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ABSTRACT

This thesis meets the problems of photoresist characterization by (1)
introduction of a flexible, physically-based, model for the development
behavior and (2) construction of a measurement system for precise

determination of exposure and deve]opment parameters.

The model describes the development of positive photoresist over the
full range of exposure. The model includes the depth dependence of
development rate and is capable of fitting measured data of all resists

examined to date.

Several types of photoresist and developer systems have been
characterized under a number of processing conditions using the meas-
urement systems. The effects of the development model parameters on
developed resist profiles are illustrated using simulation. Furthermore, a
simple design algorithm is introduced to enable the selection of process

condition to achieve specific desired linewidth and edge slopes.



To my Father and Mother



ii

ACKNOWLEDGEMENT

I wish to express my sincere appreciation to professor William G. Old-
ham for his guidance, enthusiasm, and support throughout this research.
I would like to thank professor Andrew R. Neureuther for his support ‘and
helpful discussion and to professor Eugene E. Haller for his reading this

thesis.

Several fellow students gave needed assistance, especially Sharad
Nandgaonkar in the SAMPLE groﬁp. I am also be grateful to all members
of Electron Research Laboratory, particularly Darothy McDaniels, Donald
Rogers, Robert Hamilton, and Kim Chan. The assistance from the people

in machine shop was very helpful.

The patience, encouragement, and support from my parents in Korea
are fully appreciated. Without their understanding this work could not be
completed. Finally, I wish to thank my wife for her every support at

home.

Research sponsored by the Air Force Office of Scientific Research (AFSC)
United States Air Force under Contract No. F49620-79-C-0178.



TABLE OF CONTENTS

Chapter 1  Introduction
1.1 Introductory Remarks
1.2 Resist Materials and Processing

1.3 Photolysis of Positive Photoresist

Chapter 2 Measurement Systems for Resist Characterization
2.1 Imtroduction
2.2 Exposure System

2.3 Development System

Chapter 3 Development of Positive Photoresist
3.1 Introduction
3.2 Dissolution Rate Equation
3.3 Derivation of Model Parameters
3.4 Resist Development

3.5 Resist Contrast

iii

(1)

(10)

(34)



Chapter 4 Surface Rate Retardation.

4.1 Introduction

4.2 TFunctional Characterization of Surface Rate Retardation

4.3 Suriace Rate Control

Chapter 5 Design Algorithm for Resist Features

5.1 Introduction

5.2 Simplified Development Algorithm

5.3 Design Algorithm

5.4 Results
Appendices
A The BASIC Program for Exposure
B The BASIC Program for Development
C Resist Parameter Tables
D Example of Resist Profile Simulation (SAMPLE)
E The FORTRAN Program for the Design Algorithm

iv

(61)

(77)

(90)

(106)

(127)

(128)

(132)



CHAPTER 1
INTRODUCTION

1.1 Introductory Remarks

The lack of a quantitative characterization of photoresist has inhi-
bited the full potential of high resolution optical lithography. An analytic
model and its parameters which completely describe resist behavior are
useful in various ways from measuring quantitative differences between
different resist processes to simulation of resist profiles under a number
of process conditions. This thesis introduces a comprehensive develop- '
ment model and an accurate measurement system for resist characteri-
zation. It also presents a large amount of resist data-and describes a

design algorithin for resist features.

The first chapter is an introduction starting with a brief description
of the photoresist materials. The photoresist’s composition and its gen-
eral processing in pattern transfer will be described. It is followed by a
discussion of the photochemistry which is involved in resist exposure to

U.V. light.

Chapter 2 discusses the details of the experimental technique to
obtain the information about the photoresists. It is separated into two
parts: exposure and development. Exposure is an optical process which
alters the photoresist. Development is a surface dissolution process
which removes the photoresist at a rate which depends upon the degree
of alteration. The measurement systems will be described. They are
entirely computer-controlled by software. -Details about the software will

also be discussed.



In Chapter 3 an engineering model which describes the resist
development behavior is introduced. The model includes the depth
dependence of resist development as well as exposure dependence.
Several resists are characterized. The model equation is fitted to the
development rate data, showing good agreement between the theory and
the experiment. Using the model parameters the resist profiles are
simulated under a number of different processing conditions. Also the
resist contrast is demonstrated for various types of resist and developer

systems.

Chapter 4 deals with the rate variation at or near the resist surface,
previously observed by several authors.!'? In this chapter the rate varia-
tion will be divided into two categories: "surface-induction” and "surface-
retardation"”. The surface-induction is defined as a simple time delay at
the resist surface before significant dissolution occurs, and the surface-
retardation is deﬁnéd as a continuous slowing down of the development
rate near the resist surface. Some photoresists exhibit a strong surface-
rate-retardation. The possible physical mechanism for the surface-

retardation will be discussed.

Finally, Chapter 5 introduces an algorithm for design. Normally
resist profiles have been easily simulated for a given resist and developer
system using SAMPLE.3 The design algorithm enables us to obtain a recipe
for a desired resist profile by rapidly simulating a variety of resist pro-
cessing conditions. In this chapter an efficient way of finding the right

process for a resist slope given by a user will be described.



1.2 Resist Materials and Processing

Positive photoresist consists mainly of three components: sensitizer,
resin, and solvent. The sensitizer is photoactive compound (PAC) and
becomes reactive after the absorption of the light energy, typically at
U.V. wave length. After the absorption of the light energy the PAC
molecule is said to be in the 'excited’ state. In this state, no physical
change has occurred but the molecule is capable of undergoing reaction
which would be unlikely to occur at its normal state. The reaction

depends upon the types of resist and its environmental conditions.

The base resin is an organic material which is not sensitive to U.V.
exposure. The primary functions of the resin are film making and etch
resistance. The solvent keeps the sensitizer and resist system in a liquid
form for easy application. In addition to these materials the resist sys-
tem can incorporate additives, for example, as preservatives or as adhe-

sion promoters.

Typical photoresist processing is illustrated in Fig. 1.2.1. The pho-
toresist is spread on a substrate by means of a spinner. The spinning
speed and time are selected in order to produce a uniform resist coating
over the entire substrate. After application the resist is still soft because
it contains a large amount of solvent. This solvent is mostly evaporated
at the prebaking step. The prebake conditions vary from 70 ° C for an
hour to 120 ° C for 45 seconds depending upon the resist type and the
baking equipment used. |

After the prebake the resist is exposed to U.V. light. For an image
transfer onto resist a mask is placed between the light source and the
resist. The amount of exposure dose directly aflects the resist develop-

ment behavior by destroying the photoactive compound in the resist.



The exposed resist is dissolved in a developer. The resist perfor-
mance is greatly affected by both the types of developer solutions and

development temperature.

There may be additional steps before the development. In some
cases the resist surface treatment before or after t’he exposure alters the
resist behavior resulting in a special image profile for certain applica-
tions.*® An additional baking step after exposure and before development
may also affect the resist features through diffusion of the PAC. After the
development the resist is often baked again at higher temperature for

better adhesion.

1.3 Photolysis of Positive Photoresist

This section describes the photochemical reaction of positive-working
photoresist. Most commercially available positive photoresists involve
the use of naphthoquinone diazide. Further details can be found in the

references .88

After the evaporation of the solvent the resist primarily consists of
sensitizer(PAC) and resin. For positive resist the sensitizer is one of the
derivatives of compounds variously called diazo oxide or orthoquinone |

diazide. The sensitizer has a chemical structure as shown in Fig. 1.3.1.

