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Student: Ching Hua Cho Advisor: Dr. Jihperng Leu
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College of Engineering
National Chiao Tung University

Abstract

The advancement of the computer science and technology has resulted in an
increasing demand for memory chips such as dynamic random access memory
(DRAM) and flash read-only memory (Flash-ROM) chips, etc. Manufacturers aim to
develop chips that have maximum possible memory capacity with minimum chip area
while simultaneously reducing the cost. With reference to Moore’s law, many
methods can be used to improve IC circuit image resolution; however, the most
effective method is to use the increasingly shorter wavelengths, which require weaker
light source. By extending exposure time will allow sufficient energy to pass through
photoresist, thus enabling the photoacid reaction to proceed; however, this will result
in heavy losses, which can produce and expose stability. Hence a more feasible
solution by the usage of chemically amplified photoresist (CAPR) process is created.
The CAPR process has been said to obtain the energy of the photoresist and can be
divided into exposed and baked components. Bake heat-conduction by wafer and hot
plate contact control uniformity is unlike light, which is perfect and correct. In

addition, contact issues on pre-bake (PB), post-exposure bake (PEB) and direct
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influence uniformity of the photochemical reaction within CAPR can usually cause
yield loss on half of the wafer. Method to guarantee the performance baked by CAPR
is an extremely important subject in the semi-conductor manufacturing at the moment.

Generally speaking, the main function of PEB is to support the energy of CAPR H"
continuous catalysis, which is the most direct and important influence on critical
dimension (CD). The experimental result has found that regardless of the PB of 248
nm or 193 nm, PB influence is still greater than PEB, thus PB has proven to be more
important than PEB. The finding of PB contrary to the direction of PEB impact on CD
will also be conducted. For example, if DUV photoresist wafer is 0.5 mm on both PB
and PEB plate gap, PB will increase line distance by 94~340A while PEB will reduce
line distance by 61~109A. Although I-line has little influence on some CDs, the
relatively loose specification will not consider the change in CD. We will utilize
software to set up a simple and limited element model in three-dimension. The wafer
surface temperature predicted by the model and actual T-Map instrument data
difference examined by quantity is less than +2°C. Wafer and instantaneous
plate-plate contact temperature drop AT, actual plate temperature drop AT and AT data
difference are predicted to reach below +0.2°C. Impacts will be seen in CD
temperature, 248 nm photoresist at PB 0.34 nm/°C, PEB —0.21 nm/'C in addition to
193 nm photoresist at PB 1.23 nm/°C and PEB —0.39 nm/‘C. The model used to
predict CD wafer and temperature to all gaps of contact experiment has proved to
possess extreme reliability.

In conclusion, PB/PEB was found capable in representing ongoing photoresist
bake plate, which uses drop temperature AT parameter in addition to the direct
relationship with the one with verified AT and CD. This model can be used to assist in

the prediction of the standing range for new products or new process conditions.
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Chapter 1 Introduction

As semiconductor manufacturing technology advances, integrated circuit industry
had used laser light source of shorter wavelength (193 nm) together with chemically
amplified photoresist (CAPR) in order to improve resolution for enabling device
scaling in accordance to Moore’s Law. However, the energy of laser light source
originated from deep ultraviolet (DUV) ray is much lower in the range around 10-30
mJ/cm?, which is ~1/10 times of I-line light sources of traditional ultraviolet ray with
mercury light source energy about 300-500 mJ/cm” as listed in Table 1.1 [1]. In order
to compensate such low energy, scientists had implemented an additional post
exposure bake (PEB) immediately after the exposure of DUV resist in which PAG
generates proton upon radiation. Protons H™ created by PAG upon exposure can
subsequently catalyze polymer’s acid labile protecting group (ALPG) and
de-protecting chemical reaction during PEB step (~120-140 ‘C) with other new by
created proton H' again. The proton H' will continue and catalyze other ALPG
de-protecting reaction. Through such chain reaction, the number of times of
de-protecting reaction will expand by several hundred folds [2].

As a result, poor temperature control during PEB step and H dissolution rate may
have adverse effect on the resist patterning as illustrated by the examples of critical
dimension (Table 1.2) and line edge roughness (LER)[3-4]. When the gate
width/length is concerned, the variation of CD will influence the threshold voltage,
Vu, leakage current, and I¢ characteristics [5-7]. More over the dissolution rate and
H" have been reported to affect LER significantly as illustrated in Figure 1.1 [8].
According to the International Technology Roadmap for Semiconductor (ITRS), there

is a great demand of solutions and control for CD and line edge roughness (LER)



(Table 1.3) [9].

So far, the industry has addressed this problem by implementing a CD
measurement step and reworking the lithography step for CD unlisted in the
specifications. When DUV technology is introduced, numbers of measuring
instruments and sampling frequency have been increased to send out-of-specifications
wafers bake to rework and patterning step incurring increased equipment cost,
production queue time. Recently, resist profile measurement based on scatterometry
[10] has been adopted to provide accurate feedback and readjust the process
parameters under exposure and PEB.

In this thesis, we will focus on the investigation of the hardware temperature
control in PEB steps and its correlation between AT parameter and CD. The objective
is to use a simple AT parameter to reduce rework rate and yield loss without incurring
too much cost.

In order to examine the correlation between AT and CD variation, a high resolution
SEM is used to examine CD with resolution of 1 A which is capable of observing any
CD variation induced by heat and the changing behavior of photoresist material CD.
To be specific, we use three types of photoresist, namely, I-line photoresist, DUV 248
nm photoresist, and DUV 193 nm photoresist using two kinds of bakes, PB and PEB.
Spacers of six different thicknesses (2.5 mm, 2.0 mm, 1.5 mm, 1.0 mm, 0.5 mm, and
0 mm) are used to place and hinder the wafer from placing higher than the plate.

According to the measurement result influences of CD variation are found when
PB is greater than PEB. Because the insufficient harden PR, photo-acid generator
(PAG) in room temperature will be constant during the period of diffusion and micro
flow, and in the subsequence PEB heat energy driven PAG move more violet. H'
micro flow of the exposure area is actually non-directional due to the result of

un-hardening which has led to the mass out warding of proton diffusion of CD
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making. When it is insufficient to bake with PEB, the opposite direction of influence
will cause diminish in the CD.

In addition, a three-dimensional finite-element model using commercial software,
ANSYS™ was employed to examine the wafer surface temperature of various
hardware and contact gap conditions. Such as particle contamination, wafer tilt, and
ring type backside contamination. This model can be employed to simulate narrow
gap case, when the spacer thickness smaller than 400 pm. In the real apparatus is too
difficult to put on the plate and take out of plate, in such thin spacer is likely to be
crocked and make the experiment data unstable. In addition, model is used to predict
100 ym particle at backside center of wafer surface temperature drop from 120 C to
110.6 ‘C and via CD shift 11.5 nm. Also, it is use to simulate the case of a ring pattern
pollution on wafer backside, because there is no good method to do a ring pattern
coating at wafer backside for experiment. Modeling resume predict for 100 um
pollution on wafer backside at backside center of wafer surface temperature drop from

120 C to 106.4 °C and the via CD shift 16.7 nm.

This thesis is organized into five chapters, which are briefly described below:

Chapter 1 introduction

Chapter 2 describes the literature review of key photoresist technologies and the
motivations of this study.

Chapter 3 illustrates the theorems of interferometry and finite element analysis,
and describes the procedures of sample preparation.

Chapter 4 covers experimental, results and discussion.

Chapter 5 summarizes key findings and contributions of this thesis.



Table 1.1 Selected excimer laser for lithography [11-13].

Company Product Type WavElEng L Ba;\'?fvl-\lr :'jllth Rer::%i;:ion H ef'llélrsgey E':I.l:;gy
(nm) (pm) (Hz) (watts) (md) #stabllltyf
of pulses
Cymer EX-5000 KrF 248 <100 1,000 15 15 =+0.8%/50
ELS-5000 KrF 248 <08 1,000 10 10 =+0.8%/50
ELS-5010 KrF 248 06 1,000 10 10 +0.6%/40
ELS-6000 KrF 248 =06 2.000 20 10 =+0.5%/32
ELS-6010 KrF 248 =05 2,500 20 8 =+035%
ArF 183 05 2,000 10 5 +0.4%/40
ArF 183 05 4,000 20 5 +0.2%/30
ELX-68500F5 Fs 157 0.3 5
Komatsu KLES-G10K KrF 248 <05 1,000 10 10 +0.5%/40
Lambda Physic K1010 KrF 248 <06 1,000 10 10 +0.5%/50
K2010 KrF 248 <08 2,000 20 10 +0.5%/50
K2020 KrF 248 25 2,000 30 15 +0.5%/50
A2010 ArF 193 <08 2.000 10 5 +0.8%/50
A2020 ArF 193 25 2.000 20 10 +0.5%/50
F&20 Fa 157 <15 600 6 10 +1%/50
F&30 Fa 157 <15 600 6 10 +1%/50
F1020 Fa 157 <15 1,000 10 10 +0.5%/5
F1030 Fa 157 not narrowed 1.000 10 10 *0.5%/50

Table 1.2 Effect of PEB bake temperature on CDs [14-15]

PR Type of PR [Supplier| Sensitivity (nm/C)
APEXE 248 nm DUV | Shipley 16.0
UV2HS 157 nm DUV | Shipley 7.5

Version 1B 193 nm DUV | IBM 3.8
UVve6 248 nm DUV | Shipley 2.6
TM-461 248 nm DUV | JSR 2.6
DP-024 248 nm DUV | TOK 1.8
ARCH 2 248 nm DUV | Arch
R2J 248 nm DUV | JSR




Table 1.3 Critical dimension memory technology based on ITRS 2007

Year of production | 5 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

DRAM pitch (nm) 57 50 | 45 | 40 | 36 32 | 28 25 23

Flash pitch (nm) 45 | 40 | 36 | 32 | 28 | 25 | 23 | 20 | 18

DRAM/Flash CD
control (3 sigma nm)
Gate CD control

(3 sigma nm)
Absorber LER

(3 sigma nm)

A7 | 42 | 37 |33 129262321 |19

23 (21 (19 | 17 | 15 | 1.3 | 1.2 1 0.9

32 | 28 | 25 22| 2 1.8 | 1.6 | 14 | 13

—
Line Edge
Roughness (LER) Line Width
R Roughness (LWR)
3o deviation of an
edge from a line fit 3o deviation of width

to that edge

Figure 1.1 Schematic diagrams and, definitions of line edge roughness (LER)

and line width roughness (LWR)



Chapter 2 Literature review

2.1 Characteristics of photoresist material:

Photoresist needs to endure wet/dry etching, in order to enable pattern etching.
Several characteristics must be added to the photosensitivity, such as acid resistance
in the process and resistance to with stand plasma etch and high dose ion implantation
process. When photoresist is used for IC fabrication, the coatings must be able to form
a thin uniform film and a lessee pin hold; with good adhesion onto the underlying
substrate. In addition, while sensitive to the exposure wavelength of radiation utilized,
the photoresist should be capable of printing the minimum feature size. Furthermore,
significant difference in the development rate between the exposure and unexposed
areas without pattern distortion must be demonstrated and removable for the process
to follow with endurance to the bake process in absence of pattern distortion. In
addition, photoresist material cannot be used if there is unacceptable health hazard
[16].

2.1.1 Photoresist bake

The photoresist high polymer is dispersed in the solvent with molecule state
packed inside the bottle. Storage in the refrigerator with temperature 6~8°C will force
the solvent to remain in a saturated condition. Equalization of the evaporation and
condensation rate is to ensure a steady solvent concentration. Polymer molecule at
this stage is mutually unable to get close and difficult to reciprocate, let alone
buffered by the surrounding solvent molecule. The usage of solvent will enable the
polymer and the sensitization of uniform distribution to liquid through hydrogen bond.
The usage of the spin-on method will enable photoresist dispense to create a coating

on the wafer with follow-up bake process; solvent will be removed smoothly by



evaporation. Thickness and uniformity are controlled by the spin speed. Photoresist
wafer coating is currently used in lithography photoresist types such as G-Line (436
nm), I-Line (365 nm), and DUV (248/193 nm) [17].

Course of hardening during photoresist bake:

(1) A hot plate is being heated to take out of the solvent vapor constantly in order to
help solvent steam molecule leave the chamber of the bake unit.

(2) The solvent molecular motion between the two-phase gaseous and liquid form is
found on wafer surface with its motion energy offered by the heat energy. Near
surface liquid member will leave the interface to enter into the gaseous phase.
Capable of increasing polymer molecular weight, these two factors will enable
polymer molecule to go near each other before falling into the same solvent cage.
The chemical bond of these two single monomers is then combined to make
solidified polymers.

(3) A large amount is combined into a macromolecule.

(4) Massive polymer will begin to solidify on the substrate, as shown in Figure 2.1.

L
< o Solvent evaporation
oL © % ?
oy

e
o0 ‘w o o0
00° '© %0000
o L oo J

O o & Q| solvent cage

‘ A Exhaust

o— v

PR

monomers —=
macromolecules

Figure 2.1 During photoresist the course of hardening
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As shown in Figure 2.2, the structure of the photoresist is composed of oxygen,
carbon, hydrogen atom in the polymer, and solvent. The strong covalent bond of H-O
polarization is due to the size of the oxygen atom, which is bigger and capable in
attracting electrons with strength. The making of the oxygen with higher electronic
density had succeeded with little negative electricity. With small fraction of weaker
attraction to the electron at the core, hydrogen is thus slightly positively charged,
indicating the uneven attraction of the electron covalent bond between the two atoms.
In carbon and hydrogen, electron in the covalent bond are generally under normal
state with two extremely equalized core with most C-H and C-C not polarized (similar
to H, and F,). The main break-up point is between C-O and O-H, bond but not C-C
bond [18]. Hydrocarbon position of the C-H molecule with the occurrence of changes
in the function base and joined carbons have little or no influence. The juncture of
structure &', & is at a point of broken bond position or at the site where new bond

position is produced by the bond [19].
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Figure 2.2 Hydrogen bond of liquid photoresist



2.2 Brief introduction on photoresist

An actual photoresist is generally composed of three major components: polymer
(20%), photoactive compound (PAC DAQ/PAG 5%), and solvent (75%) [20].
Polymer is the backbone of the photoresist and major constituent of the patterned
photoresist film. PAC is the constituent of the photoresist that will undergo a reaction
when exposed to light and may be combined with the polymer. The solvent will keep
the photoresist in liquid form until after coating with photoresist classified as either
negative or positive photoresist.

