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Abstract

This paper is focused on the adjustment of the Dill’s C
parameter associated with the double exposure kinetics
using trial-and-error with the regression statistic.
Adjusted Dill’s C is used in the simulation to pattern a
3-step air bearing surface (ABS) structure. The result
shows within 5.0% deviation of the remaining
photoresist thickness from that of the experiment.
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1. Introduction

One of the most important components in a hard-
disk drive (HDD) is the slider head which comprises a
read/write head formed at the leading edge and an air
bearing surface (ABS) which is aerodynamically
designed to control a nanometer scale flying gap of the
read/write head over the media during operation. The
image of ABS on the real slider head is shown in fig.1.

‘ Slider head

Read/write head

Figure 1. The components on the slider head [1].
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Typically, ABS that comprises three-dimensional
(3-D) microstructures can be fabricated using a multi-
level lithography by varying the exposure dose (E)
across the area coated with the uniform photoresist (PR)
film. The exposed PR is then developed and etched in a
single step to form ABS [2]. PR absorption during the
exposure and its dissolution mechanism in the
development step are most important input factors to
the lithographic simulation that is extensively adopted
for modern 3-D microstructure design [3]. In this paper,
PR absorption characteristics which can be explained
by Dill’s 3-parameters are of interest. Dill’s A (A) and
Dill’s B (B) are bleachable (unexposed) and non-
bleachable (exposed) absorption coefficients and Dill’s
C (O) is the standard exposure rates constant [4]. The
Dill’s ABC can be expressed in terms of initial
transmittance, 7(0), the final transmittance, 7{(),
initial slope of the curve of light transmission and
intensity, T, refractive index of PR (n), and PR film
thickness (D). The Dill’s ABC and T;, can be
expressed as:
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It can be analyzed from our previous simulation
work [5] that the photochemical interaction between
the 1* exposure (E;) and the PR film is probably



occurred and causes a partial breaking of N, molecule
bonding, thus changing the PR sensitivity during the
2% exposure step (E,). The PR remaining thickness
(Tpr) of the double exposure process is apparently
different from that of the single exposure (at the same
total dose) as shown in fig.2. The analysis later
indicates a certain change of the Dill’s C parameter
after the first interaction. So this paper aims to focus on
an adjustment of the Dill’s C parameter for the
simulation to obtain more accurate results for the
double exposure.
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Figure 2. The plots between the PR remaining film
thickness of single and double exposures.

2. Experimental Setup

The following simulation with the OPTOLITH
simulator is conducted in parallel with the experiment,
for comparison and validation. First, an Aluminum
Titanium Carbide (AITiC) substrate is spin coated with
20 pm thick Clariantz AZ-P4620 PR. The PR film is
baked at 90°C for 3 min. Note that, the refractive index
of AZ-P4620 is n = 1.64. The 2x2 pm hole pattern is
transferred to the PR film by using the Ultratech
stepper with wavelength (1) of 405 nm, Numerical
aperture (NA) of 0.16, and focus distance (F) of 7.91
um. The exposure kinetics of the PR can be explained
by using the Dill’s parameters from the commercial
photoresist datasheet, which A = 0.3697 ym” B =
0.0243 pm™, and C = 0.0203 cm*mJ [6]. In the
exposure step, E; and E, are varied from 50 to 500
mJ/cm’. This means that the cumulative dose (E,) for
the double exposure is varied from 100 to 1000
mJ/cm®. The development kinetics can be determined
by Mack’s model [3-4] with parameters including the
dissolution rate R,;, = 1.07x107 um/s, R, = 0.2994
um/s, the dissolution selectivity (n) = 6.3969, and the
threshold inhibitor concentration (M) = 0.1849. The
exposed PR is finally spray developed by potassium
hydroxide (KOH) at 23°C for 120 sec. Finally, the Tpg
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is measured by TENCOR P-11 step profiler and the
pattern image is captured by a scanning electron
microscope (SEM).

3. Results and Discussion

The Dill’s C value for the 2™ exposure is adjusted
by trial-and-error until the simulated Tpg is relatively
similar to that of the experiment as shown in fig.3. The
relation between the adjusted Dill’s C or Dill’s C,4 and
the exposure dose is illustrated in fig.4.
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Figure 3. Simulation results of 7Tp; after the double
exposure by using Dill’s C,;.
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Figure 4. The relation between the adjusted Dill’s C
and double exposure dose.
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These relations can be fitted by the regression plots.
For the double exposure with E; = 50 ml/cm?, E, for a
target adjusted Dill’s C parameter (C,;) can be
predicted by the quadratic regression equation; C,4;
A(E>)*+ B(E>)+ C. As E; > 50 m)/cm?, E, for a target
C,qj can be predicted by the linear regression equation;
Caaj = B(E>)+ C. The C,4; predicted equation when the
E, is 50, 100, 150, 200, 250, 300, 400, and 500 mJ/cm*
are shown in Eq. (5) to Eq. (12). Note that, the R2adj
for Eq. (5) to eq. (11) are 98.5%, 97.3%, 94.7%,
98.5%, 94.7%, and 95.9%, respectively.



