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® Abstract (English)

A new reticle is designed that takes advantage of the high value of thermal
conductivity of diamond to add a layer of diamond film to the bottom of
traditional pellicle-reticle; that is, the new reticle replaces the pellicle with a
diamond material. This method may help maintain the future manufacturing
process of photo-lithography below 35 nm and can improve the problem of
slightly out of shape reticle caused by the long-term effects of light and thermal
energy. Exposure dose is one of the most important factors that affects CD
(Critical Dimension) bar since it‘can change.the dimension of line-width and
white wall. In this work, beth line-width and -white wall present a linear
relationship ( R*>0.85) with respect to the e xpasure dose. However, too high or
too low of exposure dose would impose the instability of line-width. The reason
for exposure dose to affect CD bar is that when absorbing high energy the
photo-resist (PR) can produce more severely neutralized reaction as it in
contact with developer. Therefore, the higher the e xposure dose the smaller is
the line-width. Also, CD bar would reveal inhomogeneous phenomenon
caused by absorbing high energy via the edge of PR. Due to this reason,
increasing the exposure dose intentionally is not an appropriate method to

obtain a smaller CD bar. When it comes to using exposure energy to obtain the



desirable CD, PR capable of being exposed with higher energy should be
considered. If it becomes necessary to obtain much smaller line width, then it
is necessary to use PR of better resolution in conjunction with a light source
containing a much lower wavelength. But, higher exposure dose would cause
the bottom of PR to absorb more reflective energy and make white wall
become smaller. On the contrary, if e xposure dose becomes too low, PR would
not form a pattern due to the fact that the absorption of exposure energy by PR
is not strong enough to produce a neutralized reaction when in contact with

TMAH (Tetramethylammonium Hydroxide).
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Chapter 1

Introduction

The fabrication of various solid state devices requires the use of planar

substrates, or semiconductor wafers, on which integrated circuits are

fabricated. The final number, or yield, of functional integrated circuits on a

wafer at the end of the IC fabrication process is of utmost importance to

semiconductor manufacturers, and increasing the yield of circuits on the wafer

is the main goal of semiconductor fabrication. After packaging, the circuits on

the wafers are tested, wherein nen-functional.dies are marked using an inking

process and the functional dies on the wafer are separated and sold. IC

fabricators increase the yield.of dies on a wafer by exploiting economies of

scale. Over 1000 dies may be formed on a single wafer which measures

from six to twelve inches in diameter.

The issue of how to transfer a pattern onto a wafer during photolithography

is very important. Normally, the resist is treated as a patterntransferring

medium. Such a medium should have a very smooth surface to reduce the

focus error. In this experiment, spin coating is used. The velocity of the center

differs from that of the outer edges of a rotating disk, so a perfectly smooth

surface cannot be obtained. Therefore, resist temperature, cooling



temperature, heating temperature, cup temperature, cup humidity and exhaust

pressure were controlled to eliminate this imperfection to yield an acceptable

error. A lower cooling temperature yields a thicker center, such that the surface

of the wafer protrudes at the center. A lower cooling temperature also

corresponds to a thicker center, with the same effect. The cup temperature

was set to the cooling temperature so that thickness distribution would be the

same as. A higher heating temperature yields a thinner photo resist. Higher the

humidity yields a thinner photo resist.

Resist is a photo-sensitive material. If 'exposed to common white light, a

chemical reaction occurs and'photolithography cannot be performed. The

photolithography process is like the"development of a photographic film in that

it must be performed in a darkroom. The photolithographic process is further

limited since a yellow light source does not promote the resist to react

chemically. Accordingly, photolithography should be performed in an

environment with a yellow light source. The commonly used light sources in

the stepper include the G-line, the -line and DUV (deep ultraviolet). The G-line

wavelength is ~436nm, the I-line ?=350~450nm, and DUV ?=100~300nm. The

wavelength of the I-line changes according to the internal composition and gas

pressure of the mercury arc lamp used, varying within 350~450nm. This study



employs a superior UV lamp produced by Ushio Inc., which has a? of 350nm.

DUV wavelengths differ according to the laser gas composition: KrF ?=248nm,

ArF ?=193nm and F, ?=157nm. In this work , the DUV stepper’s laser light

source, KrF ?=248nm, was used.

Photolithographic experiments depend on several kinds of measurement

instruments. Moreover, the optical process involved is complex. The main aim

is to reduce the line-width and make the CD bar even more stable, which is

usually achieved by changing the light source. This research seeks to achieve

the same results without changing the light source . One method of

improvement involves the reticle’ s zoom ratio. However, a difference between

the reticle’s zoom ratio and this is*too large will cause the photolithographic

process not to be ideal. In these experiments, the compression ratio applied to

the pattern on the reticle and the wafer was 5:1. The compression ratio applied

to the DUV was the same as for the I-line.



Chapter 2
paper review

Recently, interest in the research and applications of diamond has
increased significantly due to the development of the Chemical Vapor
Deposition (CVD) technique for producing diamond films. Since diamond has
the highest thermal conductivity of all known substances, it has numerous
potential applications. However, this high thermal conductivity creates a
problem in measuring the thermal conductivity of diamond materials **.
Numerous techniques exist for./measuring the thermal conductivity of solid
materials *°. This study proposes a two_layer model based on the principle of
heat diffusion to determine the thermal conductivity for various CVD diamond
thin films based on the effective thermal diffusivity of a diamond film on a
silicon substrate measured by using a holographic interferometric technique .
The main sources of distortion for soft pellicle systems include temperature
changes and the attachment of curved frames to non-flat reticles, with the
latter being the inevitable consequence of the stressed chrome pattern®®.
According to the research by A. Mikkelson in 2001*, the reticle oxide layer
thickness may reach 20nm, adding 5nm to the wafer, if optical reducing ratio is

used.



Wafer throughput in micro-lithography depends on the sensitivity of the
resist film to radiation. A lower exposure time required to produce a latent

t'*. The focus affects

Image in the resist corresponds to a higher throughpu
line-width: a focus of Oy m yields the lowest line-width, the width increases
with the focus distance. Positive and negative foci yield symmetrical results *.
The primary factor that dominates the gradient of the exposure/line-width
relationship is the resist’s internal chemical composition™®.

Resist spin coating has been successfully modeled using a detailed
non-Newtonian analysis, which: allows ocal fluid viscosity to vary with
concentration and shear rate**.iThe cleavage of-a butylester is acid-catalyzed
and yields carboxcylic acid and isebutene after exposure to the PAC (Photo
Active Component) and PEB (Post-Exposure Back)*. When an acid generator
is present in a CAMP (Chemically Amplified) resist formulation, the mechanism
for producing a lithographic pattern is simple. The strong acid formed causes
deprotection at a relatively low temperature with an activation energy of around
11 to 14 kcal/mol*°.

Wafer throughput in micro-lithography depends on the sensitivity of the
resist film to radiation. A lower exposure time required to produce a latent

t17

Image in the resist corresponds to a higher throughput* . The designed by



Watanabe et al.'® showed that the focus margin for 0.3um lithography with a
KrF excimer stepper is £0.08um for DOF (Depth of Focus) of £0.5um. It is
possible for an ArF excimer laser stepper to achieve 0.13um lithography with a
DOF of £0.5um by using the recently developed technique of super resolution.
The wafer surface profile is structure of the device and has irregularities of 0.3
to 1um. As optical lithography will not reach the necessary resolution for future
demands in microengineering. Now lithographic techniques have to be ready
to produce nanostructures in a parallel way. Atoms with thermal kinetic
energies have de Broglie wavelengths in the:picometer regime and so they do
not suffer from diffraction when focused down to-a nanometer scale spot size.
In the last decade the investigation of atom light interaction has shown, that the
trajectories of neutral atoms can be efficiently manipulated with laser light and
that optical elements for neutral atoms can be built using the resonant

interaction with laser light * % .



Chapter 3

The traditional reticle level detects the method

= |ntroduction

In an apparatus for monitoring any deviation of a planar surface from its
desired position, a light source and a light detector are positioned so that when
the surface is at the desired position a beam of light projected by the light
source is reflected by the surface and fully registers on the light detector
causing the light detector to generate a peak eutput signal. When the surface
deviates from its desired position, the reflected-beam of light does not fully
register on the light detector, causing the light detector to generate less than

peak output signal.

= Summary of the reticle level detects the method

According to an embodiment of the present invention, depicted in Figure
3.1 is an optical level detector configured for monitoring whether a planar
surface has deviated from its desired position, represented by a reference
plane. Reference plane only represents a desired position for the planar

surface and does not represent a physical surface. Optical level detector is



positioned at a known distance X from the reference plane . The absolute

value of the distance X is not important but it is important that the distance X

be fixed and does not change once the optical level detector is set up.

Associated with the reference plane is an incidence axis and a reflection

axis . The incidence axis represents the path of an incident light beam from a

light source incident to the reference plane and defines a reference incidence

angle ?1 between the reference plane and the incidence axis. When a planar

surface is placed at the reference plane, the incidence beam will be reflected

by the planar surface and returned stowards the optical level detector as a

reflected beam. The reference reflection axis-represents the path of the

reflected light beam when the planar surface 'is placed at the position defined

by the reference plane, i.e. the desired position for the planar surface. The

reference reflection axis defines a reference reflection angle ?2, which is equal

to the incidence angle ?1, between the reference plane and the reference

reflection axis. Therefore, by positioning a light detector in line with the

reference reflection axis, one may detect whether the planar surface has

deviated from the reference plane.

In the embodiment of the present invention illustrated in Figure 3.1, the light

source is provided in the optical level detector for projecting a narrow beam of

8



light, the incidence beam, on to the planar surface. The light source is

preferably a laser or a light emitting diode but any other light source may be

adopted for this purpose. The light source projects the incidence beam along

its projection axis. In this embodiment of the present invention, the light

source is positioned such that the projection axis is coincident with the

incidence axis. Thus, the incidence beam propagates along the path defined

by the incidence axis and on to the planar surface. The incidence beam is

reflected by the planar surface and travels back to the optical level detector as

a reflected beam. The optical level detector.is provided with a light detector

for receiving this reflected beam:.

The light detector is positioned. with itsS viewing axis coincident with the

reference reflection axis so that when the planar surface is in its desired

position, the reflected light beam falls squarely on the light detector. The light

detector is preferably a device such as a photocell that converts the light

energy of the reflected beam into an electrical signal that can be readily

detected and monitored. The voltage level of a typical photocell’ s output signal

will vary proportionally with the intensity or the amount of light shone on the

photocell. Thus, when the reflected beam falls completely on the light detector

(i.e. fully registers with the light detector), the output signal of the light detector



will be at the peak voltage value possible with the reflected beam. If the

reflected beam falls on the light detector only partially (i.e. does not fully

register with the light detector), the output signal of the light detector will be at

some voltage value less than the peak value.