Common organic function group in photoresist are mainly composed of 4 groups:
hydroxyl (-OH), carbonyl (-C=0), carboxyl (-COOH) and amido base (R-C=0) with
common light source UV/DUV/X-ray, electron beam, ion beam, etc. There are two
kinds of traditional organic straight-type photoresist principle:

(1) Low polarity to high polarity: normally under low polarity, PAC will possess
high polarity after exposure. Weak and acidic, the high polarity PAC may be
dissolved in high polarity alkaline developer liquid; and

(2) Molecular weight will fall sharply when the main chain of the macromolecule
breaks after exposure. In addition, such molecule can be dissolved in organic

developer liquid.

2.3 I-Line photoresist

Mainly composed of hydrogen compound bond, the traditional I-line DNQ positive
photoresist and photoactive compound (PAC) diazonaphthoquinonc (DAQ)~15% can,
utilize nitrogen atom near the base to produce an unstable phenomenon in the
detachment of N, after contact with light, which will then turn into ethylene ketone
(solid) after rearrangement. With the vapor reaction in the air, acid base (liquid) will

be produced and can be neutralized in alkaline NaOH developer. Failure in exposure



is caused by the interference of failure to dissolve the material as shown in Figure 2.3.
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Figure 2.3 Exposure and developing of PAC and I-line DNQ photoresist [21]

2.3.1 DAQ/Novolak system

The DAQ (Di-Azonaphtho-Quinone) or Di-azo-Naphtho-Quinone (DNQ)/Novolak
system is a positive photoresist system most frequently used by the I-line 365 nm at
the present. DAQ is a photoactive compound whilst Novolak resin is composed of the
combination of cresol and formaldehyde, which is also a substance of photoresist
matrix. Oskar Suss, a chemist at the German Kalle Company in 1940, has used DQN
to duplicate the project blueprint at first. It was not until 1970, DQN was produced by
Bell Lab in USA for semiconductor fabrication. The combination of DAQ Diazo, =N,
activity base photoactive group (PAG) and ballasting group (BG) will undergo a
photolytic decomposition to an unstable keto-carbene and nitrogen when it is exposed
to leading to light naphthoquinone diazide sulfonylchloride as shown in Figure 2.4

[22].
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PAG:Photoactive Group

0 . DlLight o
2 e )
‘ “—|{
/ s I: -\}?}z \\ /
D=?|3=D
; j
BG Ballasting Group B(J

Figure 2.4 PG of DAQ leads to the naphthoquinone diazide sulfonylchloride
reaction upon light exposure

Synthetic reaction of chemistry of DAQ:

PAG-SO,CI+HO-BG 2 PAG-S0O,-O-BG+HCI1

PAG-S0O,-O-BG = DAQ

The DAQ after keto-carbene will immediately rearrange to a more stable ketene
structure as shown in Figure 2.5. Highly hydroscopic, ketene structure can
immediately react with water to form carboxylic acid. The indene carboxlic acid (ICA)
is soluble in basic developers as shown in Figure 2.6. ICA can also dissolve in
promoters such as TMAH developer liquid which is highly alkalinic in its polarity,

whilst inhibitors can be dissolved by low polarity DAQ instead of unexposed acids.

0 0
C C OLF
Il Il
1
o:|s:o of‘sfo
? :
BG BG

Figure 2.5 Hydroscopic ketene immediate reaction with water [23]
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Carboxylic Acid

ICA:Inden Carboxylic Acid

Figure 2.6 Acid compound ICA of high polarity [24]

The main function of DAQ BG is to adjust photoresist to a most suitable exposure
wavelength with solubility resiststance to the etching. The single BG will join PAG
with six kinds of selection as shown in Figure 2.7. However, if there are too many
PGs, the promotion of the photoresist property will be inhibited due to PG dissolution.
Novolak is normally 30:100 wt% in DAQ with relatively far PAG distance in DAQ.
In addition, PAG dispersion and photoresist light sensitivity are relatively good with

weak hydrophobic nature.
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Figure 2.7 PAC compound and six kinds of BGs

DNQ will induce an overall drop in absorption due to post I-line exposure. With
higher transparent rate, the light is allowed to pass through photoresist film by a
function called “photobleaching”. On the other hand, Novolak shows no obvious
overall change in its absorption under the exposure wavelength of the post-exposure
I-line.

For 1 um thickness of DNQ/Novolak after I-line exposure (100 mJ/cm®), the
absorption has dropped to 0.2~0.1 for NNQ as compared to 0.4~0.3 for Novolak as

shown in Figure 2.8.
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Figure 2.8 The absorption of DAQ/Novolak positive photoresist 1 pm
thickness

A single nitrogen molecule or nitrogen atom and carbon have a nitrogen base (R-N)
bond called single-nitrogen base (Azo). Two azo will form a heavy nitrogen base
(Diazo) such as (R =N) and three azo will form a pile of nitrogen bases (Azide) such
as (R-N3). Two Azide will form one pair of nitrogen base (Bisazide) such as
(N3-R-N3) with ammonia (NH3) in its gaseous state and amine (R-NH;) as organic
matter. Ammonium (NH4OH) is an alkaline inorganic matter with, properties in the
likeness of sodium potassium which is also a source for metal ammonium pollution as

shown in Figure 2.9.

NH,” OH — NH, +H,0

+ Release e
NH, H

Figure 2.9 Metal pollution sources ammonium (NH,OH)
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2.3.2 Novolak

The matrix substance of the photoresist film is not macromolecule photoactive
compound DAQ because it does not dissolve in the alkaline developer but dissolve
inhibitors in liquid TMAH. Yet the matrix substance of the photoresist film is the
macromolecule with a lot of OH bases and the weak and acidic Novolak. It can
dissolve in alkaline developer liquid TMAH but will not dissolve in DAQ/Novolak
equivalent or extremely low TMAH solutions. Regarded as a membrane matrix
substance, Novolak’s multi—functional purpose can also participate in nitrogen azo
coupling, self crosslink and ester cross link photochemical reaction. Single while
getting together for Novolak by cresol, the main chain of the electronic resonance
structure of the phenol base must connect with the oxyhydrogen base (-OH base) in its
ortho-position or counterpoint as shown in Figure 2.10. Thus, it is possible to combine
the activity together with ease. The average molecular weight is relatively heavy with

distribution around 3000-5000, which is good to resist etching.

OH OH Ol
ag% Cm% ,%Cm
n n

CH, CH, CH,

Figure 2.10 Three kinds possible cresol structures
Because o-cresol or p-cresol has already occupied an ortho-position or
counterpoint, there is only one kind of possible structure to get together but with low
possibility. Numbers for getting together for activity are: m-cresol 11.1, p-cresol 1.35,

and m-cresol 1.0, as shown in Figure 2.11
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Figure 2.11 Best structure of Novolak

2.3.3 Dissolution rate in exposed and unexposed areas

Basic principle of low polar DAQ under exposure can produce acid compound ICA
of high polarity. Under exceptional circumstances, the matching of DAQ and Novolak
capable of increasing extra difference in dissolution as shown in Figure.2.12 with the
following 4 reasons:

(1) Novolak counterpoint vacancy (Para Vacancy) couple to nitrogen. Alkaline
developer liquid can catalyze the dark area of photoactive base PG and Novolak of
DAQ couple (Azo Coupling) nitrogen chemical reaction with increase in molecular
weight. To develop TMAH within the little member of the liquid is more difficult than
to spread in the Novolak, which can cause the increase in the dark area and inability
to dissolve. Two azo coupling may happen if single mother base BG in DAQ contain
more than two PG, with DAQ as the Novolak bridge formation pharmaceutical by
doubling the molecular weight double to lower the solubility of the dark area as

shown in Figure 2.13.
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Figure 2.12 Bright area ICA of DAQ and TMAH reaction [25]
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Figure 2.13 Dark area DAQ Azo Coupling [26]
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Because the electronic resonance structure of the phenol base may produce
negative charge in the -OH base in its ortho-position or counterpoint, PG thus possess
heavy nitrogen (Diazo), which is positively charged in the DAQ resonance structure.
It is easy to carry on with the electrophilic reaction (ER) in this negative charged seat
seen in the examples of nitrogen coincidence function. The probability of vacancy in
coincidence function is higher than the ortho-position because the space is less

crowded with a relatively small stereoscopic obstacle as shown in Figure 2.14.

Figure 2.14 Electronphilic reaction (ER) of diazo [27]

(2) Stonewall:

The lower molecular weight of the unexposed areas of Novolak and new
compound after coupling with DNQ); the surrounding non-coupling Novolak with
higher molecular weight than Novolak like stonewall is easy to twine but will hinder
coupling and reduce the solubility of the unexposed area. For a multifunctional DNQ,
the azocoupling reaction could lead to crosslinking of Novolak chains, which
increases the molecular weight and therefore decreases the dissolution rate.

(3) Host-Guest Complex:

Contributed eight OH base by a long bond of about 3-4 Novolaks, OH base has
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enclosed itself into an inward ring. The intra-annular can hold just one DAQ molecule
with Novolak as form host and DAQ complex as guest. This complex is composed of
hydrogen bond. According to Van Der Waals Force, an intra-annular DAQ molecule
will attract eight OH base, making the TMAH unable to enter the ring with its dense
structure.

(4) Octopus-Pot:

Six Novolak has six long bonds, each offer three benzene ring, three OH base, 18
benzene ring and 18 OH base enclosed to form a pot with one DAQ attracted to the
middle of the pot by hydrogen bond gravitation. One BG is on the top with several
active base BGs at the bottom. PG include OH base of nitrogen oxygen and Novolak
which will form a new hydrogen bond. This structure will reduce the solubility of the

unexposed area [28].

2.4 Chemically amplified photoresist (CAPR)

Chemical amplifier positive photoresist has two kinds of prescriptions:

(1) Photoacid Generator, PAG:

PAG works through ultraviolet ray with electron beam focused on the ion and
x-ray post exposure. It can initiate all chemical reaction and produce proton acid
including proton H' (Bronsted acid) or “photo-acid”.

(2) Acid Labile Protecting Group, ALPG:

Proton in ALPG is a high polymer proton acid with H' as acidity cation, a
necessary heat energy that the bake can offer in the activation of reaction protection
removal after exposure. Catalyze polymer prop up chain ALPG protection removed
reaction will produce -COO™ H' or acid base of -O” H' with polymer polarity from low
to high. When the polarity is changed significantly, it will become an acid and make

the exposure area capable of dissolving in alkaline developer liquid.
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2.4.1 PAG photoresist exposure and development

It can initiate a chemical reaction that generates an optic reacting photon such as
cross link or chain rupture, etc. The 100 pieces of photon can initiate 30 pieces of
chemical reaction to produce a 0.3 quantum yield for the making of 100 pieces of
proton acid (H*) by PAG. As shown in Figure 2.15, the reaction of the protected
polymer PBOCST with an acid (H'), after PEB is heated, it will produce an
unprotected polymer PHOST + CO, and an additional acid. Generation of H' during
the de-protection reaction will allow a single photo event to catalyze the de-protection
of multiple PBOCST molecules. This proton acid is a catalyst, a type of chemistry
like the de-protecting reaction, which can produce another proton acid when the
response finishes. This reaction can terminate due to oxygen, pollution, etc, when the
proton acid is consumed. A photon can initiate the de-protection reaction by 800 times.
Several hundred folds through chemistry can enlarge the number of de-protecting
reaction. This type will hinder the pharmaceutical and is generally called chemically
amplified photoresist (CAPR). Following the exposure, a PEB is required to aide in
the diffusion of the photon to drive catalytic reaction. A problem will occur with
CAPR when the photoresist is exposed to amines between exposure and PEB steps.
Amines can neutralize the acids in the surface of the photoresist and lead to overhangs
or T tops on the photoresist lines. Improvements in photoresist formulations and

filtrations to remove amines to <1ppb are effective in eliminating T-toppings .
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Figure 2.15 The tBOC photoresist deprotection mechanism
A proton with high polar phenol base or benzene oxygen base of acid course that
produces constantly is weak and acidic. This can be dissolved in the alkaline
developer liquid, volatile compound CO,, CCh;Ch;Ch, and H" de-protected again.
Composition and functions of ALPG:

(1) Acid quencher: Usually alkaline ammonium salt or amine, its purpose is to buffer
H" protons in the exposed/unexposed interface area without diffusion
characteristics, reduce the rate of diffusion and the quantity of the proton. This
controls the wide change of line after development. The shortcoming is that
exposure dosage needs to be increased to produce enough proton H'.

(2) Dissolution inhibitor: Unexposed and has not reacted to inhibit dissolvent. The
purpose is to improve the exposed/unexposed ratio of development.

(3) Little member alkaline: Inhibits the pollution of the alkaline.

(4) Antioxidant: Prevents the oxidation of each composition.

(5) Stable pharmaceutical: Prevent all acids from producing PAG for decomposition.

(6) Active pharmaceutical of interface: Prevents the agglutination and precipitation of

every composition.
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(7) Free radical scavenger and little member exposure; volatile and will continue to
react.

(8) Solvent: Dissolves every composition in the prescription and is also used for spin
coating.

(9) Thickening agent: Thickening the coating of the photoresist film for use.

2.4.2 There are two common classes of photoacid generator (PAG):
(1) Ion type PAG such as iodonium and sulfoniums compound is referred to as
onium salt. The proton acid H" source will be produced after exposure took
PAG. There are two methods that can create H'. The first is that the solvent or
macromolecule needs to be able to support the protons. And the second is the
H' from PAG, donors does not need to support the protons.
(2) Non-ion type PAG:

(a) Non-polarity covalent bond: Electric charge is distributed when
equilibrium between two atoms of exposed bond breaks and need to
support the protons. This type of PAG is more sensitive to mere light than
the ion types, such as MeSB, NTPIL.

(b) Polarity covalent bond: Exposure that causes breaking in bonds or
rearrangement of two atoms that distributes electric charges uneven to
polarity. It does not need to support the protons.