Fig. 1.3.2 shows the summary of the photochemical decomposition of
positive photoresist. When the resist is exposed to U.V. light the PAC
absorbs the light energy and immediately transforms into ketene by
releasing nitrogen gas. This ketene is very reactive. At room tempera-
ture it experiences two types of reactions depending upon the atmo-

sphere. In the normal humid environment the ketene is transformed into



carboxylic acid. By the presence of this acid the resist is very soluble in
an aqueous basic developer. If the photoresist is exposed in vacuum
atmosphere where there is no water available the ketene reacts with the
resin and forms an ester. This product is not very soluble in normal type
of developer. In unexposed resist the resin is rendered less soluble by a

local cross-linking between the sensitizer and resin in basic atmosphere.

Under practical development conditions the exposed areas are
developed very fast and the unexposed areas are developed even slower
resulting in a high contrast image. As an example, for AZ1350J positive
resist the dissolution rate of the resin only is about 10 to 20 nm/sec.
With the sensitizer the rate is reduced to below 1 nm/sec. In contrast
the rate for exposed resist increases to above 200 nm/sec due to the
large amount of carboxylic acid present in the resist. As implied in Fig.
1.3.2 the development rate can be described as a function of the amount
of the transformation from sensitizer to carboxylic acid. Thus it is
important to exactly determine the amount of the photo-produced acid
(PPA). The amount of PPA can be experimentally determined normalized
to the initial concentration of sensitizer(PAC). The normalized concen-
tration of PAC remaining after the exposure which is denoted M can be
calculated. by measuring the transmittance as a function of exposure
time. The measurement technique and.experiment.al apparatus are dis-

cussed in next chapter.
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CHAPTER 2

MEASUREMENT SYSTEMS FOR
RESIST CHARACTERIZATION

2.1 Introduction

Various authors!~® have reported the measurement systems for the
characterization of photoresist. The first of these, the I0TA system
designed by Konnerth and Dill'? is elegant and accurate. However, the
IOTA instrument is not commercially available, and the data acquisition
time is iimited by the technique used of wavelength scanning. Recently
Perkin-Elmer® announced a multichannel development rate monitoring

system. It should be available sometime in 1984.

The following describes an entirely computer controlled measure-
ment system which is accurate, simple, inexpensive, and has a high data
acquisition rate. The measurement system is separated into two parts :
the exposure system and the development system. The exposure system
is based on Dill's analysis of the exposure of positive photoresist®. The
transmittance variation during exposure is used to define the state of the
resist. The data are recorded via an IBM/PC. The exposure parameters
A, B, and C, and the status tag, M, (normalized concentration of PAC
remaining in the exposed resist) are computed. The development system
utilizes a He-Ne laser at 633 nm. It measures the film thickness
inteferometrically and the reflectivity from the resist film is recorded on
the IBM/PC during the development. The program for the development

automatically finds the dissolution rate at any depth in the resist.
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2.2 Exposure System

In the original work of Dill et al® the exposure of positive photoresist
was described by three parameters (A,B,C) and a status tag M (normal-
ized concentration of PAC). For a resist film on a glass substrate whose
refractive index is matched to that of resist the light intensity change, Al,

within a resist thickness, Ax, is simply given by

9’—&—-“—: —al(z,t) | (2.2.1)

where a is the absorption coefficient of the medium. For positive pho-

toresist a is given by

a=AM(z,t)+ B (2.2.2)

where A is the absorption coefficient of the bleachable components and B
is the absorption coefficient of the non-bleachable components. M(x,t) is

given by

¢
M(z,t) = exp(~C[I(z,t')dt") (2.2.3)
0

where C is a light sensitivity parameter. PAC decays exponentially with
the dose as seen in equation (2.2.3). Equations (2.2.1) and (2.2.3) can also
be solved for I(x,t) and M(x,t) by straightforward numerical integration

once A,B,C and I(0,t) are specified.

These A,B,C parameters are directly determined from the transmit-
tance data for a bleached resist. The internal transmittance, T, of a

resist film is given by integrating equation (2.2.1) as



d
T(t) = exp(— { (AM(z ,t)+B)dz) ‘ (2.2.4)

where the integration extends over the resist thickness, d. This leads to
a set of asymptotic relations for A, B, and C parameters based upon the
transmittance of a resist film at the beginning and the end of full expo-

sure, and the initial rate of change of the transmittance.

A= }i—ln(T(co)/ 7(0)) (2.2.5)
B = :11__11-17'(00) (2.2.6)
c A+B a7(0) (2.2.7)

. = A0,H)TO)(1-T(0) d

Instrumentation

A schematic diagram for the exposure system to measure A, B, and C
parameters is shown in Fig. 2.2.1. A mercury lamp is used as exposure
light source with 200 watt power supply. The exposure beam is carefully
aligned to produce the maximum uniform intensity at the surface of a
resist sample. An optical filter with narrow band pass at 436 + 0.5 nm is
used for monochromatic illumination. This monochromatic light passes
through the beam splitter (a thin glass substrate) and exposes the resist
film. The intensity of the beam transmitted through the resist sample is
detected by the signal diode and recorded in the computer. In general,
the source light intensity varies with time. To monitor the source the
light reflected from a beam splitter is detected by another photodiode.

This reference beam intensity is also recorded in the computer.

The output current of the photodiode is first converted to voltage

with a simple trans-resistance amplifier. A calibrated photodiode is used

12
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_for the light intensity measurement at the input of the amplifier. Typi-
cally, the noise level is less than 2 mV at the gain of 20 Mohm. The output
of the amplifier goes to an A/D converter within the IBM P/C hardware.

Software

The program codes written in BASIC for the exposure measurement
system are EXPOSE.BAS and ABCMX.BAS. The following describes the
functions of each program. The listings of these programs are found in

Appendix A.

EXPOSE.BAS

The function of the EXPOSE.BAS is shown as block diagrams in Fig.
2.2.2. Each block controls two A/D converters’ simultaneously at a
preset time interval and collects the intensities from both the signal
diode and the referencé diode. In the first block the light intensity at the
position of resist surface is measured without a resist sample. The aver-
age intensity ratio of signal to reference is calculated. In the second
block the reflectance at the resist surface is similarly measured by tak-
ing transmitted intensity with a blank substrate. In the third block the
transmittance with a resist sample is measured. The resist film on a sub-
strate with matched index of refraction is placed on the sample holder.
The shutter is opened for a desired exposure time. This routine allows
data collection up to 10 different periods with different time interval in
each period. The time interval and the number of data points can be
given for a flexible data collection: more data points for fast-varying sig-
nal and less data points for slow-varying signal. For the complete bleach-
ing of resist, for instance, one can separate data collection into three

different periods: the first period with small time interval (minimum is



- 0.02 sec), the second period with an intermediate, and the third period
with large time interval (maximum is 99 sec). This flexibility is useful for
a small computer which is slow and has limited memory space. The
transmitted signal intensity and the reference intensity at the resist sur-
face (air) are stored for the calculation of A, B, C parameters and M value

at every depth of the resist.

ABCMX.BAS

This program calculates transmittance from the data stored by
EXPOSE.BAS. Then, with known resist thickness (The resist thickness is
measured by the development rate measurement system which will be
discussed in next section), it calculates A, B, C parameters and M value at
any position within the resist film. The main features of the ABCMX.BAS
are shown in Fig. 2.2.3.