This ensures that when a planar surface is in its desired position, i.e. at the

position represented by the reference plane, the reflected beam will be

coincident with the viewing axis and the reflected beam will completely register

with the light detector. In this scenario, the output signal of the light detector

will exhibit a peak voltage value forsthesgiven planar surface and its light

reflecting characteristics. It should be-noted thatthe peak voltage value of the

light detector in this context does:not necessarily mean the absolute peak

voltage value that the light detector is capable of producing. It refers to the

peak voltage value that the light detector will produce in the given configuration

of the optical level detector.

If the planar surface deviates from its desired position, the reflected beam

will not be coincident with the reflection axis and, in turn, not coincident with

the viewing axis of the light detector. Thus the reflected beam will not

completely register with the light detector. Depending on the degree of the

deviation, the reflected beam could completely miss the light detector or only

10



partially register with the light detector. In either case, the resulting output

signal of the light detector will exhibit a voltage value that is less than the peak

value.

The exemplary configuration of Figure 3.1 represents the situation where

the planar surface is in its desired position. Thus, the angle of incidence for

the incidence beam with respect to the planar surface is same as the reference

incidence angle ?1. And, correspondingly, the angle of reflection for the

reflected beam with respect to the planar surface is same as the reference

reflection angle ?2.

Thus, the optical level detector of-the-present invention can be used to

determine whether a planar surfacehas deviated from its desired position,

represented by the reference plane by monitoring the output signal of the light

detector. The output signal can be monitored using any suitable circuits or

devices that can measure the voltage level of the output signal. Such circuits

or devices are well known to one of ordinary skill in the field and they need not

be discussed in detail here. Figures 3.2 and 3.3 illustrate some examples of a

number of different situations in which a planar surface may deviate from the

reference plane which can be detected by the optical level detector.

1



In Figure 3.2, the planar surface has deviated from the reference plane by

an angular translation represented by angle 3. The incidence beam will strike

the planar surface at an incidence angle al and the reflected beam leaves the

planar surface at a reflected angle a2. As illustrated, the resulting reflected

beam also has been angularly translated from the viewing axis of the light

detector by the angle 3. The reflected beam is not coincident with the viewing

axis and no longer registers with the light detector. The resulting output

signal of the light detector will be zero volts, signifying that the planar surface

has deviated from the reference plane. If the translation angle 3 is sufficiently

small, the reflected beam may: register partially with the light detector. The

output signal of the light detector,”then, will not be zero volts but it will be

something less than the peak value, still signifying that the planar surface has

deviated from the reference plane.

In Figure 3.3, the planar surface has deviated from the reference plane by a

linear translation represented by Y. The incidence beam will strike the planar

surface at an incidence angle al and the reflected beam leaves the planar

surface at a reflected angle a2. The planar surface is parallel to the reference

plane and the incidence angle al and the reflected angle a2 are same as the

reference incidence angle ?1 and the reference reflected angle ?2,

12



respectively. However, the reflected beam will be translated accordingly as

represented by Y’ and thus the reflected beam will not be coincident with the

viewing axis of the light detector. Again, the reflected beam will not fully

register with the light detector and the outp ut signal of the light detector will be

some value less than the peak value, signifying that the planar surface has

deviated from the reference plane.

In another embodiment of the present invention, the light source and the

light detector may be mounted in the optical level detector such that they are

not coincident with the projection axisjand the viewing axis, respectively, to

accommodate different mounting configurations:: For example, in Figure 3.4,

the light source and the light detector are-mounted in horizontal configuration,

but by employing reflectors and respectively, the incidence beam and the

reflected beam are made to travel along the desired paths. The reflectors may

be mirrors, prisms or other suitable reflectors. The light source and the light

detector may be configured in many different orientations as long as the

reflectors are used to direct the incidence beam and the reflected beam to

propagate along the desired paths.

In certain applications, a plurality of the optical level detector may be

utilized to monitor positions of a plurality of surface regions on a planar surface.

13



For example, as illustrated in Figure 3.5, a planar surface may have a surface

region A that is on the reference plane but the remainder of the planar surface

represented by surface region B may be deviated from the reference plane. If

one optical level detector was monitoring the surface region A, the planar

surface may seem as though it is on the reference plane. Thus, two or more

optical level detectors may be utilized to monitor a plurality of surface regions

on the planar surface to better detect any deviations from the reference plane.

The inventor has applied the optical level detector of the present invention in

such a manner in detecting out-of-level reticles (or photo lithographic masks)

during the photolithography processes in-semiconductor wafer manufacturing.

In one application, illustrated in. Figure ‘3.6, four optical level detectors

similar to the embodiments described herein may be mounted on a reticle

stage of a stepper tool. The reticle stage has a reticle holding well for holding

a reticle in place. Each of the four optical level detectors may be positioned

near each of the four corners of the reticle holding well, as identified by the

reference numbers. The optical level detectors are used to monitor whether

or not a reticle (not shown) placed on the reticle holding well is properly leveled.

Each of the four optical level detectors may be configured, for example, so that

their light detectors generate peak output signal values when the reticle is

14



properly leveled in the reticle holding well. The output signals of the light

detectors may be monitored individually. Alternatively, the optical level

detectors may be connected in series and monitor the btal voltage of the

output signals.

Figure 3.7 illustrates a sectional view of an optical level detector as

implemented by the inventor on the reticle stage according to another

embodiment of the present invention. The light source is attached to the

optical level detector by a light source holding plate. The light from the light

source passes through a pin hole in the-optical level detector and emerges as

the incidence beam. The incidence.beam is reflected by the planar surface

(representing a reticle surface) and:if the planar surface does not deviate from

the reference plane, the reflected beam will be coincident with the reference

reflection axis. In this example, the light detector is positioned in the optical

level detector in a configuration similar to that discussed in reference to Figure

3.4. The light detector is provided such that its viewing axis is horizontally

oriented and not coincident with the reference reflection axis. A reflector is

provided at an appropriate orientation so that when the planar surface is at the

desired location and does not deviate from the reference plane, the reflected

beam will be deflected towards the light detector and fully register with the light
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detector through the hole provided in the optical level detector. As with the

other embodiments of the present invention discussed herein, when the planar

surface deviates from the reference plane, the reflected beam will no longer be

in proper alignment with the reference reflection axis and the reflected beam

will not fully register with the light detector. By monitoring the electrical output

signal of the light detector, one can thus detect whether or not the planar

surface is at the desired location represented by the reference plane.

In the particular configuration implemented by the inventor, the optical level

detector is mounted on to the'reticlerstage by.a set of connecting hardware

that allows the height of the gptical level detector to be adjusted relative to the

reticle surface (the planar surface).The setof connecting hardware comprises

a vertically actuating guide bearing that allows the height of the optical level

detector to be adjusted and an L-bracket for attaching the whole assembly on

to the reticle stage. The guide bearing is a standard slide/bed type comprising

a slide and a bed. To adjust and control the height of the optical level detector

attached to the guide bearing, a worm gearing set up is used. The slide is

provided with wormgear teeth and a worm is situated in the bed. The worm has

a thumb screw to enable a human operator to adjust the height of the optical

level detector buy turning the thumb screw. These connecting hardware may
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be viewed in more detail in the exploded view of the assembly illustrated in

Figure 3.8. As discussed in reference to Figure 3.6, four of the optical level

detector may be installed near the four corners of the reticle holding well using

the connecting hardware described herein to verify that the reticle is properly

leveled in the reticle holding well before the stepper is operated. The

vertically actuating guide bearing may be of other types of guide bearing well

known in the art and not necessarily limited to the slide/bed type described

herein.

The use of the optical level'detectonofthe present invention has simplified

the stepper tool operator's task of verifying that:the reticle is properly level in

the reticle stage. While the foregoing invention has been described with

reference to the above embodiments, various modifications and changes can

be made without departing from the spirit of the invention. Accordingly, all

such modifications and changes are considered to be within the scope of the

appended claims.
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Chapter 4

The traditional thermal of slightly out of shape reticle detects the method

= |ntroduction

The present invention relates to reticles used in the formation of integrated

circuit (IC) patterns or dies on semiconductor wafer substrates. More

particularly, the present invention relates to a thermal detector which

determines whether a reticle is thermally distorted to an excessive degree prior

to exposure of a wafer through the reticle in photolithography.

= Summary of the reticle thermal detects the method

The present invention contemplates a novel reticle thermal detector which

is suitable for determining whether a reticle is distorted typically due to thermal

effects from an exposure light source in a stepper or scanner prior to exposure

of a semiconductor wafer through the reticle. The reticle thermal detector alerts

personnel to the distorted condition of a reticle as the reticle lies on a reticle

stage in a stepper or scanner preparatory to a photolithography process.

Therefore, the distorted reticle can be removed and a replacement reticle

placed on the reticle stage to ensure that a circuit pattern of high integrity is

transmitted from the reticle to a wafer with precision during photolithography.
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In one embodiment, the reticle thermal detector of the present invention is

an optical reticle thermal detector and includes a transmitter such as a laser

beam transmitter or a light-emitting diode, for example. A receiver is positioned

in spaced-apart relationship with respect to the transmitter, with the transmitter

and receiver located on opposite sides of a reticle stage in a stepper or

scanner. An alarm connected to the receiver receives an activation signal from

the receiver when the receiver fails to receive a beam reflected from the reticle.

Prior to exposure of a wafer through a reticle placed on the reticle stage, the

transmitter emits a light or infrared beam which is reflected from the surface of

the reticle and into the receiverias catoptric energy. As long as the reticle is in

an undistorted configuration, the beamis reflected from the reticle at such an

angle that the reflected beam enters the receiver and the alarm is not activated.

On the other hand, in the event that the reticle is thermally distorted, the

distorted reticle deflects the reflected beam from entering the receiver. The

receiver, in turn, activates the alarm and thereby alerts personnel to the

thermally-distorted condition of the reticle.

In another embodiment, the reticle thermal detector includes a mechanical

device which determines whether the reticle is thermally distorted through

mechanical means. In the event that the reticle is distorted, the mechanical
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device activates the alarm. In still another embodiment, the reticle thermal
detector includes an electromechanical device which determines whether the
reticle is distorted and activates the alarm in the event that the reticle is
distorted. The invention further includes a novel method of enhancing the
quality of circuit pattern images formed on a wafer during photolithography by
monitoring the distorted state or configuration of a reticle prior to use of the
reticle in photolithography.

In still another embodiment, the invention includes an exposure apparatus
such as a scanner or stepper which includes a reticle thermal detector. The
exposure apparatus includes an exposure device for exposing a wafer. The
exposure device includes a ‘light “source for-emitting light, a reticle stage
adjacent to the light source for holding a reticle and a lens adjacent to the
reticle stage. The reticle thermal detector includes a mechanism for
determining a degree of distortion of the reticle provided adjacent to the reticle
stage and an alarm connected to the mechanism for activation by the
mechanism when the reticle is distorted.