Labile polymer acid labile protection and de-protecting reaction will take place in
polymers found in acid ALPG in its contact with unstable acid in the decomposition
of its de-protection, and DUV wavelength, which has no effect. Controlled by the acid
consistency of protons and the main intensity temperature time of PEB, reaction in the

activation of de-protection will initiate as shown in Figure 2.16.
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Figure 2.16 Activation energy of ALPG

The de-protecting reaction usually produces two kinds of acid bases:

(1) -COO-ALPG = -COOH". Carboxylic acid in which the polarity is high.

(2) -O-ALPG - -O'H". Phenolic acid in which the polarity is relatively low.

The molecular weight of the polymer is distributed in a narrow range where more
identical polymer photoresist is made up, and the contrast ratio gamma (y) is
relatively high therefore bonding of the polymer resolution is good. Purification of
separation is very tedious and difficult. It will produce -OH after de-protecting the
t-BOC and oxygen bond atoms. It also produces -COOH after the de-protection of
t-Butyl. These two ALPGs are structurally similar, but results are extremely different.
The protons have not been lost, therefore it can continue to catalyze de-protecting
ALPG repeatedly until encountering oxygen or other pollutants, etc. In which the
proton acid will enable termination. The traditional photoresist dosage =energy*time

about 100 mJ/cm*, CAPR dosage 5-30 mJ/cm’.
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2.4.3 The Development of CA positive PR
After CA positive photoresist de-protection finishes, it usually produces a high
polarity and an acid of -COOH" or - O'H". It is the same for the developer which also

uses TMAH of ~0.26N as DAQ/Novolak.

2.5 KrF 248 nm CAPR

(1). A single polymer, also known as homo-polymer, is not a copolymer. Regarding
tert-butoxycarbonyl (t-BOC) as ALPG, its function is for the protection base to serve
as phenol base —OH. After exposure, PAG will produce a proton acid H', and after
appropriate PEB bake, the proton acid H' in being catalyzed in ALPG de-protecting
reaction and the phenol based -OH which produces high polarity will both also release
simultaneously. This new H', which is adjacent to another ALPG reaction, releases
another new H' and so the cycle goes on until the activity is stopped, but the main
chain is not broken. After a large number of phenol base -OH is produced, the
polymer polarity will change from low to high, present acidity, so it can be dissolved
in the alkaline developer. This photoresist advantage contains phenyl which is strong
in resisting etching. Its shortcoming is that no existing single polymer structure has a
better -COOH carboxyl's acid base which is unable to offset various types of alkaline
pollutant to neutralize proton acid destruction commonly seen in T— top. After the
phenol base is produced by the de-protection, the de-protection polarity will not
change much due to low acid and polarity, which in result will influence its
development. Methods of improvement are needed in order to filter the air of the
environment area with increased cost.

(2) Two single copolymer, tert-butyl (t-Butyl) and 2-Tetra-hydro-pyranyl (2-THP)
which are ALPG exposed, baked, de-protected produce a low to high polarity -COOH

will strengthen the acid, making the photoresist system capable in its dissolution in
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the alkaline developer liquid. The main function of the prop up saturation heterocycle
base originally found within the chain is to strengthen and resist etching. Alkaline
pollutant, which neutralizes the external environment originally contained in the
-COOH base, will not participate in the chemical reaction of photoresist which is
environmentally stable (ESCAPR) [29].

(3) Ter-polymer: The formation of the metharylic acid (MAA) will act as a
macromolecule backbone of the acryl acid. First an etch-resisting single saturation
heterocycle will be included. The second will contain -COOH acid base to neutralize
the alkaline pollutant. The third will include a single prop up chain containing
tert-Butyl or 2-THP. NTNI regarded, as PAG exposed under low to high polarity will
be the same as two monomers. The first two single will not to participate in the
photochemistry or de-protecting reaction. The advantage of three single copolymers is
that each monomer each has a characteristic function with good photoresist properties.
The shortcoming is the difficulty in monomer separation, purification with

complications in reaching the designated 1:1:1 proportion normally expressed under x:
y: Z.
2.6 ArF 193 nm CAPR

ArF positive photoresist has an extremely strong absorption in the 248 nm light
wavelength due to its benzene ring. Acrylate based platforms with attached alicyclic
structures in which acrylic provides a high resolution but relatively poor etch
resistance. The semiconductor incorporation of the cycloaliphatic will side group in
the polymer backbone to reduce etch rate. Cyclic olefins will provide an intrinsically
good etch resistance, generally used to replace benzene ring in which the two will not
bond in saturation in the heterocycle. The main difference between 248 nm

photoresist and 193 nm photoresist is that PAG is usually <5wt% with pre-reaction
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solvent C¢Hg = CgHs+H to hold the ring to react with C¢H¢ = CH3;+CsH; or
C,H;+C4Hj3 and ionize and react with C¢Hg 2 C4H4+CoHo+e or Co,Hy+C4Ho e ete.
Normally a lithography wavelength intensity of absorbance <2.5 will be required by
each micrometer thickness. If the degree is too high, the top layer photoresist dosage
will also be too high; if the matrix floor photoresist is insufficient, the dosage will not
be uniformed. Most photons will undergo no photochemical reaction through
photoresist if the absorption is too low to produce little consistency of proton acid.
A=ebc (2.1)
Where A: Non-dimensional absorption degree,

€. Absorption coefficient, absorbance or absorption coefficient,

(dimensional mole'l, L. CM'I),

b: Direct light length (cm),

c: Consistency mole (L™).

ArF photoresist will regard norbornane as a macromolecule skeleton which is a
two single copolymer called polynorbornene. The advantage of this skeleton is its
automation and etch-resistance properties to fulfill all-around demands. After the low
to high polarity de-protecting reaction, norbornene will no longer have pair bonds and

will be known as a macromolecule called polynorbornene [30].

2.7 F, 157 nm CAPR

The 248 nm photoresist often uses -C¢HsOH phenolic group due to its possession
of benzene ring. An acidity phenol, the benzene ring or “phenyl”, is very stable in its
resistance to etching due to its double bond and 6m electronic resonance. Due to its
strong absorption to benzene ring, the 193 nm photoresist will not use saturation
heterocycle base with just one pair bond such as norbornane. The acid base which

often use -COOH carboxylic acid and C=O carbonyl with double bond will not be
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strong enough to absorb the 193 nm wavelength. Generally speaking, the 157 nm
photoresist will include one pair of function bases of bond m electron with strong
absorption of 7-n in 157 nm wavelength such as benzene ring bond pair using C=0
carbonyl as -COOH carboxyl acid which is unable to be used alone. The 157 nm
absorbance is dominated by C (2r) electrons with bonding configuration expected to
greatly influence absorption. Acrylic, phenolic, and cyclo olefin based photoresists
can all achieve acceptable optical transmission at 157 nm if the photoresist thickness
is <90 nm. However, industry experience has suggested that the defect density levels
will be unacceptably high at such a thin photoresist thickness.

Design the direction in two directions:

(1) Use and exclude function base of m electron and reduce the degrees of
absorption.

(2) Use the function base of & electron. May try relatively high bonding energy C-F
bond 441kj/mole, instead of the lower bond energy C-H key 415kj/mole in the
macromolecule structure in order to make O-O * absorption move to a shorter wave to
produce hypsochrome (blue shift) and 157 nm wavelength absorption (A) reduction.
Fluorine isopropanol (IPA) —OH will be regarded as a de-protection base with 6 C-F
bonds in the replacement of 6 C-H bonds [31]. Aside from the reduction of absorption
degree, the strong attraction from the highly negatively charged F will disperse
electrically charged and stable oxygen anion acid, which can also strengthen alcohol
base. <2.5 will be required by the 157 nm photoresist for each of its micrometer
absorption degree A with >7.0 are normally used in the 248 nm / 193 nm photoresist,
which uses t-BOC ALPG. The production of -COOH acid base will take place after
the de-protection of two base pairs of & electron. All though the m electron has a
strong absorption in 157 nm, it will continue to research and develop due to the lack

in 7 electron. Use manpower / material resources / time course if problems should
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occur in practice.

2.8 Motivation of this thesis

In order to keep with Moore’s law, many methods can be used to improve IC
circuit image resolution. However, the most effective method is to use the
increasingly shorter wavelengths which requires a weaker light source such as DUV
laser light with energy around 10-30 mJ/cm®. In order to compensate such low energy
of light source, additional post exposure bake (PEB) must be implemented
immediately after DUV CAPR exposure. In other words, the acquisition of CAPR
energy can be divided into exposed and baked components to promote an equal PEB
impact on CD situation and exposure. Bake heat-conduction will be controlled by
contact but the uniformity will not be in the likeness of the light, which is perfect and
correct. Thus the contact questions of PB and PEB with its uniform and direct
influence by the photochemical reaction within CAPR will usually cause yield loss
(CD shift) on half of the wafer. Chemically amplified under DUV exposure resistance
area, the photo-acid generator will produce protons H' that can subsequently catalyze
the de-protecting chemical reaction of polymer ALPG during the PEB step with other
new protons H' created again. Therefore, protons H" may continue and catalyze other
ALPG de-protection reaction. Through such chain reaction, the number of times of
de-protection reaction will enlarge by several hundred folds. The chain catalytic
reaction will influence variation of CD if the place of gate width/length is taken,
which in return will influence the threshold voltage (V) and leakage current (Iog),
characteristic.

A more important question is the inefficiency in current PEB control. It has already
caused FAB serious yield losses in which one must look for assistance from others to

solve the problem. Because the heat-conducting principal can easily learn wafer and
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plate contact with instantaneous plate temperature drop AT, the AT may be expressed
as a direct state of the bake process.

In order to verify this inference, 3 types of photoresists are used to examine the
correlation between AT and CD variation, namely, I-line PR, DUV 248 nm PR, and
DUV 193 nm photoresist with two kinds of bakes such as PB and PEB being studied.
The situation of using six kinds of different spacer thickness (2.5 mm/2.0 mm/1.0
mm/0.6 mm/ 0.1 mm /0 mm) will be used to put and hinder wafer from placing above
the plate.

We will utilize software to set up a simple limited element model in
three-dimension. Wafer surface temperature predicted by the model and actual T-Map
instrument data difference examined by the quantity is less than +2°C. The prediction
of the wafer and instantaneous plat-plate contact with plate temperature drop AT,
actual plate temperature drop AT and data difference of AT are all below +0.2°C. This
model will test the CD wafer and temperature predicted to all gaps in contact with
extremely good experimental relevance.

We have now found the temperature of the drop parameter AT, which can represent
PB/PEB of the photoresist bake state. The next step is to find 248 nm photoresist at
PB 0.94 nm/'C and PEB —0.61 nm/‘C and find 193 nm photoresist at PB 0.68 nm/C
and PEB —0.57 nm/‘C. We can make use of this model to assist the prediction on the
range of the new products or new process condition standing which in addition can

also conform to certain quality requirement of the wafer photoresist bake.
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Chapter 3 Experimental Methods

3.1 Finite element analysis

There are two kinds of general numerical methods, finite difference method and
finite element analysis. Finite difference method can be easily understood and applied
to some simple mechanical problem. But in complicated geometric questions, finite
difference method has become hard to put into use due to its extremely complicated
geometric pattern. Thus we must conduct our analysis using finite element analysis
[32].

3.1.1 Wafer and plate under exposure to conduct heat energy

There is 3 ways to transfer heat, namely: conduction, convection, and radiation.
The fastest and the most direct way are by conduction.

The transmitting rate of energy by heat conduction through a medium can be

described by eq. (3.1).

Q dT
P=—X=KA —
At dx G-
Where P : Transmitting rate of energy,

Q : Heat (J),

At : Time (Second),

K : Heat-conduction coefficient,
A : Contact Area.

I:dT :| _ Thi _Tlow
dx AL

(3.2)

Where T-hi : High side temperature (‘C),

T-low : Low side temperature ('C),
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AL : Conduct heat from a distance.
When a temperature gradient exists within the medium, the heat-conducting
phenomenon will take place due to the activity of the molecule with medium high

energy level as shown in Figure 3.1.

pR —l—T low
AL
) | T]li

Plate .

Figure 3.1 Heat energy transmission

3.1.2 Use ANSYS™ to analyze nodal heat conduction on the wafer
Because there are a lot of geometric patterns of different forms at the border of
round wafer, the use of triangular element is found to be relatively suitable for the

similaring of the curve of border, as shown in Figure 3.2. [33].

T
A Tk

Figure 3.2 Component of triangular element

The temperature in the triangular area is defined by eq. (3.10) first.
(&) _
TV =a, +a,X +a,Y (3.10)
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Conditions to satisfy nodal temperature (3.11), (3.12), (3.13):

T=Ti at X=Xi and Y=Yi (3.11)
T=Tj at X=Xj and Y=Y] (3.12)
T=Tk at X=Xk and Y=Yk (3.13)

Take (3.11), (3.12), (3.13) into (3.10).