The stored data are read first and the exact amount of exposure dose
is calculated by integration of the light intensity with respect to time
during the shutter-open. The transmittance is obtained by the ratio of
the signal intensity to the reference intensity at the resist surface at
each time of data collection. The PLOT-TR routine plots the transmit-
tance data vs exposure time as shown in Fig. 2.2.4 for a resist sample. As
exposure increases (t>0) the transmittance increases due to the destruc-
tion of PAC by the light. From this transmittance curve A, B, and C
parameters are estimated in the EST-TR routine. The A is estimated for
the first point and the B for the last point on the curve. The C is
estimated by several points in the beginning through standard linear
fitting.®

In the CAL-TR routine the theoretical transmittance is calculated by
numerically solving the two equations (2.2.1) and (2.2.3). The photoresist

14



thickness is divided by N for the numerical integration. The number of
division is given by 10 since in a non-reflecting medium the exposure
intensity decreases monotonically with distance(x) and it is well approxi-
mated by a linear function of x for a thin layer of resist film. The expo-
sure intensity variation with x and the division of the resist film is shown
in Fig. 2.2.5. The light intensity after the first layer is calculated and the
M value is updated. This calculation in pairs continues for the next divi-
sion until the last layer is reached. This pair-calculation only needs one
dimensional array and is desirable for small computer whose memory
space is often limited by the size of the two dimensional array. This pro-
cess is repeated for each of the intensity vs time data. The last array of
M gives the M value at each division of resist thickness for the given expo-

sure dose.

The theoretical transmittance is compared with the experimental
data in the REFINE-ABC. A simple algorithm for the refinement of A, B,
and C values is as follows. The experimental data is so accurate that the
estimate already gives MSD below 1073, To reduce the MSD further the C
value, for example, is increased or decreased keeping the other A and B

values unchanged. The increment (dC) is given by the square root of the

previous MSD:
dC=SQR(MSD)
Thus the increment itself is varying. The new estimate (CE) is given by
CE=C*(1+dC)

The sign of the increment is so chosen as to reduce MSD. Initially the C is
given by the estimate from the transmittance data. Whenever the CE

produces minimum MSD the C parameter is updated by the CE value. If

15
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MSD is not reduced by the CE more than 5% it is decided to refine another
parameter A or B in the same manner. This refining process ‘continues
until MSD is reduced to 10™%. The calculated transmittance and the

experimental data are displayed on the screen for a visual comparison

(Fig. 2.2.4).

For a partially bleached resist the B value is not computed, rather it
is taken from a fully exposed sample.‘ The M values are calculated for all
samples with various exposure levels. The M value variation during the
exposure is plotted against depth with dose as parameter in Fig. 2.2.6. As
expected the M values decrease with increasing exposure doses. At any
dose the M values increase with increasing depth since the exposure
intensity is decreased due to the absorption of the light by the photoac-

tive compound.

2.3 Development System

Consider a thin layer of transparent resist film with thickness d and
refractive index ny surrounded by non-absorbing mediums of refractive
indices n; and ng, and suppose that a plane wave of monochromatic
coherent light is incident upon the layer at angle ¥,. As shown in Fig.
2.3.1 the ray OA represents the direction of propagation of the incident
wave (wavelength A;). At the first surface this wave is divided into two
pl_ane waves, one reflected in the direction AD and the other transmitted
into the layer in the direction AB. The latter wave is incident on the
second surface at angle ¥, and is there divided into two plane waves, one
transmitted in the direction BE, the other reflected back into the layer in

the direction BC, and the process of division of the wave remaining inside
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the layer continues at the point C.

For a linearly polarized electric field, with electric field vector either
parallel or perpendicular to the plane of incidence, the total reflected

intensity, I, from the first surface can be calculated as

R{+Ro+2~/RRscos(kd(t))

t)=1
L{t)=1 14+R R,—2N/R Rycos(kd(t))

(2.3.1)

where [, is the incident beam in medium 1 and R; and R, are the
reflectivities from the first and the second interface, respectively. Resist

thickness, d(t), is a function of time. k is defined as

2c0sUVz ' (2.3.2)

&

]l

3
,?‘J;»

If the reflectivities from the interfaces are much smaller than unity equa-

tion (2.3.1) can be reduced to a simpler form.

L(t) ™ L, (R +Ro+ 2R Racos(kd (£))) ' (2.3.3)

A linearly polarized electric field which is arbitrarily placed on the plane
of incidence can be resolved into components parallel and perpendicular
to the plane of incidence. The sum of each intensity does not change
since two light beams polarized at right angle to each other do not inter-
fere. A more convenient expression for the reflected beam intensity, I(t),

is given by

T(¢) R Ipn + Iw—;lﬂ(l + cos (kd(¢))) (2.3.4)

During the development the intensity varies sinusoidally between I,,, and

Imin with resist film thickness.
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Instrumentation

Fig. 2.3.2 shows a schematic diagram for the development rate meas-
urement system. A resist sample is loaded on the development cell and is
illuminated from the back side of the transparent substrate by a linearly
polarized He-Ne laser beam at 633 nm. This avoids the problems associ-
ated with propagation through the turbulent and partially opaque
developer fluid. The reflected beam only from the resist film is detected
by a photodiode. The diode current is amplified through current-voltage
converter which is similar to the one for the exposure system. The vol-
tage output is recorded in the computer during the development. A lens
is used to reduce beam size down to 50 um to avoid the intensity reduc-

tion due to resist striation.

More details about the development cell are shown in Fig. 2.3.3. The
substrate is placed upside down on the development cell and held in
place by means of vacuum. The developer is equilibrated in a tempera-’
- ture bath. The 'develo'per is pumped through the field area slot (1/8 by
1/8 inch) past the surface of the substrate. The development tempera-
ture is monitored by a thin thermocouple wire inserted into the develop-
ment cell. The liquid velocity in the channel may be varied over the

range 0.5 to 100 cm/sec.

Software

The BASIC codes for the development system are DEVELOP.BAS,
PEAKNOIS.BAS, and RATEX.BAS. The codes are listed in Appendix B.

DEVELOP.BAS

This program takes reflectivity variation during the development by

controlling only one TECMAR A/D converter’ and stores the raw data for
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the rate calculation. The data taking procedure, in principle, is the same
as that of the EXPOSE.BAS. The maximum data collection rate is limited
to 0.02 second per data point with a safety margin. With this time inter-
val development rates up to 2 um/sec may be measured. For slow
development rates, the data are plotted during collection. The maximum
data collection rate for the plotting is set at 0.04 second per data point,
again with a safety margin. Typical reflectivity variation plotted during
the development is shown in Fig. 2.3.4. The intensity drop indicates that
the developer is introduced in the development cell. As the development
progresses the reflectivity varies sinusoidally with resist thickness varia-
tion. When all the resist is removed the reflectivity does not chaﬁge any.
more. The actual envelope of the sinusoids sometimes decays with depth
due to a non-uniform thickness during development. In such cases the

local I and Iy in each period are applicable to equation (2.3.4).

PEAKNOIS.BAS

This program finds the local In.y and I, in each period of the
reflectivity variation. It also removes noise from the data. For simplicity
and accuracy of the data reduction with moderate speed the

PEAKNOIS.BAS combines computer analysis with human intervention.

Every data point is plotted on the screen. A stretching line is seen on
the screen and scans through the data points. When the line passes by
the peak point the operator stops the scanning by hitting any key on the
key board. Then the largest number is found around the point at which
the scanning is stopped. This procedure continues until all I,y and I,
are found. While scanning an extraordinary gap or a jump between the

two adjacent points may be detected. The operator is asked if it is noise
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or not. The noise points are replaced with new points which are deter-
mined by the curve fitting to several points around the noise points. The
fitting is done by the standard second order polynomial® excluding the

noise points.