Referring initially to Figures 4.1-4.3, an illustrative embodiment of an optical
reticle thermal detector of the present invention is generally indicated by

reference numeral. The optical reticle thermal detector is designed to be
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installed in a stepper or scanner which may be conventional and is used to

transmit circuit pattern images from a reticle to a semiconductor wafer

substrate (not shown) in the photolithography step of semiconductor

fabrication. The stepper/scanner includes a reticle stage for holding the

reticle; a lens beneath the reticle stage; and a positive focal point, a center

focal point and a negative focal point beneath the lens. A light source is

disposed above the wafer stage for emitting light through the reticle.

During photolithography, a semiconductor wafer (not shown) is placed on a

wafer stage (not shown) at the center focal point. Light is emitted from the light

source through the reticle andilens, respectively. When the reticle is in an

undistorted configuration, the lens focuses the €ircuit pattern image defined by

the reticle onto the wafer at the center focal point. This results in a circuit

pattern of high integrity and quality being formed on the wafer.

On the other hand, throughout extended use, the light from the light source

tends to heat the reticle, thus causing the reticle to expand and become

thermally distorted. This, in turn, causes the circuit pattern image to become

focused above the center focal point (toward the positive focal point) or below

the center focal point (toward the negative focal point). Consequently, the

circuit pattern image transmitted to the wafer at the center focal point becomes



distorted, resulting in a distorted circuit pattern image of low quality being

formed on the wafer.

The optical reticle thermal detector of the present invention includes a

transmitter and a receiver which are disposed in spaced-apart relationship with

respect to each other on opposite sides of the reticle stage. A computer is

connected to the light receiver, typically through computer wiring. An alarm is,

in turn, connected to the computer typically through alarm wiring. The

transmitter and receiver are positioned in such a manner that an incident beam

emitted from the transmitter is reflected from the reticle as a reflected beam

which enters the receiver -as' catoptric- energy when the reticle is in an

undistorted configuration.

The transmitter may be any light-emitting element known by those skilled in

the art, including but not limited to a laser-emitting device or an LED

(light-emitting diode), for example. Alternatively, the transmitter may be any

device which is suitable for emitting a beam of electromagnetic radiation such

as infrared radiation, for example. The receiver may be any device which is

capable of receiving a reflected light or radiation beam and responsively

transmitting an electrical signal to the computer (or alternatively, transmitting a

modulated electrical signal or terminating transmission of an electrical signal to



the computer) in the event that the reflected light or radiation beam is no longer

received by the receiver. The alarm may be an audible alarm, a visual alarm,

or both an audible and visual alarm. The computer is programmed to activate

the alarm in the event that the receiver transmits an electrical signal to the

computer, transmits a modulated electrical signal to the computer or

terminates transmission of an electrical signal to the computer.

In operation of the optical reticle thermal detector, a reticle is initially placed

in the reticle stage of the stepper/scanner, and a semiconductor wafer (not

shown) having a photoresist layer deposited thereon is placed on a wafer

stage (not shown) in the stepper/scanner. Under circumstances in which the

reticle is generally in thermal ‘equilibrium with the environment (such as may

occur, for example, upon initial placement of a previously unused reticle in the

reticle stage), the reticle is in an undistorted condition, as illustrated by the

area bounded by the solid lines and indicated by reference numeral in Figure

4.2. Therefore, the reticle is suitable to transmit a circuit pattern image of high

quality onto the wafer (not shown) placed on the wafer stage in the

stepper/scanner during a subsequent photolithography process. On the other

hand, under circumstances in which the reticle has been heated to an

excessive degree, typically by the light from the light source (such as may
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occur throughout prolonged usage of the reticle in the stepper/scanner), the

reticle is in an expanded, thermally-distorted configuration, as illustrated by the

area bounded by the dashed lines and indicated by reference numeral in

Figure 4.2. Therefore, the distorted reticle is not suitable to transmit a

high-quality circuit pattern image onto the wafer during a subsequent

photolithography process.

Prior to the photolithography process, the thermal state of the reticle is

determined by the reticle thermal detector. Accordingly, an incident light or

radiation beam is emitted from:the transmitter, typically against the upper

surface of the reticle. Figure 4.1 illustrates the case in which the reticle is in

an undistorted configuration. “In that case, a reflected beam is reflected from

the reticle and enters the receiver as catoptric energy. As long as the

reflected beam enters the receiver, the receiver does not transmit an electrical

signal to the computer through the computer wiring. Therefore, the computer

refrains from activating the alarm through the alarm wiring and the

photolithography process can proceed.

During photolithography, light is emitted from the light source and through

the reticle and lens, respectively. The lens focuses the light, in the form of the

circuit pattern image in the reticle, onto the wafer (not shown) located at the
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center focal point. Due to the undistorted configuration of the reticle, the circuit

pattern image transmitted to the wafer has a high resolution and facilitates the

etching of high-quality circuits on the wafer during subsequent process steps.

In the event that the reticle has been heated excessively (such as by the

heat source after prolonged use in the stepper/scanner, for example), the

reticle becomes thermally distorted. This is indicated by the dashed lines in

Figure 4.2, in which the enlarged area of the reticle indicated by reference

numeral represents the increased size of the distorted reticle relative to the

normal, undistorted size (indicated by reference numeral). Consequently, as

shown in Figure 4.3, the distorted reticle deflects-the reflected light beam away

from entering the receiver. Therefore, the receiver transmits an electrical

signal to the computer, through the computer wiring. Responsive to the signal

from the receiver, the computer transmits an alarm activation signal to the

alarm, through the alarm wiring. The alarm broadcasts an audible signal, a

visual signal or both an audible and a visual signal to alert personnel to the

distorted condition of the reticle. Therefore, the reticle can be removed from

the reticle stage and replaced with an undistorted reticle to ensure transmittal

of a high-quality circuit pattern image from the reticle onto the semiconductor

wafer.



In the configuration of the reticle thermal detector heretofore described, the

receiver transmits an electrical signal to the computer 16 and the computer

activates the alarm in the event that the reflected beam does not enter the

receiver. However, it is understood that alternative operational configurations

are possible. For example, the receiver may be adapted to transmit an

electrical signal to the computer under circumstances in which the reticle is

undistorted (and the reflected beam therefore enters the receiver). In that

case, the receiver does not transmit the signal to the computer and the

computer consequently activates the alarm.if the reflected beam does not

enter the receiver (thus indicating that the reticle is distorted). In another

alternative configuration, when the reticle is undistorted, the receiver transmits

a baseline signal to the computer as long as the reflected beam enters the

receiver. If the reticle is distorted, the receiver transmits a modulated electrical

signal to the computer, which activates the alarm responsive to receiving the

modulated signal from the receiver.

Referring next to Figure 4.4, a mechanical retical thermal detector

according to the present invention is generally indicated by reference numeral.

The mechanical retical thermal detector includes a mechanical device which

engages a reticle when the reticle rests on a reticle stage of a stepper/scanner



(Figure 4.1). A computer is connected to the mechanical device typically

through computer wiring. An alarm, which may be an audible alarm, a visual

alarm or both, is connected to the computer typically through alarm wiring.

The mechanical device may be any device which is capable of detecting an

abnormal thickness of the reticle when the reticle is in a thermally distorted

configuration and transmitting an electrical signal (or alternatively, transmitting

a modulated electrical signal or terminating transmission of the signal) to the

computer in the event that the reticle is distorted. Accordingly, in the event that

the reticle is undistorted, the computer does not activate the alarm. In the

event that the reticle is distorted, the mechanical device causes the computer

to activate the alarm by transmitting an electrical signal, transmitting a modified

electrical signal or terminating transmission of an electrical signal to the

computer. The reticle can then be replaced by an undistorted reticle prior to

photolithography.

Referring next to Figure 4.5, an electromechanical retical thermal detector

according to the present invention is generally indicated by reference numeral.

The electromechanical retical thermal detector includes at least one, and

typically, multiple piezoelectric sensors which engage a reticle when the reticle

rests on a reticle stage of a stepper/scanner (Figure 4.1). A computer is



connected to the piezoelectric sensors typically through computer wiring. An

alarm, which may be an audible alarm, a visual alarm or both, is connected to

the computer typically through alarm wiring. The piezoelectric sensors are

capable of sensing pressure exerted by the reticle when the reticle is in an

expanded, thermally distorted configuration, in which case the piezoelectric

sensors generate and transmit an electrical signal to the computer through the

computer wiring. Consequently, the computer activates the alarm through the

alarm wiring. In the event that it is undistorted, the reticle does not exert

pressure on the sensors. Consequently, the sensors do not transmit an

electrical signal to the computer and the computer does not activate the alarm.

While the preferred embodiments of the invention have been described above,

it will be recognized and understood that modifications can be made in the

invention and the appended claims are intended to cover all such modifications

which may fall within the spirit and scope of the invention.
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Figure 4.1 is a schematic view of an illustrative embodiment of an optical reticle thermal detector

according to the present invention. illustrating implementation of the invention when the
reticle is in an undistorted condition.

£
ey

E'"«.{._. reflected light beam
reflected beam

incident beam

T T T T 3 —reference numeral

J——reference mumeral

- reticle

Figure 4.2 is a schematic view of a reticle, illustrating reflection of light from the
reticle when the reticle is in the undistorted condition (solid lines) and
when the reticle is thermally distorted (dashed lines).
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Chapter 5
Improvement in instable analysis of heat inflation induced line-width

after replacing pellicle with diamond film on reticle (photo-masks)

= |ntroduction

Recently, interest in the research and applications of diamond has
increased significantly due to the development of the Chemical Vapor
Deposition (CVD) technique for producing diamond films. Since diamond has
the highest thermal conductivity. of all known substances, it has numerous
potential applications. However, this high thermal conductivity creates a
problem in measuring the thermal conductivity of diamond materials ** .
Numerous techniques exist for measuring the thermal conductivity of solid
materials *°. This study proposes a two layer model based on the principle of
heat diffusion to determine the thermal conductivity for various CVD diamond
thin films based on the effective thermal diffusivity of a diamond film on a
silicon substrate measured using a holographic interferometric technique * .
The main sources of distortion for soft pellicle systems include temperature
changes and the attachment of curved frames to non-flat reticles, with the

latter being the inevitable consequence of the stressed chrome pattern®®.



® The heat conduction equation
For one dimensional heat flow along the y direction, the rate change of heat

transfer can be expressed as

dQ_ | AdT

1
@ Py (1)

where k_ denotes the thermal conductivity along the y direction in the unit
of Wm'K™, dT/dy represents the temperature distribution along the y
direction of K m™, A is the cross sectional area of the sample perpendicular to
the heat transfer direction of m?, and dQ/dt denotes the thermal power of W.
Notably, thermal conductivity, kg'is a heat transfer value per unit temperature
gradient per unit time through unit cross section,~which is perpendicular to the
heat transfer direction. The temperature gradient through the unit cross section
then can be measured by introducing a known quantity of heat to the solid

material to determine the value of k, from Eqgn. (1).