Ti=a, +a,Xi+a,Yi (3.14)
Tj=a,+a,X]+a,Y] (3.15)
Tk =a, +a, Xk +a,Yk (3.16)

From (3.14), (3.15), (3.16) ask and solve: &;,a,,d;.
al = (1/2A)[(Xij—Xij) Ti+(XkYi—XiYk) Tj+(Xin—XjYi) Tk]
A, =(12A)[(Y; =Y Tit (Yx =Yi) Tj + (Yi =Y)) T«]

a3 =(12A)[(Xk —Xj) Tit+ (Xi —Xk) Tj+ (Xj = Xi) Tk]
A is the area of the triangular element: 2A=X; (Yj-Y«) X (Y«-Yi) +Xk (Yi-Yj)

T =[5, s, s,

i j j (3.17)

Define the function S, Sj and Sk of the form:
a =X Y-XkYj, Bi=Yj-Yi , 8i=Xk-X;
ai=XkYi-XiYk, Bi=Yk-Yi, 6;=Xi-Xk

a =X Y XYi, Y-, 8=X X

If T; >>Tj and T; >>T

a,+a,X+a,Y a aXxX ay
_“ 2 S i i

Si - - —+—
Ti Ti Ti Ti
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T T o.T
:L ai+aj_.1+ak_-.rk +L ﬂi+ﬂl_'l+ﬂk_-'|_l< +L 5i+J_.J+5k_Tk (318)
2A Ti Ti 2A Ti Ti 2A Ti Ti

Si=(1/2A)(a;+BiX+d;Y) (3.19)

Iij >>T;, Tj >>Ty

a+a, X+ayY a aX ay
| 2 3. A P L

Sj . : : :
T) LU
_ el ad | X AL g A ) Y [OT o O 55,
2A Tj PO 2AL Tj LT 2A\ Tj S
Si=(1/2A)(aj+B;X+5;Y) (3.21)

If Ty >>Ti, Tk >>Tj

a,+a,X+aY a aXxX ay
_ 1% 3 _ A B ™

Sk —
Tk Tk Tk Tk
T T, T. T T o1
:L a|T|+aJ ’+ak +L IB|T|+ﬂJ J+ﬁk +L ﬂ+ i J+5k (322)
2A\ Tk Tk 2A\ Tk Tk 2A\ Tk Tk
Sk=(1/2A) s+ BX+5¢Y) (3.23)
Si=(1/2A)((xi+BiX+5iY) (3.24)
Si=(1/2A) (o +BX+5;Y) (3.25)
Tl
i ‘?.fn“lf_': ?'TC —
: : (240,1
E ' 5]
1L,
(15
v D
054) 18
= x

Figure 3.3 Triangular element calculated temperature of specific positions
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Table 3.1 shows the define element type wafer and plate parameters for material
properties In ANSYS, and create wafer and plate geometry 3D graphic by ANSYS
volumes editor, and generate the triangular mesh by mesh tool smart size function,

such as Figure 3.4.

Table 3.1 Characteristic parameter of Si wafer and Al alloy hot plate

Parameter Unit Al alloy Wafer (S1)
Heat spreading rate W/m.k 75 120
Specific heat C Jkgk 470 913
Density Kg/m’ 6.8 2.52

) ANSYS
ELEMENTS

JUL 4 2008
14:09:12

Haot Flate

Figure 3.4 Wafer and plate geometry 3D graphic and triangular component
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Apply displacement constraints and applied heat energy, review the results using
the general postprocessor, exert the hot convection, define attitude analysis and

initiate temporary conditions and finally find the result shown in Figure 3.5.

_I.I_u:urujgl'. SOLUTION

[AVE)

Figure 3.5 Calculation color temperature picture of wafer
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3.2 Experiment steps

3.2.1 Standard lithography photoresist process flow

As shown in Figure 3.6, the typical flow of photolithography process in
semiconductor industry. There are 7 main steps. In order to improve the wafer
production output in each step, many units will be processed at the same time as
shown in Figure 3.7 From here we can find 4 steps (1), (3), (5), (7) among the bake

process.

(1). Surface preparation
Adhesion (ADH) Hydrophobic Treatment

v

(2). Coater (COT) Photoresist Coating

v

(3). Pre-Bake (PB) Soft bake solvent levels
have been reduced from 70-80% to 10-15%

v

(4). Exposure (EXP) Optical principles

design by stepper or scanner

v

(5). Post exposure bake (PEB)
Enhances the photoresist profile.

Photoacid deprotection mechanism.

v

(6). Developer (DEV) Development, rinse

v

(7). Post Bake

Figure 3.6 Standard lithography photoresist process flows
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As shown in Figure 3.7, the Tokyo Electron Limited (TEL) track 5 blocks namely
1-X, 2-X, 3-X, 4-X, and 5-X. The block 1 includes wafer loader and unloader 1-1, 1-2,
1-3, 1-4, and 1-0 main arm. The 1-0 main arm will load wafer from 1-1 to 2-6, and
unload wafer from 2-5 receive to 1-1. The block 2 include coater 2-1, 2-2, 2-3, and
2-4, the 2-7, 2-8, 2-9 are adhesion unit, 2-10, 2-11, 2-12 are cooling plate unit, 2-27,
2-28, 2-29 are pre exposure bake unit, 2-5, 2-6, 2-17, 2-18 are transfer buffer unit, and
2-0 main arm can load and unload wafer for all block 2 unit. The block 3 include
developer 3-1, 3-2, 3-3, and 3-4, the 3-6, 3-7 and 3-8 are post exposure bake unit, and
3-12, 3-13, 3-18 are cooling plate unit, 3-10 and 3-11 are post develop bake unit 3-15,
3-16 are transfer buffer unit, and 2-0 main arm can load and unload wafer for all block
3 unit. The block 4 include 4-1, 4-2, 4-3 transfer buffer unit, and 4-0 main arms can
load and unload wafer for all block 4 unit. The block 5 is stepper include 5-1 wafer
aligner, 5-2 wafer leveling, 5-3 wafer exposure, 5-4 re-aligner, 5-5 output port. The

X-0 main arm will automatically transfer wafer if target and source unit requested.

30=0 20=0) anm = 405 5)
[1 J=3-18 > 218 [1 F2-18 325 Setting = 5(5,30)
[2.3 |=3-103-11 —»3-18 [2 212 =207 Court = CS5 30)
[4,5,6,7,8,8 [=3-13-233 2310211 [34 ]=2-13,2-1432-12 Wafer= W5 300
[10,11,12,13,14,15]=3-123-13 —3-13-23-3 [5,6,7,8 ]=2-12-2 2-132-14
[ 16,17,18,19,20,21]=3-6 3-T 3-8 - 3-12.3-13 [9.10,11,12 ]=2- 8.2-10 3- 12-2
[22,25 24 |=3-15 > 363738 [13,14,15,16]=2- 72- 8 52-92-10
[25 |=2-17 >3-4 17,13 JF2-6 >3-728
4.0=0 e

1]2-5 > 1.3
[1] 53 = 315 {g} 11326
[2] 316 > 53 ‘

A1

— — 3 3010
Cilm
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I L
Bl e
ElE (e

Figure 3.7 All units of Tokyo Electron Limited (TEL) track
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3.2.2 Hot plate for primer

As shown in Figure 3.8, the hot plate for primer units will utilize heat energy to
drive away the moisture content on the wafer surface (dehydration baking). In order to
minimize moisture effects on the photoresist adhesion, a variety of surface
pretreatment techniques are used. The most common is the application of
Hexamethyldisilazane (HMDS), which will cover on wafer surface with a layer of
hydrophobic material as shown in Figure 3.9. It is easy to join wafer and photoresist.
As shown in Figure 3.10, the hydrophilic interface of the photoresist is difficult to
stick to the wafer, which can cause photoresist to peel off during subsequent
processing. This problem will also begrime the machine along with many other of the
follow-up wafer. SiO, and metals are considered high-energy surfaces with surface
free energy >103 dynes/cm. The photoresist is a form of solution with low surface
energy (<36 dynes/cm) typical of a photoresist. Therefore, spontaneously wet SiO,

and metal surfaces may be expected in addition to results in good adhesion [34].

o nhr e
T . Water e o-Tring

Plate

Up/Down
Motor EX@ELSt

Figure 3.8 Hot plate for primer
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(H,O)Si (H,O)81 (HO),Si

OH OH OH o o6 d
[ ]
SiSisi AT siosioSi__

Substrate (H;C);8i-NH-81(CH,)- Substrate

Figure 3.9 HMDS primer wafer surface hydrated to low moisture surface

There are three factors which can interfere with photoresist adhesion:

1. The solvent can push the resin away from the wafer surface. During soft bake,
the solvent may evaporate with resins constrained by the photoresist film with the
filling of the resulting gaps.

2. The resin will then form tight coils to minimize its energy and lower its
interaction with the substrate. Resin-resin interaction can be stronger than the
resin-substrate interface interaction particularly in poorly matched base solvent to
resin.

3. Consider photoresist in interaction with SiO,. Surface contamination, especially
water moisture, has a very high affinity for SiO,. From here one can see that moisture
has a much stronger interaction. Moisture interaction with SiO, is a particular

problem because the existing SiO; is already hydrated by the humidity.

% AN

Low Contact angle High Contact angle
High Surface energy Low Surface energy
P R P P
Wafer Wafer
Resist pattern easy to peel Resist pattern hard to peel

Figure 3.10 Photoresist peel
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3.2.3 Coater units of the photoresist spins

As shown in Figure 3.11, the arm of the photoresist spin coater units is a moving
resistance nozzle heading in the direction of the wafer center. The photoresist spin
coating process will begin by dispensing a controlled volume of photoresist which is
then dispensed onto the center of the wafer. The wafer is spun at high speed to
produce a uniform and partially dried photoresist film. The volume of the photoresist
dispensed on the wafer size is typically 1 to Sml (200 mm wafer). During coating, a
solvent may be dispensed onto the outer-edge of the wafer to dissolve the edge-bead.
This is a common method for line widths greater than approximately 0.5 mm. From
the perspective of the edge-bead removal technique, the backside of the wafer is
typically washed with an AZ Ebr 7030 solvent to remove any photoresist that may
accumulate on the backside during coating. Spin motor rotational speed is in inverse
proportion to photoresist film thickness with static or rotation at a few hundred RPMs.
General photoresist will control the temperature at 23°C. When the photoresist
temperature is high, it will cause the thickness of wafer center to become relatively
thin. In contrary, a low photoresist temperature will result in partial thickness of the
wafer center. Coater exhaust must be carefully tuned and controlled to achieve
uniform and repeatable photoresist films. The use of spin coating in IC fabrication is
virtually universal, although there are several methods in which photoresist can be

coated onto a wafer as shown in Figure 3.12.
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Figure 3.11 Coater unit
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Figure 3.12 The photoresist coater parameters
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3.2.4 Hot plate for pre-bake, PB (Soft Bake)

As shown in Figure 3.13, the pre-bake units following the coating of photoresist
solvent levels have been reduced from 70-80% to 10-15% by heat energy in order to
reduce residual solvent level in the PR. The reduction of photoresist free volume will
reduce subsequent diffusion lengths for DUV resistance improvement resolution. The
outer anneal residue will stress in the as-coated photoresist and improve adhesion in
order to improve the difference in the development rate between the exposed and
unexposed portions of the PR. Exhaust will take solvents produced by the evaporation
away immediately to prevent depositing. Because hard bake is performed after pattern
formation, the photoresist sensitizer will not limit bake temperature. The only limit on
the hard bake temperature is by photoresist breakdown and or pattern distortion. Thus
hard bake temperatures is much higher than soft bake temperature sometimes even
higher than PEB temperature which can drive off residual solvents more efficiently.
I-line photoresist Ar89 PB will bake for 90 seconds at 90°C; DUV248 nm SEPR203
photoresist PB will bake for 90 seconds at 100°C and DUV 193 nm G48 photoresist

PB will bake for 90 seconds at 100°C [35].

Exhaust

’ solvent

L4 4

wafer —g

NN

Plate heater

Figure 3.13 Hot plate unit
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3.2.5 Exposure

As shown in Figure 3.14, the stepper exposure unit. The problems associated with
making large diameter high NA lens has placed a practical threshold on the field size
of the step and repeat systems. For a matching lens size, a step and scan system can
achieve a larger field size than a step and repeat system. The basic principle of the
step and scan is that a lens system can be taken to a location on the wafer with a slit
imaged through the lens followed by scans of the reticle image onto the wafer.
Defined by the reticle, the exposed and the unexposed area will then determine the
keeping of the circuit pattern in accordance with photoresist characteristic. As shown
in Figure 3.15, ten kinds of important process parameters under exposure with one to
determine the quality of the exposure process. I-Line photoresist Ar89 exposure will
use stepper UV 365 nm 350 mJ while DUV photoresist SEPR203 exposure use
scanner laser 248 nm 15 mJ and DUV photoresist G48 exposure use scanner laser 193

nm 20 mJ [36].
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Figure 3.14 Exposure unit
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Translation error ~ Astigmatism Focal Plane Deviation Height and Image Tilt Lens distortion

Magnification error Red Blue distances Red Blue offsets Rotation error Trapezoidal error

Figure 3.15 Exposure parameters [37]

3.2.6 Hot plate for post-exposure bake (PEB)

PEB is a bake step performed prior to development and after exposure. Heat
energy is utilized in I-line photoresist to produce an averaging effect across the
exposed /unexposed boundary. Aside from the inability to increase and stick to
photoresist, PEB performed under 10 to 20°C above the soft bake temperature can
reduce standing wave effect with DQN photoresist. During PEB the PAC in the
photoresist will diffuse from a high concentration region to low concentration region
by reducing the differences in the development rate. With the advent of CAPR, PEB
has taken on a new important role. CAPR will require a bake, typically between 90 -
140°C for 1-2 minutes. PEB is required to allow the photo-generated acid to diffuse

and accelerate the de-protection mechanism. DUV photoresist under immediate
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exposure is designed with a photo-acid generator (PAG) for chemical amplification in
the DUV-exposure resistance area. Photo-acid generator will then produce protons H',
which can subsequently catalyze the de-protecting chemical reaction of the polymer
acid labile protecting group (ALPG) during PEB step with other new protons H"
created again. Therefore, protons H™ can continue and catalyze other ALPG
de-protecting reaction. Through such chain reaction, the number of times of
de-protection reaction will enlarge by several hundred folds. Control of PEB
temperature and time is critical to control the diffusion length of the photo-acid. If the
photo-acid diffuse too far, broadening of the exposed areas may result. PEB has also
been found to improve critical dimension control, exposure latitude and photoresist
profile. Some researchers have reported additional benefits of PEB >30°C and above
soft bake temperature such as in contrast enhancement. PEB will be at 110°C for 90
seconds in Ar89 photoresist with PEB at 110°C for 90 seconds in SEPR203

photoresist and PEB at 110°C for 90 seconds in G48 photoresist.