RATEX.BAS

This program calculates development rate at any depth of resist.
First the thickness is calculated at every development time according to
the equation (2.3.4) with the local Ipn.y and I, obtained by the
PEAKNOIS.BAS. In Fig. 2.3.5 the thickness variation derived from the raw
data is plotted against the development time. In order to obtain the
development rate the development time is divided into several sections.
In each section the thickness data are fitted to a parabolic function of

time:

d(t) = ag+ a;t + ast? (2.3.5)

The standard curve fitting® for second order polynomial by the least
square error method is employed. The size of the segment is automati-
cally adjusted such that the mean square error is less than 107° in each
segment. Finally the derivative dd(t)/dt is taken at each time. The time
is converted to the corresponding thickness by equation (2.3.3). As an
example the rate at every 0.01 um is shown in Fig. 2.3.6. In this example
the development rate is slow at the surface, increases with depth, and
decreases again beyond a certain depth. At the surface the development
rate is supposed to be highest because the exposure light intensity is
highest there. But actual development rate is lowest at the surface. This
is due to the surface-rate-retardation which will be discussed in Chapters

3 and 4.
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CHAPTER 3
DEVELOPMENT OF POSITIVE PHOTORESIST

3.1 Introduction

In order to quantitatively simulate photolithography, accurate
models and sets of model parameters are required for various resists,
developers, and processing conditions. In their pioneering studies of
positive photoresist Dill, et al,*®* proposed a simple model for exposure
and development. They proposed the parameters A, B, and C to define
the status of exposed resist in terms of a normalized concentration (M) of
photo-active compound (PAC). They also described the resist develop-
ment behavior using a polynomial fit to the logarithm of rate versus M
- with the parameters E,, E, and E3 defining the polyﬁornial. Other polyno- '
mials® and Fermi-Dirac distribution functions* have been proposed. To
the best of our knowledge all of these functions are somewhat inadequate
because they do not describe the rate over the full range of M or the rate
variation near the surface. Several other papers have reported the
importance of the retardation of the development rate near the surface

and proposed various models to include the depth dependence®”.

This chapter introduces a new comprehensive model which describes
the development behavior for positive photoresists as a function of depth
and M over the full range of exposure. Model parameter values derived
from development rate data are given for several resist and developer
systems under various processing conditions. In Appendix C lists all

resist parameters up to date.
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3.2 Dissolution Rate Equation

With sufficient agitation (which depends on exposure) the develop-
ment of positive photoresist can be surface reaction-rate limited, and
therefore describable by a kinetic function which depends on the state of
the resist, the development chemistry, and the temperature. Dill et al
defined the state of the resist by the parameter M, a normalized concen-
tration of PAC remaining after exposure, and described the development
behavior of AZ1350J resist only as a function of M, holding the develop-
ment chemistry and temperature constant. In later studies they showed
the presence of a surface effect® in which either there was a delay before
the onset of dissolution or the region near the surface has a reduced dis-
solution rate. We will call the former phenomenon ’surface-induction’
(the time delay before development starts) and the latter 'surface-rate-
retardation’ (the retardation of dissolution rate near the surface com-

pared to the dissolution rate in the bulk).

With a retardation effect it is necessary to account for the depth
dependence of development rate in a more fundamental way. A new

development rate model is needed satisfying several conditions:

(1). The function should be analytic and fit the data over the full range of

M from zero to one at any position in the resist.
(2). The number of parameters should be minimized.
(3). The parameters should have physical significance if possible.

(4). The parameters should be easy to extract given a set of rate data.

We have chosen to retain the product formulation in which the retar-

dation of the development rate near the surface is used as a multiplier
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f(z,M) to the bulk development rate Ry:

Rate (z,M) = f (2, M) Ry (M) (3.2.1)

This product formulation is simple in both conception and implementa-
tion for modeling of surface-retardation. It is further attractive physi-
cally since we have found that the depth dependence is independent of M,
that is f(z,M) can be further separated into individual functions of z and

M2

Bulk Development Rate :

The simplest model for bulk development must account, at least, for
two processes: (1) the dissolution of base resin modified by the presence
of photo-active compound (PAC) and (2) the dissolution of base resin
modified by the presence of reacted PAC (largely carboxylic acid, here
denoted PPA for photo-produced acid). The state parameter M is essen-
tially the relative concentration of PAC remaining; similarly 1-M is the
relative concentration of PPA. In unexposed photoresist, the presence of
PAC slows the development in comparison with a pure base resin. On the
other hand in a moderately exposed state, the PPA greatly enhances the
development rate, again in comparison with a pure base resin. Conceptu-
ally the development may be viewed as the dissolution of the various frac-
tion of the resin-PAC and resin-PPA system. The simplest case of combin-
ing the processes is to consider an incremental thickness of resist dz and
add the times to dissolve the resist fractions. This approach has led us to

the following form for the bulk development rate function Ry, :

= + (3.2.2)
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The parameters R, and R, are the simple limiting rates for fully exposed
resist and unexposed resist, respectively. The function P describes the
enhancement of development by the presence of PPA. We have chosen a

function given by

P =exp(—-R3(1-HM)) (3.2.3)

where Rj is a sensitivity parameter, which is a measure of how fast the

development rate increases as the exposure increases. The combination

of equations (3.2.2) and (3.3.3) gives

1
Ri'(1-Mezp (-R3(1-M))) + R Mezp (~R3(1-H)) (3.2.4)

Ryux =

Equation (3.2.4) describes the bulk development rate over the full range
of exposure from M=0 to M=1. At M=0 and M=1 Ry, reduces to its two
limiting rates R; and R,. This satisfies the requirements stated above.
Without M in front of the exponential term Equation (3.2.4) can be
reduced to the similar form of the Fermi-Dirac distribution function
which was proposed earlier by Brochet et al.# (but which is unable to fit
the data over the wide range of conditions described below). Equation
(3.2.4) has the minimum set of parameters which can descr.ibe the disso-
lution of a two-component mixture. In the event that the effective
number of components is increased, more parameters are required. For
example, if additives or processing is used to direct the exposure-product
pathway to a mixture of organic acid and ketene,!° at least one more

parameter would be required physically.



Surface Rate Retardation :

As indicated above, the development rate near the surface is
described by the product of the bulk rate and a multiplier {(z,M). The
multiplier may depend both on depthand exposure. However, physically
we do not expect the form of the depth functionto depend on the expo-
sure or development details. We thus model the multiplier as itself the
product of two terms. We further choose the simplest physically appeal-
ing form for the z dependence, a decaying exponertial function. The mul-

tiplier may be written as

f(z,M)=1-(1—f (0,M))exp(-2/Ry) (3.2.5)

where z is the dépth into the resist, R is the claracteristic retardation
depth, and f(0,M) is the ratio of surface dewlopment rate to bulk
development rate at any M value. Thedepth paraneter R, should in prin-
ciple depend only on the resist and how it is processed. It measures, in
effect, the thickness of the "tough skin". The dependence of { on expo-
sure, reflected in the parameter {(QM), may dso depend strongly on
development details (developer, dilution, temperaure, etc.). Under the
simplest conditions it is found that {0,M) can be modeled by a simple

linear function of M:

f(O.M) = R5 - (R5 - Re) M (326)

where Ry is the ratio of surface rate to bulk rate &¢ M=0 and Rg the ratio
at M=1. For other systems, eg., the developmert of KODAK 820 resist in
KODAK 932, a more complicated beharior is seen In such cases we have
chosen to use a piecewise linear function of M, wiik the minimum number

of parameters needed to accurately describe f(0,X,.
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3.3 Derivation of Model Parameters from Experiments

Details about the measurement technique are described in Chapter
2. A brief summary is presented here. The photoresist is spun on a glass
substrate with matched index of refraction and prebaked. The sub-
strates are exposed at 436 nm. For each sample the transmittance varia-
tion during the exposure is recorded in a mini-computer and the program
ABCMX.BAS calculates the M value at any position within the resist. The
exposed substrate is loaded on the development cell for the dissolution
rate measurement. The resist is illuminated by He-Ne laser at 633 nm
from the back side of the transparent substrate. The desired reflected
beam is directed to the detector and the variation of the reflectivity isl
recorded in the mini-computer. The program RATEX.BAS calculates the

development rate at every depth within the resist film.