Modeling of thermal conductivity in a solid begins with the diffusion equation:
2 1
NT - ——=- k—Q(x, Y, z1) )
When a denotes the thermal diffusivity, for a long, thin film of a
homogeneous material, with one end of the thin film held at a constant
temperature and the other end heated at a known rate, the steady state, one

dimensional temperature distribution is determined by the familiar expression
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from Egn. (2).
Fourier’s law, Egn. (1), can be used to determine the conduction heat

transfer rate. That is,

dT _ kA
qy =" kAd_y ) T(Tmaterial,l - TmateriaI,Z) (3)

Particularly, an analogy exists between heat diffusion and electrical
charge. Just as an electrical is associated with the conduction of electricity, a
thermal resistance may be associated with the conduction of heat. Defining
resistance as the ratio of a driving potential to the corresponding transfer rate,
Eqn. 3 shows that the thermal resistance for conduction is

RO Tmateial,l -T

material, 2 |—
2 - = 4
T ” (4)

® Comparisons between traditional pellicle-reticle model and diamond

films-reticle thermal conductivity model

Equivalent thermal circuits may also be used for more complex systems,

such as composite walls. Such walls may involve numerous series and parallel

thermal resistances due to layers of different materials. Consider the series

composite wall of Fig. 5.1 (a) and (b). The one dimensional heat transfer rate

for this system can be expressed as
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(®)

Consider the traditional pellicle-reticle of a two-layer composite, as

illustrated in Fig. 5.1 (a) Each layer is characterized by an individual thickness,

y density, heat capacity, and thermal conductivity, k. where T, - T,is the overall

temperature difference and the summation includes all thermal resistances.

Consequently,
T,-T
q, = - 1”13 (6)
( quartz + I—(:hromium )
kquartzA kchromiumIA

Alternatively, the heat transfer rate can be related to the temperature

difference and resistance associated with each element.

T-T, _ T,-T
q, = |_1 2 :Lz 3 (7)

( quartz ) chromium

kquartzA kchromiumA

Consider the diamond film-reticle thermal resistances of a three-layer

composite, as shown in Fig. 5.1 (b),

T,.- T,

(Lquartz + I-chromium + Ldiomond)
kquartz’A‘ kchromiumIA kdiomondA

q, = (8)

Alternatively, the heat transfer rate can be related to the temperature

difference and resistance associated with each element.



gt LT T-T,
rTL L L

( quartz ) chromium diomond

kquartzA kchromi umA kdoomond A

(9)

The initial temperature is the same for the traditional pellicle-reticle and
diamond-reticle, so T, =T,. However, due to the effects of the thermal

conductivity of diamond film, T,* T, ,T, * T,. Putting Table 1 into Egns. 7 and

9 demonstrates that a diamond film-reticle has better heat radiation.

= Experimental method

A 10p m thick layer of diamond film(Type a) is deposited on a chromium
layer on the bottom of a reticle via CVD using Cymer KrF Laser as the source
of photo exposure. Figure 5.2 describes the laser route in which the Cymer
machine shoots a highly homogeneous light that could control uniformity below
0.3% via a fly eye. The homogeneous laser light obtains zero order and 1°
order light via annular aperture. The laser beam of zero order and 1°' order
light could be controlled under experimental size following going through a
reticle blind. Subsequently, through the main condenser lens, the main

condenser lens is the final optical element for the exposure beam before

44



entering the reticle and reduction projection, the condenser lens to ensure

beam telecentricity. The final lens is the projection lens. The main function of

the projection lens is to reduce the laser ratio to 4:1 and project it onto the

wafer surface.

= Results

Diamond Reticle thermal condugctivity

When the reticle receives éxtended light energy;, it will be out of shape due

to thermal inflation. The CD (Critical Dimension) Bar from coating positive

resist on the wafer of inflated reticle thus will shrink. Figure 5.3 may prove that

traditional pellicle-reticle is four times the quantity of out—of-shape than

diamond thin film under continuing photo exposure for 200 hours. At this point,

the temperature of the traditional pellicle-reticle increases from 23.01 to

24.34  while the temperature of the diamond thin film reticle increases from

23.00 to 23.03 . Theincrease of 1.33  reduces the CD bar by 0.05u m.

If this shape change is applied to photo-lithography of 35nm line width, 30nm



of CD Bar can be obtained. Figure 5.3 shows that the increase of just 0.03
has almost no effect on 35nm process. This result demonstrates that diamond

is a new and ideal replacement for pellicle in both theory and practice.

Diamond Reticle Intensity

Table 2 shows that the value of measurement of intensity of reticle of
quartz and chromium is 227.6 mw/em?® and following adding a layer of pellicle,
the value of intensity reduces by 0.483% while the value of intensity of
diamond-reticle reduce by 17.97%."The loss.af energy after light increase the
medium of diamond is the weakness that will make throughput of scanner slow

down.

Effects of improved oxide layer on diamond reticle on CD (Critical

Dimension) bar

According to the research by A. Mkkelson in 2001, the reticle oxide

layer thickness may reach 20nm, adding 5nm to the wafer, if optical reducing



ratio is used. The 35nm via(hole)-process increases the size to 40nm and

reduces the CD bar to 30nm.

Because chromium wire of diamond-reticle is wrapped up between

diamond and quartz, the chromium does not contact with air, and no oxide

phenomenon occurs. The design of diamond-reticle provides a method of

preventing reticle from producing an oxide layer.

= Conclusions

Today's photo manufacturing process has not had ability to produce 35nm

line-width, so the experiment used 0.11u"m manufacturing technology to act

as quantity of transformation of thermal inflation and applied the quantity of

transformation to future 35nm manufacturing process.

Presently, the tolerable standard of error of margin of semiconductors is 3

sigma. In the 65nm process, the error of margin 5nm is within 3 sigma while

the error margin in 35nm process exceeds 3 sigma. Therefore, when a

semiconductor process is developed to 35nm, the slight shape change due to

heat must be resolved. However, until now, no paper or patent has offered a

solution. Diamond film reticle may provide a solution for achieving slight shape

change in the future.
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= | st of Table

Table 5.1

Thermal properties of film and substrate [HITAHI PD 5000 Manual]

Material Thickness Thermal conductivity (W/m K )
Quartz 6.30 mm 4.8
Chromium pattern {100 nm 93.7
Pellicle 0.08 mm g
CVD Diamond film
10p"m 1193
(Type a)
Table 5.2

Various types of reticle i

ntensity

No Pellicle-reticle

Pellicle-reticle

Diamond film-reticle

Intensity (mwW /cm?)

227.6

226.5

186.7
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Figure 5.2 Traditional reticle and diamond film reticle composite
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Chapter 6

Analysis of instability in a Critical Dimension Bar due to focus and

exposure

= |ntroduction

In the photolithography processing of semiconductor, line-width is smaller

and smaller. Therefore, the requirements of process window are stricter than

before. Among them, the control of focus and exposure dose is one of the most

important factors that may affectline-width. Bad control of focus and exposure

may not only affect line-width; but alse cause the increment d rejects of

products. The research explored mainly the effects of focus and exposure

dose on line-widths of different photo resists. The research obtained related

coefficients of exposure dose-line width and focus-line width by coating photo

resist of different components on the surface of silica wafer. The results of

research found that focus might not only change line-width but also had

positive-negative symmetric relationship with line-width. It also found that there

was linear relationship between exposure dose and line -width.
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® Experimental

Equipment

The steppers were a Nikon I-line and DUV. The major function of a

stepper is to apply the exposure pattern to the surface of a wafer that has

already been coated with a layer of resist. The main difference between an

I-line stepper and a DUV stepper is that they use different light sources. The

light source used by an kline stepper is a UV lamp ?=365nm, while the light

source used by a DUV stepper is a KrF excimer laser ?=248nm. The

differences between the wavelengths of these light sources lead to different

resolutions. Generally, a shorter wavelength gives a better resolution, and a

better resolution enables the line-width to be made narrower.

The exposure field used by the I-line stepper was a 6inch/22mm square of

glass material. The LNA (Lens Numerical Aperture)=0.60 and the INA (Input

Numerical Aperture)=0.38. The NAs (numerical apertures) were fixed.

The exposure field used by the DUV stepper was a 6inch/22mm square of

glass material. LNA=0.60 and INA=0.45. The Nikon stepper has two numerical

apertures. The INA is the front-end of the lens through which the arc lamp or
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the laser light passes. The INA did no affect the experiment. The LNA is divice

of Aperture in Projection LENS. Numerical Aperture in this experiment means

LNA. Hence, LNA=NA (s=INA/LNA, I-line and DUV lllumination aperture used

conventional types). Generally, the NA of the DUV can be opened wider

because the resolution of the resist used with DUV is higher than with the

I-line.

For SEM (scanning electron microscopy), the microscopes used were a

Hitachi S-9200, a KLA_Tencor 8100, and an Applied Materials’ SEM Vision.

The Hitachi S-9200’ s primary function was to measure the pattern’ s line-width

and the capture a top view of the image. Theerror correction method involved

a standard wafer that, after etching, had a line-width of 0.3um+10%. The

line-width of this standard wafer was measured and if the result was within

0.3um+10%, that was considered to meet our requirements. The error

between the results obtained by the KLA_Tencor and those obtained by the

Hitachi S-9200 was not allowed to exceed +10%.

The Applied Materials SEM Vision was not used to measure line-width

because its top view measurement was worse than those made with the



Hitachi S-9200 or the KLA Tencor 8100. The Applied Materials SEM Vision
was used mainly to view a pattern in three—dimensions. This SEM provides the
advantage of having an E-beam that measure the wafer’ s surface at +45° and
0°. This SEM therefore enables a pattern to be observed in three dimensions .

The TEL CLEAN ACT-8 machine was used for spin coating and as a
developer. The main functions of the ACT-8 are {1} priming, {2} spin coating, {3}
soft baking, and {4} developing

{1} A layer of HMDS (Hexamethyldislazane) (CH,),SNHS(CH,), is
sprayed onto the wafer. HMDS functioned as.a medium that strengthened the
bond between resist and wafer surface: After suitable priming, the wafer
surface energy can be adjusted to a'level similar to the resist surface energy to
increase the adhesive strength between the wafer surface and the resist. {2}
After dehydration baking and priming, the liquid resist must be evenly applied
to the wafer surface. The resist was dripped onto the center of the wafer and
distributed over its surface by the centrifugal force due to high-speed rotation.
A higher rotation speed yields a thinner and more uniform resist liquid. The
resist includes a very volatile organic solvent. After the resist is sprinkled onto
the wafer surface, the stickiness of the resist changes with the volatility of the

solvent. Failing to complete the coating before the solvent becomes volatile



yields poor uniformity. {3} The main purpose of the soft baking was to eliminate

the solvent that remains in the resist after spin coating, to transform the resist

from a semi-solid to a solid film. {4} The main purpose of developing was to

display the pattern that followed the exposure and leave the required pattern

after the developer reacts.

After the coating process is completed, the thickness of the resist must be

known. Therefore, a KLA Tencor PROMETRIX UV-1280SE was used to

measure the thickness of the resist film, by applying optical methods to

measure accurately the thickness of the resist from the center of the wafer to

the edges of the wafer after the'resist has solidified.

