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1. ABSTRACT

This paper presents the findings of a cationicam@factive agent used to promote adhesion on
an InGaAs multilayer system on GaAs. The improvelesion of the HSQ resist allowed the
electron exposure dose to be reduced by a factfmuof and enabled the production of features
sizes down to 30nm. Moreover, the process latitadgeatly increased for both small and large
lithographic features.

2. MOTIVATION AND APPLICATION

In order to determine the properties and the résglpower of a Near Field Scanning Optical
Microscope (NSOM), a suitable test structure madanooptoelectronic semiconductor material
was needed. The required novel device was manuéattising a combination of electron beam
lithography (EBL) and reactive ion etching (RIEheél'semiconducting material selected was a
multilayer InGaAs system on GaAs substrate. Hydnogjesesquioxane (HSQ) was used as EBL
negative resist. HSQ has attracted much attentrah wse in recent years due to its high
resolution at the nanometer scale [1]. The higlssmdensity of the InGaAs / GaAs substrate
leads to strong electron back-scattering and caresdgly a strong e-Beam proximity effect. In
addition to electron scattering, HSQ shows stramggss effects which needed to be included in
the correction [2]. In this work we see that op & proximity and process effects the resolution
of small features has been limited by adhesionlprog of HSQ resist during development. In
order to resolve feature sizes down to 30nm, the gcess had to be optimized for proximity
effects (PEC) as well as for resist adhesion dudienglopment.

3. EXPERIMENTAL

This paper describes the manufacturing of arraysasfo columns in an InGaAs multilayer
system on GaAs. The exposures were performed ugingBX 6300FS Electron Beam
Lithography SystemJEOL, Ltd with an acceleration voltage of 100kV, beam aufrr@éf 1nA
and a base dose of 98D/cm2. The high atomic weight of the selected odetteonic substrate
material InGaAs / GaAs (as opposed to traditionalsed silicon) amplified the electron
scattering and thereby the spread of energy leatdirey strong proximity effect. The required
proximity effect correction (PEC) adjusts the exjresdose as a function of pattern density so
that the desired column arrays can be transfenedrdm the layout to the specimen. The PEC
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was performed by thBeamersoftware (GenlSys GmbH) using a Monte-Carlo sinaad&oint-
Spread Function (PSF) [3] plus additional procdss typical for HSQ [2]. The experiments
showed that the PEC adjusted exposure dose forl dewtures (50nm and 30nm) was
insufficient to adequately adhere the HSQ negatbgist to the substrate during development,
causing features to break away and wash off dursgst development. In order to solve this
issue, a cationic adhesion promot&yrPass 300QDisChem, Inc.) was introduced to the
fabrication process. Devices were created by EBIsustrates with and without this adhesion
promoter in order to test the feasibility of cregtithe nano-structures at lower doses while
maintaining sufficient adhesion to survive the sedevelopment process step.

3.1 Device Design

An array of columns consisting of four 108 x 10um quadrants was designed. Within each
quadrant, the column dimension was 30nm, 50nm 100n@00nm respective, at a constant
pitch of 400nm (see Figure 1). The quadrants eparated by a border of 5 microns of material.
The border frames are required for automatic rediognof the subsequent optical measurement
by NSOM. The layout data was prepared for e-beapo®xe using théeamersoftware
(GenlSys GmbH)

-
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Fiure 1
General View of Experimental Test Pattern
as Imaged by SEM (labelled for column diameter)
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3.2 Manufacture of Device

The nano-columns within each quadrant on the demicsy were made using e-Beam exposure
of HSQ negative resist on a multilayer InGaAs systéfter development of the HSQ mask
(Si0y), the layout was transferred into the substrateRi¢ (Reactive lon Etching). The
manufacturing flow of the device is summarized fbelo

» The desired pattern is created in HSQ resist by EBL
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» Development of the exposed HSQ. The developedt agiates a mask surface of
InGaAs valleys and SiOmountains

» The pattern is subsequently transferred into thstsate (InGaAs on GaAs) by means of
reactive ion etching (RIE)

* The remaining HSQ (Si¥pwas removed by diluted HF, leaving the desirddroos
built in the InGaAs / GaAs

The processed InGaAs multilayer system on GaAtstiated in Figure 2

2 nm GaAs cap layer
10 nm InGaAs QW

30 nm GaAs

5 nm AlGaAs/5nm GaAs SL (6 pairs) 5 nm AlGaAs/5nm GaAs SL (6 pairs)

GaAs buffer GaAs buffer

GaAs Substrate GaAs Substrate

Figure 2
InGaAs multilayer system on GaAs before and aftd3 &n RIE processing

The Beamersoftware GenlSys GmbHallows for highly accurate proximity effect correct,
with PSF input that includes electron scatteringpiié-Carlo generated), and while the HSQ
resist process effects [2] were reasonably goaduemely high dose values were required for the
manufacturing of the nano columns. This could retkplained solely by proximity effect from
electron scattering. The total exposure doses BE€ correction were 1.0QGC/cm? for 200nm
column, 1.50QC/cm?2 for 100nm columns, 3.00G/cm?2 for 50nm columns, and 8.Q0LYcm?2

for the 30nm column arrays. While the arrays wit 200nm and 100nm pillars resulted in the
dimensions as designed, the 30nm and 50nm piltarsl a0t be resolved (all resist removed) at
all. SEM pictures showed that the 30nm and 50nnurcos had been formed, but that the
adhesion to the substrate was not sufficient tal Hbe structures in place during the resist
development process. In order to get these smadlemns to stick to the substrate they had to
be over-dosed at very high levels (up to 30.@@m?2) resulting oversized resist features
(>50nm instead of the designed 30nm) on the sank#ace the creation of 30nm and 50nm
columns in the desired design was not possibley @mbugh the introduction of a substrate
priming agentSurPass 3000 Microlithography Adhesion Promdi@isChem, Inc.), could this
be achieved. By improving adhesion of the HSQ tdsighe substrate&SurPass 300@llowed

the electron dose to be reduced sufficiently (8.p@cm?2 for 30nm features). As a result it
became possible to create the desired small cornags with the required properties.