.The bulk development parameters, R;, Rz, and Rz are derived by
fitting equation (3.2.4) to the bulk rate vs M data. Points deeper than 0.6
pum are considered to be in the bulk. A fitting program is used to minim-
ize the sum of the square error with the initial estimates of R;, R, and Rs.
The program is stable and minimizes the square errors from the esti-
mates based on R, as the rate at M=0, R, as the rate at M=1, and Rj; as

the slope near M=1 in the plot of log(rate) vs M.

Once the parameters R;, Rz, and R; are determined, the program
finds the other parameters R,, Rs, and Rg by fitting equation (3.2.1) to all
data, the rate vs M and depth. Rs and Rg are easily estimated by the
ratios of the surface rate to the bulk rate at M=0 and M=1, respectively.
The estimate for R, is not explicit on the rate vs M plot but can be found

by a local fitting of equation (3.2.5) to the rate vs depth for the unexposed

resist.
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3.4 Resist Development

In this section the development behavior is demonstrated for KODAK
820 and Shipley MICROPOSIT 1470 positive photoresists under various
processing conditions with several gievelopers. It was first necessary to
establish a suitable flow rate for development rate characterization. In
this -study it was desirable to remain in the surface reaction-rate control
regime, consistent with the model equations used. The bulk development
rates of normally processed, heavily exposed resist (M=0.12) were meas-
ured for samples of MICROPOSIT 1470 and KODAK 820 resists as a function
of flow rate across the resist surface. The results, shown in Fig. 3.4.1,
indicate that the desired regime is obtained for flow rates exceeding 10

cm/sec. All data were taken at the flow rate of 15 cm/sec.

Fig. 3.4.2 illustrates the effect of prebake temperature on MICROPO-
SIT 1470. Equation (3.2.4) is fitted to the experimental data, plotted as
rate versus M. The standard condition is 20 ° C development in MICROPO-
SIT 351 developer in 1:5 dilution following 20 minute prebake. Data points
near the surface are excluded because of a small surface-retardation
effect. However, the complete parameter set, including the retardation
model parameters, is given in Table I of Appendix C. For moderately and
heavily exposed resists, the development rate decreases with prebake
temperature. Presumably the rate reduction is primarily accounted
for by the reduced fraction of PPA photo products (carboxylic acid)
after U.V.exposure owing to PAC destruction by high temperature bake

_ before exposure.®

The impact of prebake temperature on the resist profile is shown in
Fig. 3.4.3. (rate data from Fig. 3.4.2). The resist line-edge-profile is shown

for a 1.0 um line in a pattern of equal lines and spaces. The simulated
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exposure condition uses a lens with NA=0.28, ¢=0.7, and é(defocus)=1.5
pum at the wavelength of 436 nm. Th;a dose shown as a parameter is
adjusted to yield a nominal final linewidth of 1.0 um. No significant effect
of prebake is observed below about 100 ° C, but rapid degradation in edge

slope, sensitivity, and resist thickness is observed at 120 ° C.

The dissolution rates for several developer solutions are compared in
Fig. 3.4.4. 1t is interesting that different developers but vﬁth proper dilu-
tions show similar development behavior. MICROPOSIT developer diluted
1:1, MICROPOSIT 351 developer diluted 1:5, and MICROPOSIT MF312
developer diluted 1:1.5 demonstrate essentially the same development
behavior. Increasing the concentfation in 351 type developer from 1:5 to
1:3 and in MF312 metal ion iree developer from 1:1.5 to 1:1 the overall
development rate increases. MF312 type developer diluted 1:1 and 351
type developer diluted 1:3 show an‘eﬁective highef sensitivity owing to
faster development rates over the entire exposure range. But the line
edge profile shown in Fig. 3.4.5 is worse than that in the standard
developer solution because the unexposed development rate is high

(~0.0025 um/sec) resulting in a large amount of thickness loss at the top.

Whereas the MICROPOSIT resist studied here has a modest surface
effect, the KODAK 820 resist shows a large development rate retardation
near the surface. In order to illustrate this depth dependence, the
development rates are plotted in Fig. 3.4.6 (a) and (b). The measured
development rate normalized to the bulk rate is shown for two exposure
extremes, 0 and 300 mJ/cm?® The dashed lines are the exponential fit to
the data (small dots) in each figure. The ratio of the surface rate to the
bulk rate varies from 0.08 to 0.6 in KODAK 809 type developer and from
0.06 to 0.5 in MICROPOSIT 351 type developer over the exposure range of

0 to 300 mJ/cm® In both cases the exponential decay distance is 0.25
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M.

The complete development behavior for KODAK 820 resist in KODAK
809 developer is shown in Fig. 3.4.7. The development rates are plotted vs
M for a number of samples covering a full range of exposures from 0
mJ/em?(M=1) to 300 mJ/cm?*M=0.02). The rate for each resist sample is
lowest at the surface due to the surface-retardation effect, increases
rapidly with depth, and saturates to the bulk rate (which has a small
decrease with depth because of absorption). In all cases an exponential
decay depth of 0.25um fits the data well for the s.urface-retardation
effect. The M value can be calculated irom the exposure dose at any
depth of each resist sample with known A, B, and C parameters. Thus the
left-most point on each sample gives the surface rate, and the right-most
point gives the bulk rate. The upper dotted curve is the bulk rate from
equation (3.2.4). The lower dotted curve is the surface rate from equa-
tion (3.2.1), with the forms of equations (3.2.5) and (3.2.6) used for £(z).
Note that in the insert both the measured data and the results of the
model with the R parameters are shown and indicate good agreement
with the model. As mentioned earlier the bulk rate is described by R;, Rs,
and Ry in which R;(0.23 um/sec) is the rate at M=0, R5(0.0016 um/sec)
the rate at M=1, and R3(5.8) a sensitivity parameter. The surface rate is
described by the retardation factor f(0) to the bulk rate at a fixed M
value. The value of {(0) at M=0 is 0.62 and denoted by Rs. The value of {(0)
at M=1 is 0.08 and denoted by Rg. The value of {(0) between M=0 and M=1
is described by a linear interpolation between Rs and Rg with respect to
M. The rate at any depth with a constant M can be obtained by the

exponential function with the characteristic retardation depth of R,(0.25

um).
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An even more pronounced retardation effect was observed with this
resist using a different developer, particularly at low exposure. The time
to develop the top 0.1 um in KODAK 932(metal ion free) developer is plot-
ted against exposure in Fig. 3.4.8. For the standard development with
KODAK 809 the etch time is continuous over all exposures but with 932
developer a discontinuity is seen at about 40 mJ/cm?® In 932 type
developer for exposures less than 40 mJ/cm? the retardation factor (0)
is about 0.02, and for exposures greater than 40 mJ/cm? £(0) varies from
0.13 to 0.45.

The complete development behavior in 932 type developer is shown in
Fig. 3.4.9. The bulk rate is normal and described by R,(0.33 um/sec),
R(0.0015 um/sec), and R3(10) but the surface rate is discontinuous at
about M=0.6(dose=40mJ/cm?). To model this éurface behavior the sur-
face ratio is separated into three regions and is modeled by a simple
piecewise linear equation f(0,M)=Rs+M(R+-Rs)/Rg for 0<M<Rg,
f(0,M)=R,+(M-Rg)(Rg-R7) /(Ryg-Rg) for Rg<M<R;o, {(0,M)=Rg+(M-R;0)(Rg-
Rg)/(Ryo-1) for Ryg<M<1. This piecewise linear fit, while inelegant, is sim-
ple to use and quite flexible. If even more exotic behavior is discovered
the function can be extended to more segments in an obvious way. In all

regions the best fit for R, is 0.25 um.