Experimental

The matrix was exposed by marking off the X (horizontal) and Y (vertical)

axes on the surface of the wafer and then changing the focus and the

exposure dose to vary the CD bar. Once the resist material was checked, the

optimal focus and exposure dose for the resist were determined. Different

resists correspond to different optimal focal centers. The focus and exposure

dose are two variables that simultaneously influence the line-width’'s

cross-sectional pattern. Consequently, a CD-SEM had to be used to measure

or observe changes in the pattern. The optimal focus is the center point of the



acceptable DOF (Depth of Focus) range. The experiments showed that a

focus nearer to zero yielded an image of better quality. The optimal exposure

dose is one that—with a fixed focus—makes the pattern on the wafer the same

as the pattern on the reticle. Also, a smaller white wall enables more

requirements to be met. The best situation involved no white wall. A negative

white wall may have caused the CD bar to collapse.

= Results and Discussion

Symmetrical Multiprocessing Best Focus

Symmetrical multiprocessing focus-is that-which yield a pattern most

similar to that on the reticle: The method for measuring the symmetrical

multiprocessing focus was to take a wafer coated with a positive resist (PFI 58

Resist) and to expose 17 sets of patterns on its surface. Each pattern

consisted of nine horizontal patterns and nine vertical patterns, each of which

included five rhomboids. The length to width ratio of the rhomboids on the

reticle was 30:1. However, their shape changed with the focus. The length of

each rhombus was measured and the longest one found. The focus this

longest rhombus was the best focus because as the focus changed, all the

rhomboid patterns changed shape accordingly due to defocusing and the



changing area of exposure. Defocusing can be divided into positive and
negative. For a positive resist, the positive defocusing cross-section of a
CD-bar is a regular triangle. Severe defocusing causes the sharp cornered
pattern to become smoother and rounder. A negative defocusing cross-section
CD bar is an undercutting, which, if severe will cause the CD-Bar to collapse
and the sharp -cornered pattern to become smoother and rounder. Therefore,
when the focus is at zero, the rhombuses are longest, and when the focus

shifts to positive or negative, contraction and deformation occur.

The I-line stepper and the DUV stepper in this experiment used the same
reticle. However, the differences between the resists used with each stepper
caused the I-line stepper to require longer exposure than the DUV stepper. For
the I-line stepper, the exposure conditions were exposure dose =165
mJ /cm?and exposure step=0.2um. The focus variation ranged from +1.6pm
to -1.6um. The Applied Materials’ SEM Vision revealed that the best focus for
the I-line stepper was Oum, at which the ratio between of length to the width of
the rhombuses was approximately 30:1. Shifting the bcus farther from Oum
caused the rhomboid patterns to become more blurred, contracted and

deformed. When the focus was =1.6um, the five rhomboid patterns contracted
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into irregular ellipse forms (Figure 6.1) because of the defocusing effect
produced on this area. The pattern changes at negative and positive foci were
symmetrical (Figure 6.2).

When measuring the best focus for the DUV stepper, SEPR 432 was used
as the positive resist. The exposure conditions were exposure dose
=30mJ/cm® and exposure step=0.2um. The focus variation ranged from
+1.6um to -1.6um. The Applied Materials SEM Vision was used to observe that
that the patterns at negative and positive focus were symmetrical. However,
the pattern of the DUV stepper was better than for the I-line stepper. When the
focus was zero, the pattern was'a 30:1 rhombus. When the focus was £1.6, the
five rhomboid patterns contracted into irreqgular shapes (Figure 6.3) because
the DUV* s defocusing effect is stronger than the Hine*s defocusing effect.
Consequently, the shapes obtained were smoother and rounder than with the
I-line. The patterns at negative and positive focus were symmetrical (Figure
6.4).

When the kine stepper focus was Opum and the DUV stepper focus was
also Oum, the two corresponding patterns were expected to be identical.
However, in this experiment, the DUV stepper’ s rhombus pattern was longer

than the Hine stepper’ s because exposure dose impacts pattern length. A



longer exposure dose causes the resist to undergo a more intense chemical

reaction. However, the difference between the two patterns was satisfactory for

this experiment, and the pattern lengths in each of the two cases did not have

to be equal. After a long exposure, contact with the developer causes a more

intense chemical reaction. Therefore, for both he tine stepper and the DUV

stepper, increased exposure dose yields a longer pattern.

The focus also affects the length of the pattern. When focus=0um, the

pattern is longest, and when the focus is +1.6um the pattern is shortest,

because a positive resist was used, the special characteristic of which is that

areas of resist that are exposed to light are washed away during the

development reaction. The focus was conically distributed , and the negative

focus and positive focus were symmetrical. At a focus of Oum, the exposed

areas were fewest and no defocusing was observed. At a focus of £1.6um,

however, more areas of the positive resist were exposed, and, because of

serious defocusing, the pattern was shortened and contracted, becoming

irregular.

Focus

The best focus determines the present, actual focus, which varies with the

59



best focus as standard. According to M. E. Preil and W. H. Arnold (1992), focus

influences line-width. Their experimental method was to vary the focus from

-1.2~ to 1.2um and observe the changes. They found that at a focus of Oum,

the line-width was smallest; that a longer focus yielded a larger the line-width,

and that positive and negative foci were symmetrical. In this work, the best

focus was used to arrive at results that were the opposite of those obtained by

Preil and Arnold because the process latitude smiley curve was different.

Restated, a different resist was used herein.

Varying the focus over £1.6ym revealed:.that the I-line’ s best focus curve

included clear variations within £0.4pm, as shown in Figure 6.2. Therefore, the

I-line focus was varied within £0:4pm was-and the variation of line-width

measured. A white wall was observed simultaneously. In Figure 6.5 and 6.6,

when the focus was varied between =0.4um, a white wall in the shape of a

regular triangle appeared regardless of whether the focus was positive or

negative, which result contradicts theory. With a positive focus the white wall is

expected to be a regular triangle, but according to theory, at a negative focus,

the white wall will be an under-cut. However, producing an undercutting with a

negative focus was found to be difficult, contrary to expectations, because

during the development process, the surface of the water came into contact



with the developer for a longer period than did the base, so the chemical
reaction took longer at the surface than at the base. Making an undercutting
required that the focus be continuously maintained negative. However, a focus
nearer to Oum is generally preferred. Using a negative resist switches the

orientation of the white wall.

DOF (Depth of Focus)

Better imaging effects are obtained by deepening the DOF a consistently
before acronyms. The factor that most strongly influences the DOF is the resist
window, which was obtained herein by changing the focus and determining the
size of the DOF from the changes in-the focus-and the line-width. The focus
varied from +0.4um to -0.4pum, and the Hitachi S-9200 revealed the patterns
obtained at each focus. Given a specific exposure dose, with a line-width and
white wall between the positive focus and the negative focus, the DOF for this

kind of resist can be obtained,

_ .
DOF =K,
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Exposure dose

Figure 6.6 was a UV lamp, while that used to obtain Figure 6.7 was a

laser, but the line-widths are clearly identical. The top edge of the CD bar in

Figure 6.6 is less stable than that in Figure 6.7, and the top edge of the CD bar

in Figure 6.6 is semicircular showing independent proximity. In Figure 6.7, the

same reticle was used; its borders were found to be more stable than in Figure

6.6, and the top edge of the CD bar was almost a right angle, because the

wavelength of a UV lamp is higher than that of a lasers, so the resolution is

poorer, such that an pattern identical to that on the reticle is harder to obtain.

Figure 6.8 shows that exposure importantly influences line-width. A higher

exposure dose corresponds ‘to a“smaller line-width, according to a linear

relatonship. The experiment revealed that the gradient of the

exposure/line -width relation did not change with the thickness of the resist.

Birol Kuyel and Harry Sewell (1990) noticed that line-width and the thickness

of the resist followed a wave . The main factor that influenced the gradient of

the exposure/line-width relation was the resist's sensitivity composition.

Generally, the extent to which the composition induces a stronger chemical

reaction with the developer influences the slope .
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Figure 6.8 showed that a higher the exposure dose corresponds to a

smaller line-width, mainly because increasing the time for which the resists is

exposed increases add to the force of the chemical reaction between the resist

and the developer. Consequently , the developer will remove even more

exposed resist, reducing the line-width.

A better resolution enables a smaller line-width to be obtained, such that

at the appropriate exposure dose no variations will be produced. Therefore,

the line-width can be reduced.only by improving the resolution. Figure 6.1.

showed that the resolution was'related to NA, ?-and k (k= permittivity). In this

experiment, NA was usually set between 0.5-and 0.7, although the NA was

used to control the resolution, the effect was not great. Changing the

wavelength and k to adjust the resolution was more effective. However, at

present, UV lamps and KrF lasers are our only available light sources.

Increasing k will be the simplest method of improving. The current method is to

switch to a different resist or to apply an ARC (anti-reflection coating) to the

surface of the resist. The goal is to reduce both k and the optical proximity

effect. The transmission rate of the ARC material on the surface layer must be

increased to allow the light beam to pass through it and fall onto the resist



beneath, reducing refraction. However, the addition of a layer of ARC to the

surface of the resist beyond the scope of this work.

= Conclusions

The focus and exposure of dose in photolithography process is the
important condition to determine figure. It is very hard to determine which is the
best focus and exposure dose in photolithography process. In semiconductor
plants (Fab), they usually use a frequently used PR as basic standard while
other PRs co-work with it. But this method was proved probably wrong. The
experiment found that the patterns of focus are symmetrical and process
latitude smiley curve will not change because of different elements of PR but
location or figure of best focus will do. Exposure dose will change size of CD
Bar, that is, higher exposure dose will make CD bar smaller, but too high
exposure dose will make CD Bar not stable or even cause the collapse of CD
Bar. Therefore, it is not correct to use exposure dose to change line width.
There is linear relationship between exposure dose and line width. According
to the results of our experiment, R?>0.9, so their relationship could be
consider as linear relationship (R*>0.9 is called high positive correlation in

statistics).
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Figure 6.1 I-line symmetrical multiprocessing focus. Pattern length changes
observed using an Applied Materials SEM Vision. (a) At
focus=0um, the pattern had the same shape as that on the reticle;
(b) at a focus of -0.8um, the pattern was shortened; (c) at
focus=-1.2uym, the pattern was shortened and completely
transformed; (d) at focus=-1.6um, the pattern irregularly

contracted into a shape that resembled an ellipse.
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Figure 6.2 Process latitude smiley.curve of pattern length-focus, with an Hine

stepper and a positive resist. . .
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Figure 6.3 DUV symmetrical multiprocessing focus. Pattern length changes
observed using an Applied Materials SEM Vision: (a) At
focus=0um, the pattern had the same shape as that on the reticle,
but was longer; (b) at focus=-0.8um, the pattern was shortened; (c)
at focus=-1.2um, the pattern was shortened and completely
transformed; d) at focus=-1.6um, the pattern became an irregular

shapes.
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Figure 6.4 The process latitude smiley curve pattern length-focus, with a DUV

stepper and a positive resist.
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Figure 6.5 I-line light source, PFI58 resist, exposure dose =200 mJ/cm?,
focus=0pm: Observed with the Applied Materials SEM at a

scanning angle of #45°: line=width=0.682 um, white wall, and

three -dimensional picture.
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Figure 6.6 I-line light source, PFI 58 Resist, Exposure =200 mJ/cm?; Figures

of white wall and Independent PrOX|m|ty When (a) Focus=+0.4u m,
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Independent proximity

