rinse followed by an additional IPAs&nof the
developed patterns was done. It seems that a waser is required when SurPass 3000 adhesion pesrimoapplied
since these kinds of droplet like residues are rable by applying a water rinse step after the esivbased
development. An IPA rinse after the water rinsg stethe developed patterns improves the dryinthefdeveloped and
rinsed patterns.

In subsequent experiments concerning adhesion iaprent of SU-8 resist patterns on substrates datifieon only
SurPass 3000 was applied and is shown figure 6.
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Figure 6: Optical microscope and SEM plctures of&St&&st on several substrates after applicatic@@udPass 3000 adhesion
promoter, resist on all substrates was lithogragilyiprocessed with an identical parameter sethvit any optimization regarding

the used substrate)

The application of SurPass 3000 adhesion promateraves the SU-8 adhesion on all investigated satiest An
additional water rinse step followed by an IPA eirstep after the solvent based development is neeamed and

prepares the resist patterns for the subsequeestpatansfer process.



3.5 Electroplating of nickel in a ma-P 1200 resist mould on copper substrate

Metallic nickel was electroplated on a ma-P 12Qfistemould on copper as thin seed layer on a sil@arier substrate
to determine the cleanness of the substrate gifdication of SurPass 4000 adhesion promoter akagehe adhesion
of the resist mould and of the electroplated pagtefhe positive resist was patterned accordingtiedard recipe and
after development the dried ma-P 1200 mould paterare used for the electroplating process witlaoyt additional
treatment step. Results are shown in figure 7.

Nickel patterns were successfully electroplatedhauit any defect.
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Thickness ma-P 1200 resist mould: 7.5 um Tiness ma-P 1200 resist mould: 30 um
Thickness electroplated Ni patterns: 5 um Thickness electroplated Ni patterns: 25 um
Figure 7: SEM pictures of electroplated nickel ats

4. CONCLUSIONS

The improvement of the resist adhesion on sevarastgates for novolac and epoxy resin based resises was
demonstrated. Depending on the nature of the sesither SurPass 3000 or SurPass 4000 is recomchéadese.

SurPass 3000 is recommended for use in combinadibran epoxy based resist, such as SU-8 with émealesults and
for the SU-8 mould preparation on metallic subsegasuch as gold substrates. A water rinse stepohas applied as
additional process step after the development twove droplet like residues and to prepare the satlessurface for
subsequent pattern transfer processes. SurPasssi@&fbmmended to use in combination with novdlased resists
and works perfectly on silicon or typical IlI-V s&onductor substrates. SurPass 4000 is suited appked for DNQ/

novolac as well as for aromatic bisazide/ novoksist series. Since it was already demonstrateédstiv®ass also works
perfectly with HSQ resist [6] it is assumed thatPass adhesion promoter can also be applied faowed performance
with other available resists with different resibemistry and compositions as the investigated niadge

Subsequent nickel electroplating in a patternedPmi200 DNQ/ novolac resist mould on copper as t&gr showed
excellent resist as well nickel adhesion on toghbstrate. Nickel patterns were successfully eetdted without any
defect.
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