The role of surface retardation in achieving vertical resist profiles is
examined in Fig. 3.4.10. In this simulation the resist is exposed at 90
mJ/cm?® and developed for 10 seconds longer than break-through. The
image of a 1 um line was produced with an optical system of NA=0.28,
0=0.7, and 6=1.5 um at 436 nm. The resist profile is shown for three
cases with (I) bulk rate only (in KODAK 809), (II) retardation (in KODAK
809), and (III) retardation (in KODAK 932)}. In the absence of an retarda-



tion effect a large amount of resist loss at the top occurs and the wall
angle is about 76 °. Including the retardatioa the fop loss is small and
more vertical or even under-cut profiles are obtaned. An example of

resist profile simulation (SAMPLE) is given in Appendix D.

3.5 Resist Contrast

Resist contrast is often used as a single parameter to compare the
performance. Although the definition of the resist contrast for optical
resists has not been established we may adap! the definition for
electron-beam resists. The resist contrast, v, is deined by the slope on
the plot of resist thickness remaining vs logarithrr of dose(D) at fixed
resist thickness(T) and development time(tf) as shown in Fig. 3.5.1.

Analytically ¥ may be given by

_ _9oT
7= dlog (D)

—onp OM 3R BT

3D oM OF (3.5.1)

For bulk development rate with the resist filmon a matched substrate

dR _ =R R(&

oM _ _
a0 CM (3.5.3)
D= ﬂncﬂ)_ (3.5.4)

If the film is thin enough for the rate dependence on thickness to be

ignored

44
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9T L

SR F (3.5.5)
Inserting equations (3.5.2) to (3.5.5) into equation (3.5.1) yields
R I
7N 23TR—(T].)LTL(M)(1+R3M) (3.5.8)
1
If R, is much greater than R then 7 is further simplified as
vy~ 23Tin (M)(1+RsM) (3.5.7)

M can be evaluated from equation (3.2.4) through equation (3.5.5) with
fixed thickness(T) and development time(t). Including the depth depen-
dence of development rate it is hard to obtain a simple expression for 7.

In such case'7 can be calculated numerically.

The resist contrast is compared for several types of resist and
developer systems with the thickness of 1 um and a development time of
60 seconds. The thickness remaining is plotted against log(D) in Fig.
3.5.2. For MICROPOSIT 1470 v is 3.6 from the numerical calculation. 7 is
highest (5.1) for the strong rate-retardation case with KODAK 820 in 932
type developer. The effect of rate-retardation on 7y is illustrated with
KODAK 820 in 809 developer. Including the retardation ¥ increases from
3.2 to 3.9. The dependence of y on the type of substrate is also shown in
this figure for MICROPOSIT 1470 resist on a silicon wafer. The rate oscil-
lates owing to the standing wave effect. The average slope near the bot-
tom of the resist is given for ¥ (3.3). The effective resist contrast is lower

on a reflecting substrate.
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CHAPTER 4
SURFACE RATE RETARDATION

‘4.1 Introduction

For conventional positive photoresists under normal processing con-
ditions the development rate of the resist depends primarily on the expo-
sure dose and increases with increasing dose. The energy absorption in
U.V. exposure is highest at the top of the resist film because of the

attenuation in the resist, leading to slanted resist profiles.

Various attempts have been made to extend the limit of optical
lithography for vertical or even undex"—cut features (under-cut profiles
are desirable for lift-off processes).1=3 AZ-type photoresists prebaked at
high temperature display close to vertical resist profiles.! Chlorobenzene

treatment on the resist surface result in under-cut profiles.?3

A development delay which is often seen with AZ-type photoresists
prebaked at high temperature is termed "surface-induction” because the
delay is confined within a very thin layer (~0.005 um) at the top of the
resist. For KODAK 820 resist under normal processing conditions the rate
reduction is extended deep into the resist bulk (~0.25 um). We will call
this phenomenon “surface-rate-retardation”. As discussed in Chapter 3
simulated resist profiles for KODAK 820 indicate that vertical or under-

cut profiles can be obtained with surface-rate-retardation.

In this chapter the physical origin of the strong rate retardation for
KODAK 820 resist is explored. Surface treatments to control the surface

rate are also discussed.

61 -



62

4.2 Functional Characterization of

Surface-Rate-Retardation

The surface-rate-retardation for KODAK 820 is not anly observed with
one particular type of developer. As shown in Fig. 4.2.1 the rate is
retarded with typical types of developers which are cammercially avail-
able. It might be expected that the prebake procedures affect the
surface-rate-retardation behavior. However, in an experiment for KODAK
820 resist as illustrated in Fig. 4.2.2, no big difference was seen between a
30 minute oven bake at 100 ° C (normal baking) and a lminute hot-plate

bake at 120 ° C. A bake in a vacuum (25" Hg) also showslittle difference.

The fundamental question about the strong rate-retardation is
whether it is a resist property or it comes from the dynamics of chemical
reaction between the resist and developer. A number of experiments
were carried out to investigate the mechanism of retardation for unex-
posed KODAK 820 resist. In one simple experiment the development was
terminated in the bulk of resist by water and reinitialed by developer.
Fig. 4.2.3(a) shows the reflectivity variation during the development
obtained from the dissolution rate measurement system (the details
about the measurement system are given in Chapter 2. The flat zone in
the middle of t.he' reflectivity signal indicates that water is passing
through the development cell. The oscillation period of the signal at the
start of development is the longest (the slowest development rate at the
surface). Such a long period never returns at the second start of
development in the middle of the resist. This experiment suggests that

the retardation effect is built-in to the resist.



The rate retardation with resist depth is more clear in Fig. 42.3(b).
The development rates are plotted vs resist depth for two different types
of developers. The dotted line is for a developer solution of one part of
MICROPOSIT 351 and three parts of water. The dashed line is for undi-
luted KODAK 932 developer. For both cases the dissolution rates are
minimum at the surface, increase with depth, and saturate. The dissolu-
tion rates are still continuous except for minor glitches which were intro-
duced when the development was interrupted by water. The dissolution
rates for several samples in which the top 0.5 um of resist was removed
by dipping in developer, rinsed with water, and dried with nitrogen-blow
were also measured. Although a small development delay was introduced
at the start of development the dissolution rate was not so retarded as it

had been at the first surface.

Normal resist processing involves spin-coating and baking before
development. In order to clarify which step introduces the rate-
retardation a sample was spun, dried at room temperature for a month,
and developed in undiluted KODAK 932 developer. The dissolutionrate is
plotted against resist depth in Fig. 4.2.4. No significant rate variation is
seen from the surface to bulk. This suggests that the distribution of each
component of resist material is uniform within the resist film ard that

the spin-coating is not responsible for the strong rate-retardation. -

A sample was baked at 100 ° C for 15 minutes. The top 0.4 um of the
resist was etched away. The sample was rinsed with water, dried with Np-
blow, and baked again at 100 ° C for another 15 minutes. The dissolution
rate for this sample is plotted as a function of resist depth in Fig. 4.2.5
(dotted line}. The normal dissolution rate variation is also shown as a
comparison (dashed line). The development behavior is not exactly the

same as normal one but it suggests that the rate-retardation may be
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bake-related.

4.3 Surface Rate Control

To modify the surface rate chlorobenzene-dip prior to development is
commonly used for AZ-type photoresists.?3 MICROP.OSIT 1470 resist
dipped in chlorobenzene for 10 minutes after exposure(200 mJ/cm?) was
developed in a solution of one part of MICROPOSIT 351 and five parts of
water. The reflectivity variations during the development are shown in
Fig. 4.3.1. The reflectivity variation for samples with chlorobenzene-dip
(dotted line) is quite abnormal as compared with the reflectivity variation
for normal samples (solid line). The distortion of the reflectivity signal is
owing to non-uniformity as discussed in Chapter 2. The development time
for the first oscillation period is much longer than the development time
for the last three, indicating slow dissolution rate near the surface.
According to the suggested model® chlorobenzene diffuses into the resist
film, swelling it and forming a gel to the depth of the diffusion. The sol-
vent and low-molecular-weight resin species diffuse out through the
chlorobenzene resist gel, leaving a solvent-deficient layer near the sur-

face.