White wall

Figure 6.7 Deep UV light source, Exposure =30 mJ/cm?, Figures of white
wall and Independent Proximity When Focus=0, under multiplying

rate 50KV of HITACHI S-9200 CD SEM and Line-Width=0.2y m.
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Chapter 7

Analysis of instability line width and white wall created by the

photolithography process

= |[ntroduction

In the photolithography processing of semiconductor, line-width is smaller

and smaller. Therefore, the requirements of process window are stricter than

before. In the small line-width, the formation of serious white wall will affect

line-width and cause rejects .in following process. The study conducted

research on the control of-best focus in which particularly explored the

relationship between exposure dose and line-width and the phenomenon of

white wall generated by focus. The research obtained related coefficients of

exposure dose-line width and exposure dose-white wall by coating photo resist

of different components with the same thickness on the surface of fused silica

wafer. The results of research found that exposure dose might not only change

line-width but also had important effects on white wall. Among others, the most

important factor for exposure dose is the component of sensitivity of photo

resist.
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=Experimental

Equipment

The steppers were a Nikon I-line and DUV. The major function of a

stepper is to apply the exposure pattern to the surface of a wafer that has

already been coated with a layer of resist. The main difference between an

I-line stepper and a DUV stepper is that they use different light sources. The

light source used by an kine stepper is a UV lamp ?=365nm, while the light

source used by a DUV stepper is a KrF excimer laser ?=248nm. The

differences between the wavelengths of these light sources lead to different

resolutions. Generally, a shorter wavelength gives a better resolution, and a

better resolution enables the line-width to be made narrower.

The exposure field used by the I-line stepper was a 6inch/22mm square of

glass material. The LNA (Lens Numerical Aperture)=0.60 and the INA (Input

Numerical Aperture)=0.38. The NAs (numerical apertures) were fixed.

The exposure field used by the DUV stepper was a 6inch/22mm square of

glass material. LNA=0.60 and INA=0.45. The Nikon stepper has two numerical

apertures. The INA is the front-end of the lens through which the arc lamp or

the laser light passes. The INA did no affect the experiment. The LNA is the NA

close to the edge of the wafer and is directly affects the experiments. Hence,
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LNA=NA (o =INA/LNA, lllumination aperture used annular type). Generally,

the NA of the DUV can be opened wider because the resolution of the resist

used with DUV is higher than with the I-line.

For SEM (scanning electron microscopy), the microscopes used were a

Hitachi S9200, and a Applied Materials’ SEM Vision. The Hitachi S9200’s

primary function was to measure the pattern’ s line-width and the capture a top

view of the image. The error correction method involved a standard wafer that,

after etching, had a line-width of 0.3um+10%. The line-width of this standard

wafer was measured and if theresult was within 0.3um+10%, then the was

considered to meet our requirements. The error-between the results obtained

by the nikon stepper and these obtained by the Hitachi S-9200 was not

allowed to exceed +10%.

The applied materials SEM vision investigation used APPLIED materials

SEM Vision to observe the free-space diagram of pattern and the composition

of EDX measurement materials rather than using measurement of line-width.

The main advantage of this approach is that E-beam can measure the wafer

surface under +45° thus indicating the free-space diagram and pattern

variation.

The TEL CLEAN ACT-8 machine was used for spin coating and as a
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developer. The main functions of the ACT-8 are {1} priming, {2} spin coating, {3}
soft baking, and {4} developing

{1} A layer of HMDS (Hexamethyldislazane) is sprayed onto the wafer.
HMDS functioned as a medium that strengthened the bond between resist and
wafer surface. After suitable priming, the wafer surface energy can be adjusted
to a level similar to the resist surface energy to increase the adhesive strength
between the wafer surface and the resist. {2} After dehydration baking and
priming, the liquid resist must be evenly applied to the wafer surface. The
resist was dripped onto the centerof the wafer and distributed over its surface
by the centrifugal force due-to. high-speed rotation. A higher rotation speed
yields a thinner and more uniform' resist liguid. The resist includes a very
volatile organic solvent. After the resist is sprinkled onto the wafer surface, the
stickiness of the resist changes with the volatility of the solvent. Failing to
complete the coating before the solvent becomes volatile yields poor uniformity.
{3} The main purpose of the soft baking was to eliminate the solvent that
remains in the resist after spin coating, to transform the resist from a semi-solid
to a solid film. {4} The main purpose of developing was to display the pattern
that followed the exposure and leave the required pattern after the developer

reacts.



After the coating process is completed, the thickness of the resist must be
known. Therefore, a KLA Tencor PROMETRIX UV-1280SE was used to
measure the thickness of the resist film, by applying optical methods to
measure accurately the thickness of the resist from the center of the wafer to

the edges of the wafer after the resist has solidified.

® Experimental

This experiment is designed to use matrix exposure to lay out horizontal

and vertical axes and to utilize the combination of exposure to obtain variant

conditions between line width-and white wall. PR:is subject to different optimal

focus point resulting from different properties in terms of thickness and

sensitivity. In this experiment, in order to attain the optimal focal point, each PR

was calibrated to a focus of less than + 0.1y m before experiment. Then,

matrix exposure method was used to set up the focus at the best focal position.

By changing exposure dose, the results of experiment are obtained.

® Results and Discussion
Focus and Exposure Theory

Figure 7.1 clearly illustrates a cone shaped distribution and positive and
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negative symmetry of light sources from the lens to the wafer surface. Given

focus=+1.4y m and focus=-1.4y m , the exposure area of CD Bar exceeds

focus=0u m. Consequently, the size of CD Bar is not different given focus=0u

m and focus=t1.4p m. Pattern length is longest when focus=0py m, because

exposure area is smallest and pattern length is shortest when focus=t1.4p

m because exposure area is maximized. However, these phenomenon only

occur on positive resist. For negative resist opposite results are obtained.

Positive resist is characterized by the lighted area producing photo-acid and

alkali developer, which is eliminated following neutralization because of the

balance between acid and- alkali. DUV light-source has a cone shape

distribution, and positive and negative symmetry exists between the lens and

the wafer surface. When exposure location is on the top of the cone, then this

investigation assumes focus=0y m. The focus distance increases with the

distance of the exposure location from the top of the cone., The cone area is

smallest when focus=0uy m, and thus the lighted area is less than for focus=+

1.4p m while the pattern length is longer or bigger. The lighted area of positive

resist increases given focus=x+1.4y m. Besides, probably because of the

serious defocus or the reduced capacity to display diagram borders, pattern

length is reduced and an irregular pattern forms given focus=t1.4y m.
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The impact of exposure dose on CD Bar

Exposure dose is a main factor in influencing line-width. In this research, it

is found that the higher the exposure dose the smaller is the line width. At the

same time, exposure dose can affect white wall, i.e., the higher the exposure

dose the smaller is the white wall. Furthermore, both e xposure dose—line width

and exposure dose-white wall contribute to the characteristics of linear

relationship.

From Fig. 7.2, it can be seen by comparison that these three PR produce

three different line widths and white walls'when exposing them at the same

energy. However, these three PR curves appear the same trend. That is, the

higher the exposure dose, the smaller are the ine width and the white wall.

Under the same PR thickness, the main factor that affects the slope of

exposure dose-line width and white wall is the sensitivity of PR. In other words,

under the same energy, the higher the sensitivity, the smaller the line width

becomes. In this experiment, under the condition of having the fxed film

thickness of PR, the varied relationship of energy with respect to line width and

white wall is studied. All three PR thickness are controlled at 7500+200 A and

the homogeneity of PR is at 3 sigma<0.03um.

From Fig. 7.2, itis found that line-width measured after exposed with high



dose is much smaller than that when exposed with low dose, which is
consistent with the results obtained from measuring white wall and line-width.
In addition, ine-width and exposure dose present the linear relationship, and
white wall and exposure dose contribute to the linear relationship as well.
When exposure dose is low, line-width is wider than that exposed at high dose.
This can be attributed to the facts that at high exposure dose, the absorption of
high energy of PR enhances the reaction capability of neutralization. Therefore,
there will be more areas to be neutralized. Those impurities after neutralization
can be rapidly washed away by.DI'water. However, too high of exposure dose
can cause Ine-width to become very small. As a result, the aspect ratio
becomes too large. Therefore, CD bar can't hold back the turbulent force
caused by DI water as neutralized area is washed, causing CD bar to collapse.
From Fig. 7.3, it is revealed that SEPR 451 PR can cause CD bar to collapse
at Dose=80 mJ/cm? . This resulted from the facts that the sensitivity of SEPR
451 is higher than that of the other two PR and can cause aspect ratio to
become higher than that of the other two PR even at the same exposure dose.
After development, SEPR 451 can’ t support the impact of turbulent force and
collapse. High energy can make light penetrate through the bottom of PR with

high reflective energy coming out from bottom. Therefore, the area to be
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neutralized at the bottom of CD bar is increased. Hence, white wall decreases
as the exposure is increased, and it maintains a linear relationship with respect
to exposure dose. From Fig. 7.2, it can be seen that the linear slope of
exposure dose-white wall and dose-line width is different using the same PR.
By comparing the slope of exposure dose-line width with that of
exposure-white wall for three different PR, the slope of exposure dose-line
width is higher, so is the slope of exposure-white wall. The main reason
contributing to this trend is due to the sensitivity of PR. By comparing the
tablel with Fig 7.2, it can be seen that the slope of exposure dose-line width is
much steeper for PR having higher snsitivity-as compared to that having
lower sensitivity. This arises froam the fact that PR with higher sensitivity after
its exposing to light source becomes relatively easy to produce neutralized
reactions. Also, it can be found from Fig. 7.2 that the sensitivity between SEPR

451 and SEPR-450H is off by 1.96 times. When exposure dose is at

20 mJ/cmZ, line width can be off by 1.03 times. However, as exposure dose
reaches to 65 mJ/cm?, line width can be different by 0.42 times. The outcome
attained from this observation indicates that the higher the e xposure dose, the

more important the factor of sensitivity that can affect on line width. As

exposure dose is at 20 mJ/cm2 , White wall is off by 1.46 times. While e xposure
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dose reaches at 65 mJ/cm?, line width is off by 0.68 times. The ratio of white
walls with their exposure doses at 20 or at 65 mJ/cm? is 2.12. The ratio of
line widths with their exposure doses at 20 or at 65 mJ/cm? is 2.45. From
these two ratios, it can be found that the error caused by the impact of
sensitivity with respect to line width and white wall is minimal.