Effects of PEB temperature on CD shown in table 1.2 has listed several CAPR and
CD change per C for PEB. Note that while some photoresist are quite insensitive to
temperature changes, resist such as APEX E are extremely sensitive. PEB at 100°C
for 2mins will result in diffusion length of ~5 nm. The chemical reaction in
PTBOCST during PEB are quite complex with numerous side reactions which may
occur depending on the exposure and PEB conditions. The side reaction can effect
contrast and sensitivity depending on the processing conditions in addition to

illustrate the importance of careful process control for CAPR.
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3.2.7 Developer:

Due to the concerns in metal contamination, metal free developer currently in use
is tetramethyl ammonium hydroxide (TMAH). The method of removing acidic
material formed in the photoresist exposure area with preserved photoresist parts
needed is currently the most frequently used. The spray of the developer will enable
spin puddle at the same time. Rinsing of the DQN developers is done with DI water.
Normally 2.38% of the TMAH developer will be sprayed on the photoresist first to
force reaction under inactive state. Then it will be washed by rotation and spinned dry
as shown in Figure 3.16 [38].

dispense DI Water+ Spin dry Finished

Spin dry
n w1 o n |
[ ]
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Dmluperf/l\h-h-"
PR T Y| i""'""'_llll:ll:ll:rrl.l:l_ﬂ.tl:l_ﬂl:l.l:l.l:'

Wafer
Figure 3.16 Developer steps
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3.2.8 Hot plate for post development bake

Will utilize heat energy to remove residual solvents; improve adhesion; increase
etch resistance and reduce pinholes and thin spots. PDB will be at 100°C for 60
seconds in Ar89 photoresist with PDB at 100°C for 60 seconds in SEPR203

photoresist and PDB at 100°C for 60 seconds in G48 photoresist [39].



3.3 Experimental

3.3.1 Preparation of the tilt wafer

Watfer for normal condition should be placed in the center of the plate with equal
distance between six guiding devices as shown in Figure 3.17. During the position
shift of the arm, the position skew of the wafer is too big to act as a guiding device. In
this range, the backfills will not run smoothly. Utilize the wafer (cold side) to stick to
the plate (hot side) closely. For small and instant difference in temperature and the

determination of wafer tilt is shown in Figure 3.18.

rr’

L

Figure 3.17 Top view of wafer and guide pins of hot plate
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Figure 3.18 (a) normal position, (b) abnormal position for wafers during PB or
PEB bake
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Wafer must be in the guiding device block state, which does not allow the
reoccurrence of the normal position of wafer skew. First set up and plan the recipe in
accordance with standard wafer flow, then store the recipe. Place the cassette and
combine the executive program. Before wafer moves to plate, press the arm pause
button first. Put the first spacer on plate as shown in Figure 3.19-3.20. Release the
arm pause button and continue to move the wafer. Wafer will be automatically placed
in the plate and the process will begin. Wait for process to finish. The wafer will take
out the next piece and continue to move in the plate. At this stage, press the arm pause
button again. Put the second spacer on the plate and release the arm pause button to
continue with the wafer movement. Wafer will be automatically placed in the plate to
start the process. Carry out the steps described above repeatedly until all wafer tilt
wanted by the experiment is complete (Wafer tilt spacer 2.5 mm, 2.0 mm, 1.0 mm, 0.6
mm, 0.1 mm, 0.05 mm, 0 mm). Afterwards, move these wafers to the thickness

measuring instrument before moving to SEM.
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Figure 3.19 Various tilt conditions created by inseting spacers with different
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Figure 3.20 The schematic design of spacers relative to wafer transfer system

and plate

3.4 Instruments for principle analysis

3.4.1 Thickness measuring instrument (THM)

This experiment will use UPTI to probe THERM-Wave 3290/2600 DUVI. This
instrument mainly utilizes ellipsometry to carry out thickness measurement. The
principle is when the light shine, the photoresist will reach wafer surface. The light is
divided into two components with one part directly reflect to detector and the other as
a line of light to enter in the photoresist. Reflection on the wafer sub layer surface will
cause the light route of this component to leave and enter into the photoresist
component. The thickness upon entering photoresist will influence the length of the
route. The interference of these two lines of light will result in construction,
interference and destructive interference. In accordance with the stripes of
interference, calculate two lines of mere optical distance difference. Depending on the
difference of optical distance and light incidence angle, the refract coefficient will
calculate photoresist thickness, which can be done without contact and destruction to

measure and examine film thickness as shown in Figure 3.21 [40].
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Figure 3.21 Principle of ellipsometry

Ellipsometers can provide both film thickness and index of refraction information.
The name ellipsometer is derived from its use of elliptically-polarized light to
measure film properties. In an ellipsometer, a laser beam is elliptically polarized and
reflected from the specimen to be measured. The reflected beam will pass through an
analyzer drum and onto a detector. The analyzer drum will then rotate to produce a
minimum value under the light intensity reaching the photo-detector. By reading the
polarizer and analyzer settings, the film thickness and index of refraction may be read.
If a single reflectance angle is used, multiple film thicknesses can produce a null and
the user must start with some idea of the expected film thickness in order to select a
single value. If multiple angles are used, a single value may be obtained.
Multi-domain tools in combination with multiple angles and wavelengths will allow

multiple film stacks to be characterized as shown in Figure 3.22.
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Figure 3.22 Set up schematic of an ellipsometer

3.4.2 Scanning electron microscope (SEM)

In order to isolate the interference of the gas molecule in the air, SEM must be
carried out before measuring. The SEM chamber must be of a vacuum environment
and the systems designed for in-line systems must be equipped with load-locks system
and automatic pattern recognition under software control to shorten the time for
vacuum and cassette to cassette wafer handling. The vacuum system is divided into
three sections. First, is to rough pump about 10 torr from the dry pump. Second is to
pump about 107 torr, from the turbo pump. And third, is to absorb about 10~ torr from
the ion pump. The energy of the electron beam will influence image quality directly.
Energy that is lower than 2kev will reduce the damage to measuring the material, but
energy that is too low will also influence the accuracy of the line width in which CD
and SEM extends inspection into the deep sub micron regime. In a SEM, a column
similar to the one illustrated in Figure 3.23 generates a focused electron beam. The
electron beam penetrates through the matter to measure materials and the secondary
electron after colliding. SEM can receive the second electron data by detecting the
examining device and when the electron beam scans over the sample being inspected.

One or more detectors may be used to detect electrons reflected or emitted by the
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sample being scanned. After amplifying the signal, the signal will become controlled
light and shades in a luminance CRT displayer. Using electron beam and CRT image
synchronous to scan the position allows for drawing of the images with the contrast
signal from the second electron which is recognizable by the computer imaging
calculation CD. Field emission SEMs offer high resolution at low energies and are
well suited to photoresist inspection where there are higher energy-charged electrons
and/or may damage the photoresist film as shown in Figure 3.24 [41].
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Figure 3.23 Scanning electron microscope
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3.4.3 Temperature measuring instrument (T-MAP)

This instrument has 17 temperature sensors sticking on wafer surface, which are
positioned uniform distribution. This tool measuring the 17 seats at the same time is
in terms of voltage value to provide the temperature reading. This voltage signal is
then changed into a digit signal with an A/D converter. Combine 17 temperature
values by the controller and utilize COM RS232-Port to send out the result. After
the computer receives the data, it will combine and use the T-MAP software for

analysis, shown in Figure 3.25[42]
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Figure 3.25 T-Map wafer surface temperature profile analysis
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3.4.4 Obtaining plate AT:

Make an artificial intelligence microcomputer chip AT89S51 [43] to, plant into the
machine which will bind perfectly with the machine as shown in Figure 3.26.
Strengthen the performance and function of the machine as follow.

(1) Increase the sampled frequency of AT data and take a sample instead of once

every 8 seconds, once every second.

(2) Confirm processing AT and correct the initial time signal.

Figure 3.26 Setup microcomputer chip

3.4.5 Methods to increase AT and taking a sample
(1) The code to begin communication between the intercepting machine and the
hot plate is to find out the initial code in the communication protocol which
is "@". The code to end command is "*". Length of every sentence must be

learned as shown in Figure 3.27.

54



@O0RX01004B" @O00RX000059274" Plate 2- 7= 59.27
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Figure 3.27 Communication code between the machine and hot plate

(2) Communication exists in every sentence between the machine and the hot
plate. Find out the code that expresses temperature, and in order to confirm
accuracy, must heighten or lower hot plate temperature designated. In the
communication code of check-up, again, express temperature code, whether
if one degree of change in rising or dropping in the temperature is within
expectation.

(3) Try to procure hot plate temperature by observing the hot plate and replying
the materials in which there is a temperature code.

(4) The communication code between the machine and hot plate could be found
in repeated circulation cycle and during the stand-by cycle. Interrupt the
cycle to send and ask for the temperature.

(5) If a haphazard code appears, when the machine is in standby state, the hot
plate will receive a temperature to reply and thus influence the repeating
circulation cycle. During appropriate times the masks will join which
prohibits the machine from hearing the replies from the hot plate as shown in

Figure 3.29.
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Figure 3.28 Increase AT sampled rate and haphazard code mask

(6) Hot plate temperature data collector as shown in Figure 3.28.
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Figure 3.29 Hot plate temperature data collect software
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3.4.6 Confirm process AT in real initial time
Use real pin to mark up/down signal; confirm the process, and correct initial time

in order to compare the difference in temperature are shown in Figure 3.30.
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Figure 3.30 Hot plate temperature data collector

3.4.7 Bake the judging principle of unusual AT

Poor contact problem between wafer and plate will cause the temperature AT to
drop drastically. It will be critical to judge whether the state of contact is good or bad.
For example, when the instant the wafer touches the plate and pins down signal
happens, there should be an immediate temperature drop about 0.9~1.2°C. Which is a
normal temperature drop as shown in Figure 3.31 When the temperature drop is <

0.6°C, the contact is abnormal, as shown in Figure 3.32.
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Figure 3.32 Temperature drop profile for abnormal contact between wafer

and hot plate

3.5 Materials and utensils:

3.5.1 Silicon Wafer
(1) 8 inch Reclaim Wafer W803103, thickness of 705~745 yum was obtained from,
Kinik Company Semiconductor Materials Co., Ltd.
3.5.2 Photoresist
(1) I-Line Photo Resist PFI-38A was obtained from SUMITOMO CHEMICAL
COMPANY Co., Ltd.
(2) I-Line Photo Resist Ar89.
(3) DUV Photo Resist G48.
(4) DUV44-6 Anti-Reflective Coating (ARC) from Nissan Chemical industries,

LTD.
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(5) SEPR-203 8mPa’s (cP) from Shin-Etsu Chemical Co., Ltd.
3.5.3 Solvents:

(1) AZ edge-bead removal (EBR) 7030 (90% PGMEA/10% Acetone) from AZ
Electronic Materials Taiwan Co., Ltd.

(2) Hexamethyldisilazane (HMDS), Molecular Formula (CH3)3S;NHS;(CH3)3,
molecular weight: 161.39, Boiling Point: 126°C, Flash Point: 25°C, from
Clariant Lsm (Florida) Inc.

3.5.4 Developer:
Tetramethyl ammonium hydroxide (TMAH), MD-3 Concentration 2.38wt%,
Carbonate as CO,< 0.03wt%, without surfactant.
3.5.5 Reticles
(1) TCE Photronlcs Semiconductor Mask Corp.
(2) DuPont PhotoMasks, Inc.
(3) Aligh Rite Linited.
3.5.6 Steppers
(1) ASML Stepper, Scanner 200, 500, 800, 1100.
(2) TEL Track M8, ACTS.
3.5.7 Lasers
(1) ELS 5610 248 nm Max Pulse Energy 50 mJ CYMER.
(2) ELS 6600 248 nm Max Pulse Energy 50 mJ CYMER.

(3) G42A4 ArF 193 nm Max Aver Power 200 Watts GIGAPHOTON.
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Chapter 4 Results and Discussion

4.1 Temperature analysis

4.1.1 Plate temperature analysis

The plate drop temperature AT provides valuable insight into information
regarding a bake condition, which can be related to the CD of the whole wafer.
Temperature drop can thus be used to identify abnormal bakes of a wafer, as well as

reduce the rework rate and yield loss without incurring too much cost.

4.1.1.1 Actual temperature of plate

When the wafer comes in contact with the plate, the wafer temperature is 23°C and
the plate temperature is 85°C. According to the heat conduction principle, heat is
transferred from a high to a low temperature, resulting in a temperature drop (AT) in
the plate. Contact area between the wafer and the plate influences the result of AT.
Additionally, the state of the wafer baking process can be assessed by using this
parameter. Figure 4.1 indicates that the AT under normal circumstances is 1.2°C.
When the wafer and plate interface have a 0.1 mm gap, AT changes from 1.2°C to
1.0°C. A larger gap leads to a smaller AT. When AT is about 0.25°C, the plate gap can

be as large as 2.5 mm.
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Figure 4.1 Plate temperature for wafer sequence (#1 to #13) at various gaps
(0-2.5 mm) and plate set-point of 85°C

Table 4. 1 Summary of Plate temperature drop AT for gaps from 0 to 2.5 mm

(Wafer No #1 #2 #3 #4 #5 #6 #1 #8 #9 #10 #11 #12 #13
Maximun| 8507 | 85.17 | 85.07 | 85.17 | 85.07 8527 | 85.07 | 8527 | 8527 | 85.37 8537 | 8537 | 8537
Minimum{ 84.87 [ 8497 [ 84.87 | 84.87 | 84.67 84.87 | 84.57 | 84.77 | 84.27 | 84.37 84.17 | 84.17 | 84.17

AT(C)| 02 0.2 0.2 0.3 0.4 0.4 0.5 0.5 1 1 1.2 12 12
Gap (mm 2.5 2.0 1 0.6 0.1 0

Figure 4.2 shows the plate temperature drop, AT as a function of gap from 0 to 0.5
mm. In practice, performing experiments for a gap below 0.5 mm may be extremely
difficult because a thin spacer is either warped or crocked to serve as a medium for a

stable and reliability gap.

Plate AT
14 1

12+
1t \

AT 0.3
(C)o6 r \I
04 f j\[
.l :F\{:F\*::S:]
0 0.5 1 1.5 2 2.5
Gap (mm)

Figure 4.2 Plate temperature drop AT for gaps from 0 to 2.5 mm
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The photoresist baking temperature generally ranges from 80°C to 1207C,
necessitating another experiment at 120°C. When the hot plate raises the temperature
to 120°C, the wafer temperature is still 23°C. According to Figure 4.3, AT under
normal conditions rises to 1.3°C instantly, in comparison with an increase of 0.1°C for
the 80°C AT when the slope is gentle. When the wafer and plate interface have a 0.1
mm particle, AT is changed from 1.3°C to 1.1°C. When the slope is steep and the
wafer and plate interface has a 2.5 mm particle, AT is 0.15°C, i.e. similar to the result

of 80°C, as shown in Table 4.2.