KODAK 820 resist samples prebaked at 100 ° C for 30 minutes were
developed in a solution of either one part of KODAK 809 and three parts of
water or one part of MICROPOSIT/ 351 and five parts of water. A 10 minute
dip in chlorobenzene after various exposure doses did not affect the sur-
face rate. Howeve'r, a very long time dip (~48 hour dip) in chlorobenzene
after exposure (200 mJ/cm?®) resulted in a very slow surface rate as
shown in Fig. 4.3.2(a). Samples prebaked at 80 ° C for 20 minutes exhi-

bited a slow surface rate with a 10 minute dip in chlorobenzene after
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exposure (200 mJ/cm?) as shown in Fig. 4.3.2(b). In both figures normal
rate behavior (without chlorobenzene-dip) is included for comparison.
These experiments imply that chlorobenzene still modifies the surface of

KODAK 820 resist according to the model.3

Samples of KODAK 820 resist were exposed to the vapor of the resist
solvent. For 30 minute vapor-soak the development rate is very high
everywhere in the resist. For 3 minute vapor-soak, as shown in Fig. 4.3.3,
the development rate is very high near the surface where the solvent
vapor penetrated (solid line). But beyond the penetration depth the
development rate drops to the normal value. Whep the vapor-soaked
sample was baked again (at 100 ° C for 15 minutes) the rate retardation
returned (dotted line). Clearly the solvent vapor plays a role in surface

rate control.
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CHAPTER 5
DESIGN ALGORITHM FOR RESIST FEATURES

5.1 Introduction

SAMPLE! has been used to simulate resist profiles for a given resist
process. In order to design resist features, however, it is not practical to
find an optimum resist process by simulating all the profiles under a
number of processing conditions. The problem is one of computing time
as well as a convergent algorithm. Most of the CPU time is consumed in
the development simulation based upon the string developmeni model.?
Each development simulation starts from the top surface and calculates

the etch front over all points in the resist.

In this chapter the feasibility of using a simple model to estimate
certain features of the resist profile. The technique used is especially
appropriate for resist on a reflecting substrate. An algorithm to obtain

the slope and linewidth is described and the results are discussed.

5.2 Simplified Development Algorithm

The development of resist in the present SAMPLE is based on the
string development algorithm originally devised by R.Jewett.? It follows a
development contour by keeping track of the positions of the points on
the developing string. This process requires the large amount of comput-
ing time. Typically the resist on silicon wafer creates standing wave pat-
tern and the etch iront is extremely non-linear. For a good approxima-

tion to the exact boundary, the string points around the sharp points
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should be divided into many segments so that any curve would be well
defined. Obviously the computing time increases with every segment.
There are several other problems associated with the string point process
around the sharp points and the resist boundary.?3 The computing time

is further increased by dealing with these problems.

Fér the purpose of finding only the slope and the posiiion of the
resist profile it may be sufficient to follow only fastest-moving points. In
a typical projection system the maximum intensity occurs at the middle
of the clear area. As sketched in Fig. 5.2.1(a) the horizontal intensity
varies on the resist surface. For resists on a reflecting substrate the
standing wave effect creates a periodic pattern of maximum and
minimum energy coupling in the z direction. The resist develops fastest
at the points of maximum intensity. Lateral development proceeds from
these high-intensity positions, leaving the periodic sharp points on the
boundary as shown in Fig. 5.2.1(b). Choosing two points (A and B in Fig.

5.2.1(b)) one can estimate the resist feature as follows.

Z4—2p
zp(t)—z4(¢)

slope (t) = tan™! (5.2.1)

As indicated the slope is a function of the development time. x is given

by

t(z,z)

z= R(z,z)dt (5.2.2)
£(0,2)

where R(x,z) is the rate function depending upon the position as well as M
value at the position and t(x,z) is the development time to reach the

point (x,z) given by
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t(z,2) = ‘{—d‘z—,--l- IL (5.2.3)

5.3 Design Algorithm

Using the standard SAMPLE optical algorithm and the development
algorithm described in the previous section line-edge slopes are rapidly
calculated for each resist process until a desired slope is matched to a
calculated slope. A user specifies the optical constants to run the IMAGE
and EXPOSE subroutines of SAMPLE. He also specifies the line-edge slope

and resist linewidth of a desired resist feature as defined in Fig. 5.3.1.

For a selected set of resist parameters (A,B,C, and R parameters) the
‘rate function, R(M,z), and the M distribution within the resist, M(x,z), are
combined to produce the rate as a function of position, R(x,z). The M dis-
tribution is provided by the SAMPLE.! The slope is calculated with varying
dose. At each dose the development time is calculated according to
equation (5.2.3) with x=given linewidth and z=given thickness. The slope
at this develobmenﬁ time is calculated according to equation (5.2.1)
through (5.2.2). If a calculated slope is not matched to the given slope
within the dose range of the EXPOSE another set of resist parameters is
selected and this whole procedure continues. When the given slope is
matched, the process recipe is given as the dose, the development time,

and the resist process corresponding to the selected resist parameters.

The details for numerical integration of equations (5.2.2) and (5.2.3)
are given as follows. For a given rate array R vs x (or R vs z) the integra-
tion is performed within each division of x (or z) as shown in Fig. 5.3.2.

The increment is chosen depending upon the rate as

dt=(x(i+1)-x(i)) /maxrate(r(i),r(i+1))/ndev
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The highest rate in each division is used to determine the maximum time
interval. This time interval is divided by an arbitrary number, ndev, to
give a small enough time increment. Thus the time increment is varying
in each division. The development length, x, progresses by x=x+rate*dt
and the development time by t=t+dt. The rate is updated whenever x is

updated:
rate=r(i)+(r(i+1)-r(i))*(x-x(i)) / (x(i+1)-x(i))

When the process moves from one division, x(i) and x(i+1), to next divi-
sion, x(i+1) and x(i+2), the development time is trimmed to eliminate the

accumulative error as
t=t-(x-x(i+1)) /rate
and also x as

x=x(i+1)

The FORTRAN codes to implement this algorithm, input, and output for-

mat are found in Appendix E.

5.4 Results

The resist profile based on the simplified development algorithm is
shown in Fig. 5.4.1 (The positions of maximum intensity are connected by
dotted line). This is obtained for the given slope of 82 degree and the
linewidth of 0.8 um for an image of 1 um line and spaces with NA=0.28,

=0.7, and d&(defocus)=1.5 by searching for 3 different resists and 10
different developers in 32 seconds. Each development is done for 20

different doses. An optimum process is found to be KODAK 820 resist pre-
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baked at 100 ° C for 30 minutes. The dose is 60 mJ/cm? and the develop-
ment time is 100 seconds. The developer solution is one pa'rt of KODAK
809 developer and three parts of water. The development temperature is
20 ° C. To compare with the detailed resist profiles this process informa-
tion is entered in the input of SAMPLE. The result of SAMPLE is also
shown in Fig. 5.4.1: (solid line) There is no significant difference between
the two profiles in terms of the line-edge slope and resist linewidth.
Another example of comparison is given in Fig. 5.4.2 for MICROPOSIT
1470. This is searched for the slope of 75 degree at 0.8 um resist line.
The dose is found 41.6 mJ/cm? and the development time 52.6 seconds.
MICROPOSIT 351 developer diluted 1:3 is selected and development tem-

perature is 20 ° C.