Cadjcsoy = 107°EZ — (1.39x10™)E, + 2.58x107%(5)

Cagji00) = (1.31x107")E, + 1.07x1072 (6)
Cadjasoy = (1.87x107*)E, + 9.59x1073 (7
Cadjcz00) = (7.60x107*)E, + 2.07x1072 (8)
Cadjczs0y) = (5.40x107°)E, + 2.15x1072 9)
Cadjczo0y = (5.40x107°)E, + 2.26x1072 (10)
Cadjcaooy = (3:40x107°)E, + 2.40x1072 (11)
Caaj(sooy = 2.53x1072 (12)

The comparison of the simulation images of the
2x2 pum hole pattern on the PR film using normal Dill’s
C (0.0203 cm*mJ ) and adjusted Dill’s C (Cpqj) from
Eq. (5) to Eq. (12) are shown in fig.5.
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Figure 5. Simulation results of 2x2 pym hole
patterns: (a), (c), (¢) normal Dill’s C and (b), (d), (f)
adjusted Dill’s C.
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To verify Dill’s C,g, the AITiC coated with 20 um
of AZ-P4620 PR is exposed by fixing the 2*¢ exposure
dose (E,) at 250 mJ/cm® and varying the condition of
the 1* exposure dose (E;) at 100, 300, and 500 mJ/cm?.
The exposed PR is developed by KOH for 120 sec.
Then the Tpr is measured. The SEM images in fig.6 (a)
and (b) show that some PR films is remained on the
AlTiC substrate when the cumulative exposure doses
(E,) are 350 and 550 mJ/cmz, respectively. However,
when E, is increased to 750 mJ/cm? the PR film is
fully exposed and completely dissolved in the KOH
developer as shown in fig.6 (c). Moreover, the Tpg
measured from the simulation using C,; is similar to
one measured from the experiment.

; =100 mJ/cm>
=250 mJ/cm’
£ =6.01um

E;=300 mJ/cm®
E>=250 mJ/cm?
TPR =1.17}J.Hl

(b)

E;=500 mJ/cm’
E>=250 mJ/cm’
Trr =Opum

Figure 6. SEM image of PR pattern using various
cumulative dose; (a) 350 mJ/cm?, (b) 550 mJ/cm?,
and (c) 750 mJ/cm’.



The normal Dill’s C from the PR datasheet and
Dill’s C,q; are applied for the 3-D pattern simulation.
The 3-step ABS structure is fabricated by using the
exposure condition from the simulation. The schematic
layout of the ABS design is shown in fig.7 with the
initial PR thickness of 20 pum and the target PR
thicknesses at the position S, S, and S; are 16, 10, and
8 pm, respectively. The single exposure doses for S;
and S, position are 50 and 200 mJ/cm’ respectively,
and the double exposure dose (E;+E>) for S; position is
(200+50) = 250 mJ/cm®. The exposed PR is finally
spray developed by KOH at 23°C for 120 sec.

S, S,

(10 um) (8 um)

Figure 7. The 3-D schematic layout for 3 steps
height of ABS structure.

The simulated Tp; at S;, S,, and S; are determined
as 16.30 um, 9.64 um, and 8.02 um, respectively (see
fig.8). The differences between simulated and target
TPR at S], Sz, and S3 are i188%, i360%, and i025%,
respectively. Note that, the actual Tpg is normally
controlled within +5% of the target.

2o -10 o
Microns

Figure 8. The simulation images after the
development at 3 positions of the ABS structure.

The 45° tilted SEM image of the ABS structure
using the exposure condition from the simulation is
shown in fig.9. The actual Tpy at S;, S,, and S; are
16.14 um, 9.99 um, and 7.82 pum, respectively. The
errors between simulated Tpz and actual Tpr are then
10.99%, £3.50%, and £2.56% respectively, which are
only £3.5% in maximum. The errors between actual
Tpr and target Tpg are £0.87%, £0.10%, and +2.30%
respectively, the average is maintained within +5.0%.
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Figure 9. SEM image of ABS structure fabricated
using the simulated condition.

4. Conclusions

The accuracy of the simulation model of the double
exposure lithography for the ABS is improved by
adjusting the Dill’s C parameter. This compensated
Dill’s C can be fitted by sets of regression equations
for different exposure doses. The simulated exposure
condition is experimentally validated within +5.0%
difference thus this simulation model can be a potential
approach for a 3D microstructure fabrication.
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