Plate Temperature
120.6
120.4
120.2
120
T 1198 - 4
119.6
119.4 i “
1192
1o L #  #2 #3 #4 #5 # #
Wafer Sequence

Figure 4.3 Plate temperature 120°C, wafer sequence #1 to #7

Table 4.2 Plate temperature drop AT for gaps from 0 to 2.5 mm

Wafer No. #1 #2 #3 #4 #5 #6 #7
Maximun ("C)| 119.97 [ 120.07 [ 119.97 [ 120.07 [ 120.07 [ 120.27 [ 120.37
Minimum ("C)Y 119.87 [ 119.67 [ 119.37 [ 119.37 [ 119.27 [ 119.07 [ 119.07

AT (C) 0.1 0.4 0.6 0.7 0.8 1.2 1.3
Gap (mm) 2.5 2 1 0.6 0.5 0.1 0
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Figure 4.1 and 4.2 compare the various tilts of 85°C and 120°C by deducting 85 C
AT from 120 C AT, which results in the average increment of about 0.1°C at different
tilts. A higher plate temperature implies a more decisive change in AT, and can

explicitly describe a bake process state, as shown in Figure 4.4.

(=E—120C AT =6=85C AT =H=120'C AT-85C AT

14 r

SN

0.6

()
04 |

Gap (mm)

Figure 4.4 Comparative AT of 85°C and 120°C

4.1.1.2 ANSYS simulation of plate temperature

The temperature is simulated using ANSYS software, with a very small wafer tilt
of 0.05 mm while most of the wafer touches the plate. For a large plate temperature
difference AT, e.g., between approximately 115.48°C and 120.0°C, the range of the
plate temperature profile is about 4.5°C due to the temperature-detecting device of the
plate. Notably, the temperature of the plate center must be used since the position is at
the center of the plate. Consequently, AT is equal to 120°C-118.8°C=1.2°C, as shown

in Figure 4.5.
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(d) tilt=1.0 mm, plate AT =0.6"C (e) tilt=2.0 mm, plate AT =0.5C

NODAL SOLUTION

Wafer tilt AT=120°C-119.85C
Gap=2.5mm =0.1C

117.046 SAEL 119.8
119.65 119.75

Hot Plate

(f) tilt=2.5 mm, plate AT =0.1°C
Figures 4.5 ANSYS simulation results of plate temperature drop, AT for various
gaps at plate temperature of 120°C
With a greater slope, the wafer tilt reach about 2.5 mm. Also, with the wafer barely
touching the plate, the temperature drop is extremely small within the plate, between,
i.e. 117.04°C to 120.0°C. In addition, the plate temperature profile ranges by about
3°C. The temperature of the plate center is about 119.9°C, i.e. AT is about

120°C-119.85°C=0.1°C, as shown in Figure 4.5 (f).

4.1.1.3 Simulation error

Software simulation is set at 120°C to test all contact situations. Figure 4.5 shows
AT of the simulation plate position of the central point; Figure 4.5 shows the
combined AT of data; Figure 4.2 shows the real plate temperature; and Figure 4.6

compares the results with a £0.2°C marginal error.
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Figure 4.6 Compared simulation and actual AT of plate 120°C

4.1.2 Wafer surface temperature analysis

The wafer surface temperature for gaps ranges from 0 mm to 2.5 mm, as measured
finest experimentally. These data will be used subsequently to compare with
simulation data and to determine whether a simulation error occurs. The shift CD per
C is calculated as well.

4.1.2.1 Actual temperature of wafer surface

The wafer temperature is initially 23°C because the wafer is above the plate. The
wafer has not yet touched plate, and the wafer and the plate are about 2 cm apart from
each other. The wafer is then heated to about 40°C. After about 10 seconds, the
support wafer that falls into the plate is identified. At this moment, the wafer is in
constant contact with the plate. Within 20 seconds, the wafer temperature rises to
115°C. This finding reveals not only a good uniformity, but also a good accumulation
of all of the curves. The wafer remains in contact with the plate well, as shown in

Figure 4.7.
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points temperature good uniformity

From the surface temperature of the wafer, the minimum temperature is 113.2 C;
the maximum temperature is 118.3°C, with a range of 5.11°C; and the average
temperature of the wafer is 116.57°C, as shown in Figure 4.6. According to Figures
4.8~4.13, a larger tilt a shows broaden disperse distribution of the temperature curve.

Moreover, a larger range implies less contact area between the wafer and the plate.
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Figure 4.8 When wafer tilt gap=0 mm wafer surface temperature drop 5.11°C
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Figure 4.9 When wafer tilt gap=0.05 mm wafer surface temperature drop 5.66°C
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Figure 4.12 Wafer tilt gap=1.0 mm wafer surface temperature drop 32.59°C
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Figure 4.13 Wafer tilt gap=2.0 mm wafer surface temperature drop 35.61°C

When the wafer tilt is 2.5 mm, a time-lag must occur for the temperature to remain
steady at 40°C. At the 36th second, wafer falls into the plate with the wafer still in
contact with the plate. Although the wafer temperature has not reached 90°C, after one
minute, the temperature curve is widely distributed. Figure 4.14, illustrates a small
wafer and plate contact area, in which the energy can not be transferred from the plate

to the wafer, resulting in a final temperature still under 100°C.
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Figure 4.14 Wafer tilt gap=2.5 mm wafer surface 17 points temperature
unbalanced
According to the surface temperature of the wafer, the minimum temperature is
60.43 °C; the maximum temperature is 98.17°C, with a range of 37.74°C; and the
average temperature of the wafer is 72.05°C. Moreover, the average surface
temperature of the wafer is 44.52°C i.e. lower than the normal wafer average

temperature of 116.57 °C, as shown in Figure 4.15
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Figure 4.15 Wafer tilt gap=2.5 mm wafer surface temperature drop 37.74°C

4.1.2.2 ANSYS simulation temperature of wafer

The wafer temperature is simulated at an extremely small wafer tilt of 0.05 mm by
using ANSYS software. As most of the wafer is in contact with the plate, the wafer
surface temperature profile is not wide, ranging approximately between 116.03 C and
120.03°C. The wafer temperature profile ranges by about 4°C, as shown in Figure

4.16.
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NODAL S0LUTION

wafer tilt gap=0.05 mm, surface temperature dropped 4°C

wafer tilt gap=1.0 mm, drop 31°C wafer tilt gap=2.0 mm, drop=36.9°C

Figure 4.16 Simulation tilt gap from 0.05 to 2.0 mm wafer surface temperature
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With a steeper slope, which reaches about 2.5 mm, the wafer is barely in contact
with the plate, resulting in a wide wafer surface temperature profile between 82.02°C

to 120.0°C, as shown in Figure 4.17.

Hot Plate

Figure 4.17 ANSYS simulation wafer tilt gap=2.5 mm, wafer surface temperature

drop 38C

4.1.2.3 Calculation of the simulation error

Figures 4.7-15 shows the surface temperature of an actual wafer. The simulated
wafer surface temperature, as determined by the ANSYS software, is 120°C, i.e.
similar to the one shown in Figures 4.16-17. The simulation condition is that for a
plate at 120°C. Figure 4.18 compares the surface temperature of the real wafer with

the simulated wafer surface, with a marginal error of +2°C.
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Figure 4.18 Simulation error of wafer temperature

This model can simulate an extremely narrow gap, especially when the spacer
thickness is smaller than 400 ym. In an actual apparatus, placing the thin spacer on the
plate and then taking it out of plate would be extremely difficult because it is likely to
be crocked, subsequently making the experimental data unstable. Therefore, the
ANSYS model is used to predict the wafer surface temperature and CD shift, when a

particle makes the wafer tilt gap below 400 um.
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4.2 Analysis of wafer thickness

The thickness of three-type photoresists need to be determined. First, I-Line
photoresist coating is normally thicker than DUV. I-Line uses Ar89 photoresist with a
thickness at 12500A. DUV248 uses SEPR203 with a thickness at 8000A. DUV193
uses G48 with a thickness at 3000A. The measuring points are recombined with the
alignment of the wafer tilt direction, which is more convenient than the profit
difference.

(1) For the XY position of the first wafer and the thickness value, the thickness

value is inserted according to the actual position of the wafer;

(2) The maximum and minimum thicknesses are obtained and the relative position

is confirmed as most remotely as possible, which is the wafer tilt direction;

(3) Measurement data is arranged from left to right deviation and from light to

loud to arrange, as shown in Figure 4.19.
(4) Thickness data translation is performed at 12000 A, by inserting from a

minimum to maximum order of 1~25 materials, as shown in Figure 4.19.

X Y Thickness
0 0] 12806A35|2,0mm
3.21E-06 42.5 12664.66
-30.052 30.052 126853
-42.5 6.42E-06 12780.12
-30.052  -30.052 12863.82
S.07E-07 -42.5 12889.04
30.052  -30.052 12878.96
42.5 -1.28E-05 12839.82
30.052  30.052 12746.24
6.42E-06 85 12447.62 12660
-32.5281 785298 12440.16
-60.1041  60.1041  12535.3 12756
-78.5298  32.5281 12660.43
-85 1.28E-05 12755.66 12824
-78.5298 -32.5281 12824.18
-60.1041 -60.1041 12874.71
-32.5281 -78.5298 12899.39
1.01E-06 -85 12897.72
32,5281 -78.5298 12860.52
60.1041 -60.1041 12878.12
78.5298 -32.5281 12876.79
85 -2.57E-05 12841.81 -85 -78 -60 -42 -30 0 30 42 60 78 85
78.5298  32.5281 12783.38 X (mm)
60.1041  60.1041 12686.53
32.5281 785297 12559.01

85
78
60
42
12783 30

12842 0 Y(mm)

12877 -30
-42
-60
78
-85

Figure 4.19 25 Positions of photoresist thickness measurement
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(5) According to reference data for all wafers data up to 12000A, thickness
specifications of the I-line photoresist range from 12000A to 12250A, as
shown in Figure 4.20;

(6) For wafers #1, #2, #3 and #4 with a wafer tilt gap of 0 mm, their thicknesses
range from 12000 A to 12050 A, with good uniformity;

(7) For wafers #5, #6, #7 and #8 with a wafer tilt gap of 0.5 mm, their thicknesses
range from 12000 A to 12240 A, in which the uniformity is worse but all
within the range of designed specifications;

(8) For wafers #9 and #10 with a wafer tilt gap of 1.0 mm, their thicknesses range
from 12000 A to 12360 A, which 50% of which is beyond the scope of
designed specifications;

(9) For wafer #11 with a wafer tilt gap of 1.5 mm, the thickness ranges from
12000 A to 12400 A, which are all beyond the scope of designed
specifications;

(10) For wafer #12 with a wafer tilt gap of 2.0 mm, the thickness ranges from
12000 A to 12450 A, which is totally out of specifications; and

(11) For wafers #13 and #14 with a wafer tilt gap of 2.5 mm, their thicknesses

ranges from 12000 A to 13097 A, which are totally out of specifications.

4.2.1 I-Line photoresist thickness

Hi-thickness (12000A) I-Line365 nm Ar89 photoresist is studied first. In the I-Line
photoresist, when tilt range is within 0.5 mm, the thickness difference range is within
specifications 250 A. If the tilt increases to 1.0 mm, the thickness difference range

increases above 250 A, which is out of specifications, as shown in Figure 4.20.
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Figure 4.20 I-line photoresist thickness of wafer tilt gap from 0 to 2.5 mm

78




4.2.2 DUV 248 nm photoresist thickness
The second photoresist type is the intermediate thickness (8000A) DUV248 nm
SEPR203 photoresist. In the DUV photoresist, when the tilt range is within 0.1 mm,
the thickness difference range is within specifications of 80 A. If the tilt increases to
0.6 mm, the thickness difference range increases to 80~95A; which is still within
specifications (100A). When the tilt increases to 0.6 mm, the thickness difference
range increases above 100 A, which is out of specifications, as shown in Figure 4.21.
(1) According to reference data for all wafers up to 8000A, the photoresist
thickness specifications range from 8000A to 8100A, as shown in Figure 4.21.
(2) For wafers #1~#10 with a wafer tilt gap of 0 mm, their thicknesses range from
8000 A to 8050 A with good uniformity;
(3) For wafers #11, #12 and #13 with a wafer tilt gap of 0.1 mm, their thicknesses
range from 8000 A to 8070 A, which are all within specifications;
(4) For wafers #14 and #15 with a wafer tilt gap of 0.5 mm, their thicknesses
range from 8000 A to 8086 A, which are all within specifications;
(5) For wafer #16 with a wafer tilt gap of 1.0 mm, their thicknesses range from
8000 A to 8090 A, which are all within specifications;
(6) For wafer #17 with a wafer tilt gap of 1.5 mm, their thicknesses range from
8000 A to 8109 A, which are partially out of specifications;
(7) For wafer #18 with a wafer tilt gap of 2.0 mm, their thicknesses range from
8000 A to 8230 A, which are partially out of specifications; and
(8) For wafer #19 with a wafer tilt gap of 2.5 mm, their thicknesses range from
8000 A to 8235 A, which are totally out of specifications.
According to our results, SEPR203 photoresist only slightly affects the thickness due

to the wide specifications, which did not consider photoresist thickness.
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Figure 4.21 SEPR203 PR thickness of wafer tilt gap form 0 mm to 2.5 mm
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4.2.3 DUV193 nm photoresist thickness
The third photoresist type is thin thickness (3000A) DUV193 nm G48 photoresist.
In the G48 photoresist, when the tilt range is within 0.5 mm, the thickness difference,
which has a range of about 20 A, is within specifications of 50 A. If the tilt increases
to 0.6 mm, the thickness difference range increases to 30 A. The uniformity is slightly
poor but still within a specification range designed at 50 A. When the tilt increases to
2.0 mm, the thickness difference range increases above 80 A, which is out of
specifications, as shown in Figure 4.22.
(1) According to reference data for all wafers up to 3000A, the thickness
specifications of DUV 193 photoresist are from 3000A to 3050A;
(2) For wafers #1, #2 and #3 with a wafer tilt gap of 0 mm, their thicknesses range
from 3000 A to 3025 A, with a good uniformity;
(3) For wafers #4 and #5 with a wafer tilt gap of 0.5 mm, their thicknesses range
from 3000 A to 3030 A, with a good uniformity;
(4) For wafer #6 with a wafer tilt gap of 1.0 mm, their thicknesses range from
3000 A to 3048 A, which are within specifications;
(5) For wafer #7 with a wafer tilt gap of 2.0 mm, their thicknesses range from
3000 A to 3075 A, which are partially out of specifications; and
(6) For wafer #8 with a wafer tilt gap of 2.5 mm, their thicknesses range from
3000 A to 3085 A, which are partially out of specifications.
According to our results, G48 photoresist only slightly affects the thickness due to the

wide specification, which does not consider the photoresist thickness.
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Figure 4.22 G48 photoresist thickness of wafer tilt gap form 0 mm to 2.5 mm
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Closely examining different materials for the three photoresist types reveals that a
greater wafer tilt implies a larger difference in the thickness range. As is roughly
estimated, thickness influences a wafer tilt, with a greater thickness influencing the

wafer tilts even more. However, this behavior still has not been verified.