From Fig 7.4, Exposure dose becomes too low, PR would not form a
pattern due to the fact that the absorption of exposure energy by PR is not
strong enough to produce a neutralized reaction when in contact with TMAH.
On the contrary, From Fig 7.5 (a), hgh exposure energy makes CD bar
become smaller. From Fig. Z.5%(b), it can be found that too high of exposure
dose can make CD bar become unstable. High exposure energy makes CD
bar unstable and this step could cause an error if the wrong measurement
point were selected. Therefore, the CD SEM measurement method we use is
to measure a point for each 0.2y m in length by selecting a center point on CD
bar within a range of 2u m for ten points. Then, take the average of these ten

points to be the value of the line width.

Standing wave

The formation of standing wave is caused by areas having exposed the



strongest light with the formation of the most abundant Indene Carboxylic Acid

(ICA). These exposed areas have the fastest dissolvable rate in alkaline

solution and their dissolvable areas are the widest ones after development. On

the other hand, the areas having exposed the weakest light show the

narrowest dissolvable regions. As a result, PR after development forms a

periodic contour pattern, i.e., wide and narrow side wall or (white wall). These

wave patterns can’ t be observed by using Hitachi S-9200 or KLA Tencor 8100

CD SEM. In order to observe these phenomena clearly, it is necessary to use

Applied Materials SEM Vision te:look at them by tilting wafer with 45° and/or

use E-beam to examine by twisting wafer with +45°. From this experiment, it is

found that exposure dose doesn’ t affect the size of standing wave. It can be

attributed to the facts that the increment of exposure dose can’t change the

wavelength of laser. But, coating top ARC (Anti-Reflection Coating) and bottom

ARC on the surface or bottom of PR can make the effect of standing wave

reduced. From Fig. 7.6(a) and (b) and Fig. 7.6(c), by comparing PR in terms of

adding top ARC and bottom ARC to SEPR 432, the standing wave becomes

smaller after adding top ARC and bottom ARC to the PR as compared with

using SEPR 432 PR along. In fact, we had problem using APPLIED Materials

SEM Vision to locate for a periodic contour pattern of white wall with wide and



narrow side wall caused by standing wave. This arises from the facts that the
addition of bp ARC or bottom ARC can improve the effectiveness of the
refractive index and the absorbance of SEPR 432. In addition, different PR
would produce different effects of standing wave because different PR
possesses different efractive and absorbance. From Fig. 7.6, the contour
patterns caused by standing wave resulting from three different types of PR
are presented. When the refractive and the absorbance of PR per se are the
same as those of top ARC or bottom ARC, the standing wave obtained from

the PR produces the same effectias that of increasing top ARC or bottom ARC.

The impact of focus on white wall

Carboxylic acid can be produced after PR is exposed. This acid after its
contact with base solution will be neutralized and dissolved. Basically,
development process results in a neutralized reaction as PR is sprayed by
developer, and it is considered as a severe impact in terms of affecting line
width and white wall (Fig. 7.7). In this experiment, the development process
used is the same for all wafers. Data obtained through this arrangement can
be very accurate. After exposure, TMAH (Tetramethylammonium Hydroxide)

N(CH3)4+OH' is used to neutralize wafer by having PR going through



acid-base balanced reactions. The PR surface of wafer will produce different

shapes because of the light going through a reticle in generating a

cone-shrinking ratio of 4:1. When it is in positive focus, light will project onto

the wafer surface with a reverse cone-shrinking ratio of 4:1 causing CD bar to

have a shape of positive trapezoid (Fig 7.8. (b)), resulting from the usage of

positive PR. If +focus is in the range of greater than the permitted thickness of

PR, then CD bar has a shape of equilateral triangle. When it is in negative

focus, light will project onto the wafer surface with right circular cone-shrinking

ratio of 4:1, thus causing CD bar:to have a shape of reverse trapezoid. When

the negative focus is greaterthan the range of permitted thickness of PR, then

CD bar would collapse due'<to the lack of -support from bottom. In this

experiment, focus is restricted within the range of #0.1y m. Therefore, the

impact of focus on white wall is reduced to its minimum. Although this factor is

reduced, the occurrence of white wall will still take place. The reason is that

when TMAH is sprayed on the surface of PR, the reutralized reaction takes

place on the surface first, then it extends into the bottom. As a result, the

surface of PR has experienced longer time than that of bottom. Consequently,

the white wall of CD bar forms a taper side (Fig. 7.8).

= Conclusions



Due to the differences of the composition of sensitizer contained in each
PR, as a result, the sensitivity of each PR shows great differences according to
its characteristics. Sensitivity is an important factor in terms of absorbing light
when PR is exposed. However, photoresists with good sensitivity do not
produce the same good results consistently in terms of resolution. Therefore,
sensitivity becomes one of the important components of PR. For PRs having
the same sensitivity, their CD bars can be changed using different exposure
doses. High exposure dose not only makes CD bar smaller, but also causes
white wall to be relatively small. In other words, the side wall of CD bar
becomes more vertical. Nevertheless, too high of-e xposure dose can make CD
bar either unstable or even'-collapsible. It-is worth mentioning that both
exposure dose-line width and exposure dose-white wall appear to have the
linear relationship. Statistically, when R*>0.7, data is regarded as highly
correlated. In this experiment, our results indicate that R*>0.85, therefore, to

be considered as a linear correlation.

= | ist of Table
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Table 7.1 Sensitivity of photo-resist used in experiment

SEPR 451 SEPR-432 SEPR-450H
Sensitivity 13.15 mJAm2 10.57 mJAm2 6.71 m%mz
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Chapter 8
Analysis of the Effects of Reflectance and Refraction Generated by

Wafers Made from Fused Silica, AIO,N, and TiS,N, Under Different

Light Sources on Pattern Length and Best Focus

= Introduction

Wafer throughput in micro-lithography depends on the sensitivity of the
resist film to radiation. A lower exposure time required to produce a latent
Image in the resist correspondsito a higher.throughput'’ . The designed by
Watanabe et al. ®® showed thatthe focus margin for 0.3um lithography with a
KrF excimer stepper is £0.08um for DOF of £0.5um. It is possible for an ArF
excimer laser stepper to achieve 0.13um lithography with a DOF of +0.5um by
using the recently developed technique of super resolution. The wafer surface
profile is structure of the device and has irregularities of 0.3 to 1um. As optical
lithography will not reach the necessary resolution for future demands in
microengineering. Now lithographic techniques have to be ready to produce
nanostructures in a parallel way. Atoms with thermal kinetic energies have de
Broglie wavelengths in the picometer regime and so they do not suffer from

diffraction when focused down to a nanometer scale spot size. In the last
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decade the investigation of atom light interaction has shown, that the
trajectories of neutral atoms can be efficiently manipulated with laser light and
that optical elements for neutral atoms can be built using the resonant
interaction with laser light =~ .

The photolithographic process is further limited since a yellow light source
does not promote the resist to react chemically. Accordingly, photolithography
should be performed in an environment with a yellow light source. The
commonly used light sources in the stepper include the G-line, the I-line and
DUV (deep ultraviolet). The .G-line wavelength is ~436nm, the I-line
?=350~450nm, and DUV ?=100~300nm. DUV wavelengths differ according to

the laser gas composition: Kr=2=248nm, ArF 2=193nm and F, ?=157nm ° . In

this work, the DUV stepper’ s laser light source, KrF ?=248nm, was used.

=Experimental

This investigation used 1) fused silica, 2) AIO,N,, 3) TiS,N, wafers as
exposure materials and used these three different wafer materials as the
bottom reflective materials under a thin film of photo resist .This investigation
also divided the wafer surface into a lateral axis and direct axis using matrix

exposure. Various combinations of focus and exposure dose then were used
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to investigate the variations in wafers made from different materials using the
same photo resist.

The focus of PR (Photo Resist) varies with thickness and sensibility. To
obtain a reference point for the focus, this investigation used fused silica to
coat SPR 432 photo-resist before the experiment to adjust the focus of the
wafer via matrix exposure, and fixed the exposure dose at 35mJ/cm? (best
exposure dose). The focus value is assumed to be below+0.1um, which is
considered the best focus of experiment, focus is measured in relation to zero.
This investigation adjusted the exposure dose and focus via matrix exposure

to obtain the experiment results.

= Results and Discussion

Method used to obtain the best focus

Best focus is the diagram that is best similar with reticle and obtained by
altering the focus given fixed exposure dose. Best focus exposes 17 sets of
patterns on the surface of the wafer coated with positive resist (SEPR 432),
and each pattern setcomprises nine sets of horizontal pattern and nine vertical

patterns. Each of these nine sets of patterns comprises five rhombus patterns,
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and the ratio of length to width of these rhombus patterns in the reticle is 30:1.
The pattern shapes change with focus variation. The length of each rhombus
pattern is measured, revealing an association between long length and good
focus. The condition for the experiment to obtain the best focus is SEPR 432

Photo Resist, Exposure Dose =36 mJ/cm?, Exposure step=0.15pum focus

variation ranges from +1.4um to -1.4um.

Focus Exposure Theory

Figure 8.1 clearly illustrates.a cone shaped distribution and positive and
negative symmetry of light seurces from-the lens to the wafer surface. Given
focus=+1.4um and focus=-1.4pm ; the exposure area of CD Bar exceeds
focus=0um. Consequently, the size of CD Bar is not different given focus=0um
and focus=tl1l.4um. Pattern length is longest when focus=0um, because
exposure area is smallest and pattern length is shortest when focus=+1.4um
because exposure area is maximized. However, these phenomenon only
occur on positive resist. For negative resist opposite results are obtained.
Positive resist is characterized by the lighted area producing photo-acid and
alkali developer, which is eliminated following neutralization because of the

balance between acid and alkali. DUV light source has a cone shape
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distribution, and positive and negative symmetry exists between the lens and
the wafer surface. When exposure location is on the top of the cone, then this
investigation assumes focus=0um. The focus distance increases with the
distance of the exposure location from the top of the cone., The cone area is
smallest when focus=0Oum, and thus the lighted area is less than for
focus=x1.4um while the pattern length is longer or bigger. The lighted area of
positive resist increases given focus=z1.4um. Besides, probably because of
the serious defocus or the reduced capacity to display diagram borders,
pattern length is reduced and amirregular pattern forms given focus=+1.4um,
as illustrated in Figure 8.2=(a), (b) it is revealed that high wafer surface
reflectance can cause CD bar torsmaller at” TiS, N, wafers, and (c) low
reflectance makes CD bar become larger and wafer surface remain Photo
Resist. From Figure 8.3, it is found that line-width measured after exposed with
high dose is much smaller than that when exposed with low dose, When
exposure dose is low, line-width is wider than that exposed at high dose. This
can be attributed to the facts that at high exposure dose, the absorption of high
energy of PR enhances the reaction capability of neutralization. Therefore,
there will be more areas to be neutralized. Those impurities after neutralization

can be rapidly washed away by DI water. However, too high of exposure dose
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can cause line-width to become very small. As a result, the aspect ratio
becomes too large. Therefore, CD bar can’t hold back the turbulent force

caused by DI water as neutralized area is washed, causing CD bar to collapse.