3.3 Design of Experiment

The effects of improved adhesion of HSQ negativasteon InGaAs / GaAs substrate were
investigated by creating a test pattern using EBhecimens were processed with and without
SurPass 300@eatment to evaluate the improvement in procdgsidie. SurPass 300@eatment
is very simple: the cleaned specimen substratedipgeed for 60 seconds into tisairPass 3000
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solution, followed by a de-ionized water rinse anigd with nitrogen gun [4]. The substrate was
then spin-coated with the HSQ e-beam reSsitPass 3000s a water-borne, non-hazardous,
cationic surface active agent believed to functimough interaction with and modification of
the substrate surface energy, optimizing the zetanpial [5] and allowing for greatly improved
adhesion between the substrate and the resist witkfeecting the properties of the substrate
itself. No deposition or physical changes to thbstrates were evident when treated substrates
were examined by x-ray photoelectron spectrosc¥p5(.

3.4 Findings and Results of Experiment

The test pattern (Figure 1) has been exposed astratd without surface treatment at different
dose levels after performing PEC with typical pagtens, expecting that at the right dose (Base
Dose) resolves all features as designed. Howeweexposure results showed that at doses that
resulted in the 200nm columns (lower right quadkfayout) and the 100nm columns (lower
left) on size, the 50nm columns (upper right) andy @artly existing and the 30nm columns
(upper left) are not existing at all as shown ig Bi

2.00kV LET SEM WD &.3mm 10:28:03

Figure 3
Overview of specimen array NOT treated with SurR3g0
shows missing and misplaced columns in both then3rd 50nm quadrants.

This leads to the conclusion that the exposure tlostne 50nm and 30nm columns are too low.
For printing the field of 30nm columns the dose hadbe increased to the level of 30.000
pnC/cmz? leading to clearly overexposed (oversized &Dnm) pattern in the center of the field
and still missing columns in the corners (see Figrhis experiment also clearly showed that the
“missing” columns had been formed and “washed awdying development. Figure 4 (b) is
showing such cumulated columns spread over thelsasugdace. It has been observed that those
columns had been oversized (to high dose) already.
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This experiment clearly indicated that it is nosgible to get 30nm columns by adjusting the
dose, but the adhesion issue needs to be solved.
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Figure 4
Upper left corner (a) and lower right corner (b) thie 30 nm field exposed with high dos on
untreated substrate showing oversize in the cemesing columns in the corners of the field
and columns which have been “washed away” and spmeer the sample.

Substrates treated witBurPass 300@dhesion promoter showed a dramatic improvement in
structure integrity, allowing for successful creatiof structures at the 30 nm level. The issue of
“washing away” small features is resolved so thaytcan be exposed at lower doses (30nm dots
at 8.000 uC/cmz instead of 30.000 uC/cm?2). The sxmousing PEC is showing an excellent
match of pattern sizes to design and high uniforioiter the field (center to corner) for all sizes.
Figure 5 shows the resist result after exposure dewlopment with a good adhesion of all
columns, including the 30nm columns (Figure 6).

- ipm  MPI 5/30/2012
2.00kV SEI SEM WD 4.4mm 1:27:01

Figure 5
InGaAs wafer treated with SurPass 3000 prior tolaggpion of HSQ resist.
All structures successfully created.
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- 100nm MPI 6/5/2012
X 30,000 2.00kV SEI SEM WD 4.9mm 10:33:45

Figure 6
30nm lithographic structures on InGaAs wafers tegavith SurPass 3000
prior to application of HSQ resist.

The resist pattern could be successfully trandfieirr the InGaAs / GaAs substrate resulting in
a high quality test pattern for determining the umacy of Near Field Scanning Optical
Microscope.

4.0 CONCLUSIONS:

In an attempt to manufacture a device for measuhiegaccuracy a Near Field Scanning Optical
Microscope (NSOM), it was found that the choseroelgictronic material (InGaAs / GaAs) in
combination with HSQ resist patterning was limitgdadhesion issues.

Though the strong proximity effects for this higkndity material stack could be corrected (PEC)
using the proven and accurdeamersoftware GenlSys GmbH)extremely high dose values
were needed to get the small resist columns toradiie substrate during development. The
overdosing limited the resolution of the patterr>t&0nm and limited the uniformity over the
field.

This adhesion issue could be solved by applicatiba cationic organic adhesion promoter,
SurPass 300QDisChem, Inc.) so that also the small featureddcba exposed without the need
to overdose. With Surpass 3000 and u8iegmerPEC the whole pattern could be manufactured
with high accuracy of column sizes and a high uniity needed for device.

X-ray photoelectron spectroscopy (XPS) analysisradpplication of Surpass 3000 has shown
that there is no deposition, chemical, or physitainges of the material. The effect seems to be
the change of surface energy, allowing for gremtigroved adhesion between the substrate and
the resist without affect the properties of thestidie itself.
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