—B—I-Line PR =#A=DUV248nm PR ——DUV193nm PR ‘

400.00

00.00 r
Thickness

Shift (A)200.00 N

100.00 -

0.00

Gap (mm)

Figure 4.23 Compare three PRs thickness
The thickness factor in Figure 4.23 is obtained once again, and the range and
thickness rate are used for analysis. The obvious I-Line is found to be greater than

DUV193 and DUV248, as shown in Figure 4.24.
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Figure 4.24 Compare three PRs thickness shift rate
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4.3 Critical dimension analysis

4.3.1 CD analysis of I-line PR

The I-Line 0.35um photoresist specification is 250 A, as the wafer tilt is smaller
than the situation of 0.1 mm. It does not significantly affect CD, nor causes it to be
out of specification, as shown in Figure 4.25. Since the CD specifications of the
I-Line photoresist are relatively wide, tolerance for the wafer tilt is relatively high
such that its influence on an extremely small CD should not be of concern.

(1) For wafers #1~#5 with a wafer tilt gap of 0 mm, the line CDs range from 2850
A to 3123 A, which are in specification with a good uniformity;

(2) For wafers #6~#8 with a wafer tilt gap of 0.5 mm, the line CDs range from
2850 A to 3251A, in which the uniformity is slightly poor but can still be up to
specifications requirements;

(3) For wafers #9 and #10 with a wafer tilt gap of 1.0 mm, the line CDs range
from 2850 A to 3320 A, in which the uniformity is worse and goes beyond the
specifications requirements;

(4) For wafer #11 with a wafer tilt gap of 2.0 mm, the line CDs range from 2850
A to 3426 A, in which one point is out of specifications; and

(5) For wafer #12 with a wafer tilt gap of 2.5 mm, the line CDs range from 2850

A to 3601 A, in which 6 points are out of specifications.
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Figure 4.25 I-line photoresist CD impact of wafer tilt gap form 0 to 2.5 mm
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Figure 4.26 I-line photoresist CD impact of wafer tilt gap 2.5 mm
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4.3.2 CD analysis of DUV248 nm SEPR203 photoresist

DUV 248 nm SEPR203 photoresist specification is 2925 A ~3075 A, as wafer tilt
is smaller than the condition of 0.3 mm. Such a condition neither affects CD
significantly, nor causes it to be out of specification as shown in Figure 4.27.

(1) For wafers #1~#4 with a wafer tilt gap of 0 mm, the line CDs range from 2950
A to 3025 A, which are in specification with a good uniformity;

(2) For wafers #5~#12 with a wafer tilt gap of 0.5 mm, the line CDs range from
2950 A to 3090A, which are some points out of specifications;

(3) For wafers #13 and #14 with a wafer tilt gap of 1.0 mm, the line CDs range
from 2950 A to 3150 A, in which one point is out of specifications;

(4) For wafer #15 with a wafer tilt gap of 2.0 mm, the line CDs range from 2950
A to 3175A, in which all points are out of specifications; and

(5) For wafer #16 with a wafer tilt gap of 2.5 mm, the line CDs range from 2950
A to 3180A, in which all points are out of specifications.

When the wafer tilt is greater than 0.1 mm, CD goes beyond specifications 50 A.
A situation in which all CD values are above the target, may be owing to that the PB
photoresist does not harden sufficiently. When the making has a slight drift
phenomenon in the film of photoresist, this drift phenomenon becomes more violent
and the PEB hot energy causes the H' to move more violently, as shown in Figure

4.27.
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Figure 4.27 SEPR203 photoresist PB CD impact of wafer tilt gap 0 to 2.5 mm
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The micro flow phenomenon in a photoresist film is attributed to a situation in
which photoresist PB hardens insufficiently; after exposure, the micro flow still exists.
It causes the exposed area and unexposed area interface to mix together, Due to the
proton sour H' micro flow, a slight drift in position occurs and heat energy is
generated for the next PEB process. As for the rapid micro flow phenomenon, in
which the micro flow does not run in a certain direction, although H" inside the micro
flow does not influence CD, but H" of the outward micro flow causes CD to expand at

about 13 nm, as shown in Figure 4.28.
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Figure 4.28 SEPR203 PB Wafer tilt, hole image
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The DUV 248 nm SEPR203 photoresist SEM CD measurement, there are 9 points
uniformity measure as shown in Figure 4.29.

(1) For wafer #1 with a wafer tilt gap of 0 mm, the line CDs range from 2955 A
3035 A, which are in specifications with a good uniformity;

(2) For wafers #2 and #3 with a wafer tilt gap of 0.5 mm, the line CDs range from
2939 A to 3048A, which are in specifications;

(3) For wafer #4 with a wafer tilt gap of 1.0 mm, the line CDs range from 2906 A
to 2911 A, which are partially out of specifications;

(4) For wafer #5 with a wafer tilt gap of 1.5 mm, the line CDs range from 2892 A
to 3037A, which are partially out of specifications;

(5) For wafer #6 with a wafer tilt gap of 2.0 mm, the line CDs range from 2879 A
to 3174A, which are partially out of specifications; and

(6) For wafer #7 with a wafer tilt gap of 2.5 mm, the line CDs range from 2838 A
to 3122A, which are partially out of specifications.

When the wafer tilt is greater than 0.1 mm and the CD goes beyond specifications
+50A, all CDs can be distributed in a wide range. Targeted distribution from the start
leads to a situation under the target, i.e. an insufficient phenomenon caused by heat
energy. Excessive heat energy causes over targeting, as plate AT does not drop as

expected, as shown in Figure 4.29.
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Figure 4.29 SEPR203 photoresist PEB CD impact of wafer tilt gap 0 to 2.5 mm
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When PEB is insufficient, CD of 2879 A is lower than target 3000 A, with a
difference of 121 A because proton H' must have sufficient heat energy to proceed
with the chain reaction. The contact area between a wafer and plate is relatively small.
A situation in which the area is not large to consume heat causes a high temperature
and excessive baking. Such conditions lead to proton acid H' with an excessive
amount of heat energy to proceed with the chain reaction, causing CD to lean towards

it. In addition, it is higher than target 100 A, as shown in Figure 4.30.

8100 e

Figure 4.30 SEPR203 photoresist PEB wafer tilt hole image
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4.3.3 DUV193 nm G48 photoresist CD

According to Table 4.3, this photoresist is more sensitive to CD, because many
samples do not show a pattern. Because the feature size is reduced to 1000 A, the line
distance increases and reaches 1200 A when it’s at 0.1 mm tilt. Restated, the line is
wide and leaves only 800A. The estimated wafer tilt line might be reach 400A at a
distance of 0.6 mm in advance. Absorbing the insufficient area between the wafer and
photoresist can lead to bursting and complete dissolution of the developer when no
pattern is available.

Table 4.3 G48 photoresist PB Spacer CD impact of wafer tilt gap 0 to 0.1 mm

PB wafer SEM Spacer CD measuring (A ) DUV193nm G48 PR Spacer CD impact (A )
tilt Pos 1| Pos2 | Pos3 | Pos4 | Pos5 | Pos6 | Pos7 | Pos 8 | Pos9 AVERAGH Max | Min |Max—Min| Decrease| Average
2.0 mm * * * 4 * * * * * "*" Have no pattern
1.0 mm * * * * * * N B * """ Have no pattern
0.5 mm * * * * * £ * * * "*" Have no pattern
0.5 mm * * * * * * * & * "*" Have no pattern

O.lmm | 1086 | 1082 | 988 [ 1068 | 1112 | 1090 | 1038 | 1065 [ 1195 | 1080.4 | 1195 [ 988 [ 207 80.4
O.lmm | 1003 | 1022 | 1153 | 1066 | 1052 | 959 [ 1033 | 1134 | 1082 | 1056.0 | 1153 [ 959 | 194 56.0 |68.22222
0 mm 1011 | 1046 | 998 | 1058 | 1048 | 1042 | 1074 | 978 | 1042 | 1033.0 [ 1074 | 978 ) 33.0
0 mm 075 | 966 | 944 | 921 | 929 | 970 | 971 | 943 | 975 954.9 975 | 921 54 -45.1 |-6.05556

Spacer width increases by 68A when the wafer tilt is 0.1 mm, as shown in Table
4.4. The situation contrast with pre bake, which does not have a pattern due to its
relatively lower amount of measurement data. Since 900A leaves a 0.6 mm tilt from
the line distance, the line must be sufficiently wide to contain 1100 A to ensure a
remaining pattern. Notably, the 1.0 mm tilt of the proton acid H" on the wafer tilt 1.0
mm has too low of a heat energy to carry out the chain reaction. Additionally, with the
insufficient solubility, the entire process can not be dissolved by the developer,
resulting in a pattern-less situation.

Table 4.4 G48 photoresist PEB Spacer CD impact of wafer tilt gap 0 to 0.5 mm

PEB wafer SEM Spacer CD measuring ( A ) DUV193nm G48 PR Spacer CD impact (A)
tilt gap(mm)| Pos 1 [ Pos 2| Pos 3 [ Pos 4] Pos 5] Pos 6 [ Pos 7] Pos 8 | Pos 9 [AVERAGH Max | Min [Max-MinIncrease]Averagd
2.0 mm * * * * * * * * * "*" Have no pattern
1.0 mm * * * * * * * * * "*" Have no pattern

0.5 mm 934 [ 944 | 897 | 924 | 1049 ) 936 | 846 [ 753 | 944 | 914.1 |1049| 753 206 | -859
0.5 mm 830 | 866 | 719 | 862 | 922 | 1031 | 871 | 829 | 871 866.8 | 1031 719 312 | -133.2 | -109.6
0.1 mm 959 [ 983 | 955 | 907 | 955 ] 1000 | 970 [ 947 | 951 | 958.6 | 1000| 907 93 -41.4
0.1 mm 939 [ 897 | 931 | 924 | 875 | 937 | 857 [ 966 | 1022 | 927.6 |1022| 857 165 | -724 | -56.9
0 mm 1003 | 1039 | 969 | 981 | 974 | 1029 | 1016 [ 988 | 989 | 998.7 |1039| 969 70 -1.3
0 mm 1015 [ 986 | 971 | 956 | 957 | 961 | 974 [ 990 | 989 | 971.7 |1015| 956 59 223 | -11.8
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The three photoresists are compared. The bake impact on CD, although slightly
influenced by the I-Line, is not considered due to the loose specifications with wide
window. Irrespective of the DUV photoresist type, i.e. 248 or 193, its influence by PB
is greater than that by PEB. DUV193 G48 photoresist greater than 248 nm SEPR203
photoresist is taken to bake for the sensitivity of the bake progress again. Actually, the
DUV photoresist contains no fixed direction in the proton acid H movement.
However, in PB, proton sour H" moves outwards due to the immature PB
solidification, subsequently leading to swelling of the CD. The insufficient PEB
energy results in a proton sour H' during the interface place, insufficient chain
reaction and diminished CDs, thus causing PB and PEB to impact CD of DUV

photoresist moving in the opposite direction, as shown in Figure 4.31.

500 - ——1-Line PR
400 - —A— DUV 248
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—A— DUV 248
cp 200 PR(PEB)
Shift ——
) DUV 193 PR
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0 =®=DUV 193 PR
(PEB)
-100
2200

Wafer Tilt Gap (mm)

Figure 4.31 Compare three kinds of PR, bake impact on CD
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4.4 Extremely narrow gap simulation

4.4.1 Particle on wafer backside simulation

A situation for a real apparatus in which the spacer thickness is less than 400 um,
makes it extremely difficult to put on and take out the plate, because a thin spacer is
likely to be crocked, making the experiment data unstable. This model assumes that
the particle is in the center of the wafer backside. For 0.1 mm, 0.2 mm, 0.3 mm, 0.4

mm, and 0.5 mm particles at the backside center of wafer, the surface temperature

declines from 120 C to 110.65~91.9 ‘C, as shown in Figure 4.32.
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NODAL SOLUTION

Figure 4.32 Simulation particle in wafer backside centre, particle size from 0.1

Figure 4.33 summarizes the effect of PB wafer backside particle on the CD, in

which the

Meanwhile, the PEB wafer backside particle impacts then CD, of which the DUV193
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DUV193 nm photoresist is greater than the DUV248 nm photoresist.

nm photoresist is the same as DUV248 nm photoresist.
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The above model assumes that the 0.1 mm particle is in the upper position of the
wafer backside, in which the wafer surface temperature decrease from 120°C to
110.72°C. When the 0.2 mm particle is in the right handed position of the wafer
backside, the wafer surface temperature declines from 120°C to 104.73°C. When the
0.3 mm particle is in the left handed position of the wafer backside, the wafer surface
temperature decreases from 120°C to 100.47°C. However, the 0.4 mm particle is in
the upper position of the wafer backside, in which the wafer surface temperature
declines from 120°C to 95.49°C, Meanwhile, the 0.5 mm particle is in the lower
position of the wafer backside, in which the wafer surface temperature decreases from

120°C to 91.3°C, as shown in Figure 4.34.
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Figure 4.34 Simulation particle in wafer backside edge, particle size from 0.1 mm

According to Figure 4.35 for the PB wafer backside particle that influences the CD,
DUV 193 nm photoresist is greater than DUV248 nm photoresist. Additionally, for the

PEB wafer backside particle that impacts the CD, DUV 193 nm photoresist is the same
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Figure 4.35 Compare DUV 193 and 248 photoresist CD shift of particle in wafer

Table 4

photoresist CD shift. In DUV248 nm photoresist, PB influences CD shift 0.34 nm per

backside edge

.5 shows the wafer temperature on the simulation surface to calculate the

C, in PEB influences CD shift —0.22 nm per ‘C, In DUV 193 nm photoresist PB
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influences the CD shift 1.23 nm per “C, in which PEB influences the CD shift —0.39
nm per C.