Influence of Wafer Surface Materials on Best Focus Variation

When the variation of focus is confined within the scope of £1.4um, the
experiment found that wafers made from different materials produced different
focus variation even if they were coated using. the same SPR 432 photo resist.
From the comparisons of focus variation-curves-in Figure 8.3 (a), (b) and (c),
three kinds of wafers have different'materials‘and different best focuses even

given identical exposure and PR conditions. The best focus is 0.061um for

wafers with fused silica surface, 0.200um for wafers with  AIO,N,  surface,

and 0.061pm for wafers with TiS, N, surface. From the analysis of Figure 8.1 ,

when laser light projects into photo resist, the light go through the PR thin film
area and produces refractive and reflectance because PR comprises sensitive
doses. This investigation did not consider the influence of refractive and
reflectance in the thin film area on the experiment, because SEPR 432 PR was

required in all experiments. The reflectance varies with wafer surface materials.
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The experiment results found that the three wafers had different best focuses.

Comparing these three experimental conditions, reflectance=11.82% and best

focus=0.200um if the wafer is coated by AIO,N,, while reflectance=17.63%
and best focus=0.245um if the wafer surface is coated by TiS,N,. The
difference between the two reflectances is 5.81%, while that of best focuses is
only +0.045um. Comparing reflectances when using AION, and fused
silica as the wafer surface materials, the difference is only 0.26% but the
difference in best focus is 0.139um. Therefore, no necessary relation exists
between best focus and materialreflectance.”To analyze the influences on best
focus is the refractive phenomenon -of auto focus light sources. The
experiment used a halogen lamp~as an auto focus light source because
halogens light source refractive phenomenon caused the light source to refract
at an angle when the sensor received the plane with the best focus.
Consequently, the planes of best focus differ for different materials. After
reflecting different wafer materials with halogen light sources, this investigation
found the planes of auto focus via PR film refraction, as follows: fused
silica=0.023ym, AIO,N, =0.199um, TiS, N, =0.210pm. The factor of
influence on best focus thus is the refraction on the wafer by the auto focus

(halogens lamp) light source, not the reflectance on the wafer by the exposure
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(laser) light source.

Influence of Wafer Surface Materials on DOF (Depth of Focus) Variation
DOF indicates that focus changes under fixed exposure dose; that is, focus
changes from positive to negative with zero as datum. The experiment can
accept some values within a certain scope. The scope of focus in the
experiment is +1.4pm. Any measured point in this scope is considered
acceptable by the experiment. From Figure 8.4, wafers made from different
materials, even given identical PR and exposure conditions, obtain different
DOF. Improving imaging effects requires deeper DOF. From Equation (1),

possible influences on DOF include wavelength (?), numerical aperture (NA)

and K,(K,= NA%). Meanwhile, from Equation (2), the only method of
changing DOF under the same conditions of NA with ? is to control K,.
Previously, many researches in this field proposed only that potential
influences on DOF include photo resist and some process parameters.
However, this investigation found that wafer surface material is an important

influence on DOF. Three kinds of wafer are compared, with exposure

dose=56 mj/cm?® , fused silica DOF=0.9um AIO,N, DOF=1.2um and

TiS, N, DOF=0.75um. Wafer material influences the results of DOF.
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Kol

DOF = (KPR + Kwafer surface material + Kother )W Eqn (2)

Influence of Exposure Dose on Pattern Length Variation for Different
Wafer Surface Materials

From Figure 8.4, exposure dose is a key influence on pattern length. This
researcinvestigation found that pattern length decreased with increasing
exposure dose, regardless of wafer material:.From the mutual comparisons in
Figure 8.4, wafers made from three different materials display different pattern
lengths given the same exposure ‘dose. However, these wafers display the
same curve trends. Given the same PR thickness, the most import influence
on pattern length is PR sensitivity. However, because the experiment used the
same PR, this investigation did not consider the influences of sensitivities on
the experiment results. To reduce the influence of PR film on the experiment
results, the PR film of these wafers is limited to 65004200 A and the
homogeneity of PR film is 3 sigma<0.03um.

Figure 8.4 selects the best focus for analyzing the relationship between

exposure dose and pattern length. The same exposure dose is compared for
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different wafer surface materials, with exposure dose=26 mJ/cm? and
56 mJ/cm? being selected as the analytic condition. Given exposure
dose=26 mi/ecm? , fused silica wafer pattern length X=12.622um and
Y=12.339um AIO,N, wafer pattern length X=12.850um and Y=12.365um

and TiS,N, wafer pattern length X=9.257um and Y=8.327um. Pattern

lengths X and Y indicate the longest measures of 1:30 rhombus pattern
measured on wafer surface under vertical and horizontal exposure,

respectively. The measurements of pattern lengths X and Y differ because of

the astigmatism. Fused silica reflectance=12.03%, AIO,N,
reflectance=11.82%, TiS, N reflectance=17.63%. The reflectance of fused
silica/ AIO,N, is 1.017, while‘the value-of pattern length X of AIO,N, /fused
silica is 1.018, and the value of Y is 1.00. The reflectance of fused silica/
TiS, N, is 0.682, the value of pattern length X of TiS, N, /fused silica is 0.733,
and the value of Y is 0.674. Given exposure dose=56 mJ/cm?, pattern length X
is 7.931um, fused silica wafer Y=7.699um, AIO,N, wafer pattern length
X=8.930um Y=8.263um, and TiS,N, 6 wafer pattern length X=4.947um
Y=4.494um. The value of pattern length X of AIO,N, /fused silica is 1.125,

while the value of Y is 1.073; moreover, the value of TiS, N, /fused silica

pattern length X is 0.623, while the value of Y is 0.583. The experimental data
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demonstrates that an inverse relationship exists between reflectance and

pattern length; pattern length decreases with increasing wafer surface

reflectance, while energy reflected by the wafer surface increases. The energy

absorbed by the photo resist increases reflectance, enabling PR to absorb

more energy and decreasing pattern length.

The pattern length measured by high exposure dose is less than that

measured by low exposure dose. The key reason for this difference is that the

PR is made of sensitive materials which produce a more sensitive reflection on

encountering strong light. When2using high exposure dose, PR absorbs high

energy and enhances the neutralization capability. Therefore, more areas are

neutralized and impurities are "‘quickly washed out by DI water.

Astigmatism

From Figure 8.4 (a), (b) and (c), pattern lengths X and Y are different,

meaning that the curves of the active line and the dotted line do not overlap.

Pattern lengths X and Y indicate the longest measurements of a 1:30 rhombus

pattern on the wafer surface under vertical and horizontal exposure,

respectively. A difference between the measures indicates that the focuses of

lenses X and Y of the Stepper exposure machine do not share the same
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location, causing the experimental difference in the X and Y focuses, which is

an unavoidable error. The only way to solve the problem of astigmatism is to

enhance the lens quality or turn the lens angle to the optimum area of the X

and Y ball surface of the lens. Figure 8.4 has given the phenomenon that

different exposure materials cannot improve astigmatism. The observed X/Y=1

in some areas do not mean improved astigmatism because the change of

focus may reduce the measures. Precise measurements of astigmatism

should use best focus as areference point.

=Conclusions

The components of photo: resist influence the measures of best focus.

However, the experiment found that the same PRs coated on the wafers of

different materials and also influence best focus. The PR focus shift results

mainly from sensitivity, while the wafer focus shift results from the refraction

factor. Pattern length changes according to measured exposure dose.

However, pattern length also changes if wafers made from different materials

are exposed under the same exposure dose. The experiment found that wafer

reflectance was a key factor. An inverse relationship exists between

reflectance and pattern length, with wafer reflectance increasing with
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decreasing pattern length. The more reflectance, the more energy will be
reflected by wafer surface. The reflected energy is absorbed by photo resist.
Consequently, energy absorption by PR increases with increasing reflectance,
thus reducing the pattern length. To prevent these two effects, the wafer
surface can be coated with a layer of totally reflective photo resist. Industry
currently is using the photo resist of bottom ARC (Anti-Reflection Coating), but
the reflectance of bottom ARC is approximately 60~70% and cannot be

improved. Presently, improvements in this field are being researched.
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Light source Photo Resist Surface Reflectance
Reflectance of TiSixNy wafer Surface
Reflectance of AIOxNvy wafer Surface

Reflectance of fused silica wafer Surface

Figure 8.1 Stepper Exposure Diagram, Best Focus Locations following

Refraction on Phg afer Surface by Auto Focus

Light Source.
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Fig 8.2 (b)
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Fig 8.2 (c)

Figure 8.2 Observed with the Applied Materials SEM at a scanning angle of
+45°,(a) Fused silica wafer Exposure Dose=46 mJ/cm? and

focus=0.0um, (b) AIO Exposure Dose=56mJ/cm? and

focus=-0.45um (€)yTiSi, B posure Dose=56 mJ/cm? and

focus=-0.15pm.
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Fig 8.3 (b)

Figure 8.3 Collapse of CD bar for (a) AIO,N, wafer at exposure dose of 56
mJ/cm2 and focus=-0.65um (b) TiS N, wafer at exposure
dose of 56 mJ/cm2 and focus=-0.45um, picture taken by

Applied Materials SEM Vision.
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Figure 8.4 Pattern Length Focus Process Latitude Smiley Curve Obtained by

Deep UV Together with SEPR 432 Photo Resist from Wafers

Made using (a) fused silica, (b) AIO,N, or (c) TiS,N, via

Matrix Exposure.
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Chapter 9

Conclusions

The stability of nano photo-lithography is the key factor of success and the

reticle is one of important factors. The reticle currently used in manufacturing

industry is very expensive and the effect of heatradiation is not good. In the

past micron process era, reticle needed not function of heat radiation because

the microscale thermal shape-changing is tolerable for micron. But in nano era,

microscale shape-changing of reticle may cause the decline of wafer yield. So

we took advantage of characteristics of thermal conductivity of diamond b

solve the problem of thermal-effects. However, while the increasing of diamond

film on reticle solves the problem of thermal effects, it also reduces the

intensity of light that penetrates through reticle. Until today, we still have not yet

developed technology that enables light to penetrate diamond completely. As

soon as there is a breakthrough, diamond film reticle may be applied to entire

manufacturing technology of semi-conductor lithography.

In the thesis, we compare relations of focus and exposure dose that were

made from same materials and reflectance and refraction that were made from

different wafer materials with line width and white wall to respond reference

factors of future nano manufacturing process. The results of experiment found
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that focus would affect line width and form a curve that had symmetry of

positives and negatives while different wafer materials would enable optical

beam to generate reflectance and refraction that in turn enable best focus to

generate shift. Therefore, the control of focus in the nano manufacturing

process should be very strict. Besides, in the research of effects of exposure

dose on line width and white wall, we found that there were correlations among

exposure dose, line width and white wall. High exposure dose may lead to the

smaller line width and white wall. The relationship of variation among them

was decided by sensitivity of photo resist.
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