Table 4.5 Compare DUV center and edge 193 and 248 photoresist CD shift

Wafer Particle | Wafer sufface Platel20°C s 2‘.‘8nm R DLy 19~3nm =

backside | .. . wafer Temp| _ CD shift (nm) CD shift (nm)
. Size Gap| Minimum |. .

par‘Flf:le (mm) |Temperature®C insufficient PB PEB PB PEB
Position (C) 0.34 -0.22 1.23 -0.39

0.1 110.65 9.35 3.179 -2.057 | 11.5005 | -3.6465

0.2 104.9 15.1 5.134 -3.322 18.573 -5.889

Center 0.3 101.31 18.69 6.3546 | -4.1118 | 22.9887 | -7.2891

0.4 96.64 23.36 7.9424 | -5.1392 | 28.7328 | -9.1104

0.5 91.9 28.1 9.554 -6.182 | 34.563 | -10.959

Up 0.1 110.72 9.28 3.1552 | -2.0416 | 11.4144 | -3.6192

Right 0.2 104.73 15.27 5.1918 | -3.3594 | 18.7821 | -5.9553

Left 0.3 100.47 19.53 6.6402 | -4.2966 | 24.0219 | -7.6167

Up 0.4 95.49 24.51 8.3334 | -5.3922 | 30.1473 | -9.5589

Down 0.5 91.3 28.7 9.758 -6.314 | 35.301 | -11.193

4.4.2 Pollution during the wafer backside simulation

Pollution that occurs on the wafer backside is simulated to examine the
ring-pattern pollution on the wafer backside. Owing to the lack of an effective means
of coating a ring pattern on the wafer backside experimentally, simulation is
performed to predict the 60 pm pollution on the wafer backside at the backside center
when the wafer surface temperature declines from 120 C to 118.5 °C, Estimates are
also made of 70 ym pollution on the wafer backside at backside center when the wafer
surface temperature decreases from 120 C to 116.4 °C. Additionally, estimates are
made to predict 80 pym pollution on the wafer backside at backside center when the
wafer surface temperature declines from 120 “C to 114.6 ‘C. Moreover, estimates are
made to predict 90 pym pollution on the wafer backside at the backside center when
the wafer surface temperature decreases from 120 ‘C to 109.2 °C. Furthermore,
estimates are made to predict the 100 um pollution on the wafer backside at the
backside center when the wafer surface temperature declines from 120 °C to 106.4 C,

as shown in Figure 4.36-37.
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Table 4.6 summarizes the model predictions, in which DUV 248 nm photoresist
simulation is performed for 60 um pollution on the PB wafer backside CD shift of
0.51 nm, on the PEB wafer backside CD shift —0.33 nm. DUV 193 nm photoresist
simulation is performed for 100 um pollution on the PB wafer backside CD shift
16.72 nm, on the PEB wafer backside CD shift —5.30 nm.
Table 4.6 Simulation predict 60 pm~100 pm pollutioin film at the wafer backside

center photoresist CDs shift

Hution pollution Water ol Plate120°C |_PUV 248nm PR | DUV 193nm PR
POTILHON 1 4 ckness .. wafer Temp|  CD shift (nm) CD shift (nm)
on wafer Minimum |, )

) Gap -~ | insufficient PB PEB PB PEB

back side Temperature C .
(mm) (C) 034 | 022 1.23 -0.39
Ring-1 0.06 118.5 1.5 0.51 -0.33 1.845 -0.585
Ring-2 0.07 116.4 3.6 1.224 -0.792 4.428 -1.404
Ring-3 0.08 114.6 5.4 1.836 -1.188 6.642 -2.106
Ring-4 0.09 109.2 10.8 3.672 -2.376 13.284 | -4.212
Ring-5 0.1 106.4 13.6 4.624 -2.992 16.728 | -5.304
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Table 4.7 This experimental data materials summary

f waft lat
Gap of wafer and plate 0 05 | L5 5 )5

(mm)

AT plate drops
1.3 0.8 0.6 0.5 0.4 0.1

temperature (°C)

Hot Plate Simulation plate

120°C drop AT (C) 125 | 085 | 06 | 055 | 0.5 0.1

Wafer surface temperature

5.11 | 27.51 | 32.59 | 34.09 | 35.61 | 37.74
drop (C)

Simulation Wafi f:
IITATION WAET SISl 4 1055 | 31 | 339 | 369 | 38
temperature drop (C)

Thick 12000~122
ickness 12000~12250, 25 | 175 | 350 | 400 | 450 | 6796

Shift (A)
I-Line PR
CD spec 3500~3900,
g 200 | 350 | 420 | 480 | 540 | 820
Shift (A)
Thickness 8000~8100
130 | 70 | 105 | 115 | 125 | 135
248 nm Shift (A)
DUVPR PB Wafer Tilt
CD Spec W 25 | 94 | 126 | 152 | 179 | 187
CD Shift (A)
2925~3075
(A) PEB W 40 | 61 | 96 | 108 | 121 | 162
CD Shift (A)

PR Thickness spec

20 | 28 | 48 | 615 75 | 85
193nm | 3000~3050, shift (A)

DUV PR .
PB Wafer Tilt no no no no
CD Spec CD Shift (A) 50 340 tt tt tt tt
attern | pattern | pattern | pattern
950~1050 : patier | peftem | patem | P
PEB Wafer Tilt no no no no
&) | 25 | -109
CD Shift (A) pattern | pattern | pattern | pattern
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Table 4.7 shows the DUV 248 nm photoresist prebake plate and a wafer tilt gap of
0.5 mm, in which the wafer surface temperature declines to 27.51°C ; the CD shifts 9.4
nm; the DUV 248 nm photoresist post exposed bake plate and a wafer tilt gap of 0.5
mm, in which the wafer surface temperature decrease to 27.51°C the CD shift —6.1 nm.
Calculations are made of how the pre bake wafer surface temperature impacts the
DUV 248 nm photoresist CD shift 9.4 nm in 27.5°C. Therefore, for each C shift 0.34
nm (0.34 nm per C), the PEB wafer surface temperature impacts the DUV 248 nm
photoresist CD shift —6.1 nm/27.5°C, —0.22 nm per “C. Calculations are made of how
pre bake wafer surface temperature impacts the DUV 193 nm photoresist CD shift 34
nm/27.5°C, 1.23 nm per ‘C. Moreover, the PEB wafer surface temperature impacts the

DUV193 nm photoresist CD shift 10.9 nm/27.5°C, —0.39 nm per C.
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Chapter S Conclusion

The plate AT provides bake condition impact on CD, and workable simplify judge
abnormal bakes of wafer. Thickness influence I-Line greater than DUV193 and
DUV248. The I-line CD will not be considered due to the wide specification. DUV
PR, 248 or 193 PB influences will be greater than PEB. PB and PEB impact on CD
DUV193 G48 photoresist greater than 248 nm SEPR203 PR. PB and PEB impact on
CD in the opposite direction.

The wafer surface temperature impact on DUV248 nm PR, at PB CD shift 0.34 nm
per C, at PEB CD shift —0.22 nm per ‘C. The wafer surface temperature impact on
DUV193 nm PR, at PB CD shift 1.23 nm per ‘C, at PEB CD shift —0.39 nm per C.

In addition, a three-dimensional finite-element model using commercial software,
ANSYS™ was employed to examine the wafer surface temperature of various
hardware and contact gap conditions. Compare surface temperature of the real wafer
with simulated wafer surface with a marginal error of +2°C . Wafer and instantaneous
plate-plate contact temperature drop AT, actual plate temperature drop AT and AT data
difference are predicted to reach below +0.2°C.

This ANSYS model simulated very narrow gap especially when the spacer
thickness smaller than 400 um. In the real apparatus is too difficult to put on the plate
and take out of plate, in such thin spacer is likely to be crocked and make the
experiment data unstable. So use this model predict wafer surface temperature and
CD shift, when a particle make wafer tilt gap under 400 ym. Use this model predict
100 ym particle on PB plate the wafer surface temperature drop from 120 C to
110.65 “C and the CD shift about 3.179~11.5 nm, particle on PEB plate the CD shift
about —2.05~-3.64 nm.

Also, ANSYS can be used to simulate a ring pattern pollution on wafer backside,

104



because there is no good method to do a ring pattern coating at wafer backside for
experiment. Used this model to predict that 100 um pollution on wafer backside at
backside center of PB wafer surface temperature drop from 120 ‘C to 106.4 C and
the via CD shift from 4.624 to 16.72 nm, at PEB the via CD shift from -2.992

to —5.304 nm.

105



[1]
[2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]

References

Scotten W. Jones, IC Knowledge LLC Photo Lithography, (2008).

Adam R. Pawloski, Alden Acheta, Bruno La Fontain, Scott Bell, Harry J.

Levinson, Lithographically Generated Line Edge Roughness in Photoresist,

January 13 (2005).
Paul D. Friedberg, Cherry Tang, Bhanwar Singh, Thomas Brueckner, Wolfram

Gr dke, Bern Schulz, Costas J. Spanos, Time-based PEB adjustment for

optimizing CD distributions, (2005).

wigid, wase , TRMLERS Fl&rec f H{ , , T EMPH IS 2

P48-52 , July (2005).
Bryan Rice, Heidi Cao, Jeanette Roberts, Manish Chandhok Intel Corporation,

Effects of Processing Parameters on Line Edge Roughness (LER), 2 (2002).

Donald A. Neamen, Semiconductor Physics & Devices, (2003).

Bart Van Zeghbroeck, Principles of Semiconductor Devices, (2002).

Wen-Li Wu, Jim Leu, "Small angle x-ray scattering measurements of
lithographic patterns with sidewall roughness from vertical standing waves",

American Institute of Physics, 1 (2007).

International Technology Working Group (ITWG), "Lithography", International

Technology Roadmap for Semiconductors 2007 edition, 20 (2007).

[10] Ko Fu-Hsiang, Wang Chung-Cheng, "Research on Lithographic In-line Process

Control from Scatterometry Measurements", &= < ~ &, 5L 34 <, (2009).

[11] Cymer Southeast Asia, Service manual, (2000).

[12] Komatsu, KLES-G10K 1k Hz KrF 10W Laser, (2001).

[13] Lambda Physic Company, Service manual, (2000).

106



[14] Harry J. Levinson, Principles of Lithography Second Edition, (2004).

[15] Will Conley, "International Sematech Universities 157nm Photoresist Research
Project", & #4844 3, 22, 1, (2001/8).

[16] % & 4, fif 48 % & @Az 47, 206 (2001).

[17] Michael Quirk, Julian Serda, Semiconductor Manufacturing Technology, 401

(2003).

[18] %~ 88, 3 ¥ - FH &, 18(2002).

[19] ¥ B¥&, i £ HYDROGEN BONDS, 258 (2005).

[20] Nixon Shen, & Ak e} F 5 4 %2, (2002).

[21] TOKYO OHKA KOGYO CO., LTD., Chemistry of Novolak-DNQ Based

Resists, (1994).

[22] ko3, %A, Fl&lh, 25, T 5 BF N 295 (2004).

[23] 5iE 4, VLSI 3% Hiis, 239 (2000).

[24] Robin Nagel, "Optical lithography", Technische Universitat Munchen, 12 Januar

(2009).

[25] Sean David Burns, B.S. Ch.E., "Understanding FundamentalMechanisms of
Photoresist Dissolution", The University of Texas at Austin, Doctor of
Philosophy, May (2003).

[26] Pavlos C. Tsiartas, Lewis W. Flanagin, Clifford L. Henderson, "The Mechanism

of Phenolic Polymer Dissolution", Macromolecules, 30, 4657, (1997).

[27] 45~ %, L F R i, (2004).

[28] Saburo Nonogaki, Takumi Ueno, Toshio Ito, "Chemistry of Photoresist
Materials", SPIE, 1262, 493 (1990).

[29] Hiroshi iTO, Greg BREYTA, Don HOFER, R. SOORiYAKUMARAN,
"ENVIRONMENTALLY STABLE CHEMICAL  AMPLIFICATION

POSITIVE RESIST", Journal of Photopolymer Science and Technology, 7, 448

107



(1994).
[30] Donald C. Hofer, Robert Allen, Greg Wallraff, Hiroshi Ito, Phil Brock and Rick
DiPietro, "193 nm Photoresist R&D The Risk & Challeng", Journal of

Photopolymer Science and Technology, 9, 387, (1996).

[31] Andrew Jamiesion, Mark Somervell, Hoang Vi Tran, Raymond Hung, Scott A,

"Top Surface Imaging at 157 nm", The University of Texas at Austin, 3 (2005).

[32] Saeed Moaveni, Finite Element Analysis Theory and Application with ANSYS,
(2007).

[33] 47 ¥ %, ANSYST *adff #4 1 24 47, (1997).

[34] %148 <, ULSI %42 4k, 283 (2003).

[35] £ & &, 3= F &, X S48 © 42 HL /i, 298 (2003).

[36] 5 5% 3, £ EA QW A2K &, 59 (2004).

[37] ASML Corporation, PAS5500 Service Manual, Aug (1995).

[38] HONG XIAO, Introduction to Semiconduction Manufacturing Technology, 113

(2002).

[39] Tokyo Electron Limited, Clean Track ACT8, Mark8 Manual, (1999).

[40] Therma-wave Inc, Opti-Probe Getting Started Manual, TFMS3.00, June(1997).

[41] Hitachi High-Technologies Corporation, CD Measurement SEM, (2001).

[42] SensArray, Thermal MAP3 User Manual, (1998).

[43] Atmel Corporation, 8-bit Microcontroller with 4k Bytes In-System

Programmable Flash AT89S51, (2001).

108



	摘要
	Contents
	List of Tables
	List of Figures
	Chapter 2 Literature review
	Chapter 3 Experimental Methods
	Chapter 4 Results and Discussion
	Chapter 5 Conclusion
	References