One application of the simplified development algorithm is a rapid
evaluation of process sensitivity to resist features. In Fig. 5.4.3(a) the
slope is plotted against dose with ACD as parameter. (ACD is the
difference between the resist linewidth and the linewidth on the mask)
The slope increases with large ACD over all exposure. With the bulk rate
only the slope increases rapidly in the low exposure range. At doses
higher than 100 mJ/cm? the slope is not very sensitive to dose variation.
Including the depth dependence with ACD=0.2 um the resist slope is not
very sensitive to doses ranging 50 to 200 mJ/cm? (Fig. 5.4.3(b)). Clearly
the rate-retardation near the surface makes the resist feature less sen-

sitive to dose variation.
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Appendix A
The BASIC Program for Exposure

10 REM Program Name: EXPOSE.BAS by Deok J. Kim version: 2.6 Jan 22 °8%
20 REM Purpose: to collect data by controlling two Tecmar A/D converters

30 REM LABMASTER for data and LAETENDER for reference

40 REM maximum data rate for the safety = SO only for first period

S0 REM maximum data rate = 25 with graph in real time

60 REM The first period can be divided by two automatically.

70 DIM H(I000) ,L (3000) ,P (3I000) *have room tc spare, check with "print frei:)"
80 DEF FNECD(X) = X+6&6%#(X\10) *convert an integer from binary to BCD form, th:
s function is only good for 8 bits data thus 99 is the maximum value

90 REM

100 PRINT " "

110 PRINT “=== TURN OFF ALL LIGHTS EXCEPT EXPOSURE ==="

120 PRINT " "

130 PRINT 3035038 3063609636 06 3036 6 36 36 46 36 36 36 36 35 36 36 36 30 36 36 369630 3 36 330 30 26 20 0 30 20 S 96 1

140 PRINT "# Check the reference at 4.0 - 4.9 volts »"

150 PRINT "# and the signal at 4.5 - 6.5 volts »*

160 PRINT ' 5500050945655 5 5696 2 0% 96 9696 4 46 00 98 96 36 6 9 36 36 9636 36 96 96 96 36 96 96 96 96 4 30 30 6 36 *0

170 PRINT " *

180 HL=4! HH=7! (PL=3.6 :PH=4.95 ‘power limit for safety

190 DP=.0S5 :P1=1-DP :P2=1+DF "% % variation in power allowed
200 PWCUT=.1 ‘exposure power limit (mW/cm2)

210 PRINT "Adjust the gain for the right voltages. Hit any key "
220 IF INKEY$S = "" THEN 220

230 PRINT “Hit any key when done "

240 GFLAGS="n"

250 GOSUE 4380

260 PRINT " »

270 FRINT = »

280 IF WRN=1 THEN PRINT "Check the power limit for safety.":GOTO 100
290 PRINT "Enter the signal gain in Kohm. ";:INFUT GAIN

300 IF GAIN < 1 THEN PRINT "Remember the gain is "3;GAIN

310 PRINT ¢

320 PRINT "Now measure the light intensity and ratio. Hit any key °
330 IF INKEYS = *" THEN 330

340 PRINT "Choose Exposure Wave length ..."

350 PRIMNT "type 1 for 4358 "

360 PRIMT 2 4047 "

370 PRINT " 3 3650 "

380 PRIMT "... select one "j:INFPUT LENG

J?0 IF LENG < 1 OR LENG > 3 THEN 340

400 IF LENG=1 THEN SE=.2 *UV100R photodiode

410 1F LEMG=2 THEN SE=.15

420 1F LENG=3 THEN SE=.14

430 DF=1/1.52% 'distant factor between diode and resist surface(air)
440 AREA=,051 *window area for UVIOQOE

450 VTOMW=DF #*SE+*AREA®GAIN ’conversion factor : VOLT/ (mW/cm2)
460 GFLAGS="y" :(KP=1S0

470 GOSUE 4380

480 IF WRN=1 THEN PRINT "Check the power limit for safety."
490 AVI=HSUM/KF :AVG=RSUM/KP

S00 PRINT "

310 PRINT “Average Intensity of Signal (Air) = “3AVIIIPRINT " mbl/cml"®

S20 IF AVI < PWCUT THEN PRINT "Average power 1s lower than the minimum "“3FWCUT
330 PKRINT "Average Ratio of Signal to Reference = "3;AVE

<40 DEV=0  ING=0

S350 FOR J=1 TO KP

560 DEV=DEY+ (H(J)~AVI)~2/AV]

S70 IF H(J) >= P2#AVI OR H(J) <= P1#AVI THEN NG=NG+1 -



580
S90
&00
610
620
&30
640
650
660
&70
680
&90
700
710
720

30

NEXT J

SDEV=SQR (DEV) /KP%#100 *standard deviation in %

PRINT "Standard Deviation per Power (%) = "3 SDEV

PRINT "# of out-of-average power ( +— “;DP#1003:PRINT " % ) = "iNG
PRINT *

IF SDEV > .1 THEN PRINT "REPLACE BULE FOR EBETTER UNIFORMITY !''!"
PRINT » *»

PRINT "Measure the reflectance ... "
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PRINT "Do you know the refractive index of the matched substrate Ly/nl "3

INPUT RINS

IF RINS <> "y" AND RINS <> "n" THEN &&60

IF RIN$="y" THEN 770

PRINT "Place the matched substrate on the holder. Then hit any key."
IF INKEYS = """ THEN 710

GFLAGS="y"

GOSUER 4380

740 AVGR=RSUM/KF :REFL=1-AVGR/AVG

750 IF REFL <= O THEN 700

760 6GOTO 80C

770 PRINT "Give the refractive index. "3i:INFPUT RINYX

780 IF RINX < 1! THEN 770

790 REF=(1-RINX)/(1+RINX) :REFL=REF+REF

800 PRINT “"Reflectivity = "$REFL

812 PRINT "

20 PRINT "Now measure the transmittance during the exposure ... "
830 PRINT "##%x##sx% ANSWER THE FOLLOWING *#xxsxs"

B840 PRINT “resist name for the measurement "i:INFUT RESISTS
850 PRINT "prebake temp. ['CJ "3:INPUT EBKTEMP

860 PRINT time {minl "“3:INPUT BETIME

870 PRINT * *

880 PRINT * *

890> FRINT "The following measurement is for ..."

00 PRINT "resist name: “"3RESISTS

910 PRINT "prebake temp.";EBKTEMP

P20 PRINT time ";BKTIME

930 PRINT "Are these all correct [y/n) "3:INPUT PRCS

40 IF PRCS <> "y" AND PRCS <> "n" THEN 930

950 IF PRCS = "n" THEN B30 .

@60 PRINT *

@70 PRINT "##%%x## Read this instruction ##x#ses"

980 FPRINT "Each wafer is given a file number by the user: the"
990 PRINT “"file number should be of the form mmddrr, where mm i1s"
1000 PRINT “month, dd is date, and rr is run number."

1010 PRINT "Example: on May 13 we do run 95 "

1029 PRINT “the file name would be given 051395."

1070 PRINT " ¢

1040 ERASE H,L,P 'erase the previous result

1050 DIM H(T000) ,L(J000) ,FP(3000) *have room to spare. check with "print

1060

PRINT "specify file number”; :INPUT AS$

1070 IF A$="000000" THEN END

1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220

Bs:"B: "

D$="T.DAT"

Is=EHs+AS+DS

PRINT "Enter the dose level [md/cm21 “;:INFUT DOSE

PERI1OD=1

IF DOSE »= 900 THEN PERIOD=3 :PRINT "Three periods are given."
PRIMT »

DTMIN=. (2% :DTMAX=&60' :DTPLOT=.044 :T2MIN=1.8

PRINT “minimum data collection rate : tl(sec) ="3;DTMAX

PRINT "maximum data collection rate:"

REM PRINT "without displaying data in real time"

PRINT “"First period (without plot ) ... t1 = “3DTMIN
PRINT * (with plot ) ... ti1 = "iDTFLOT

PRINT "Second period and on (with/without) ... tl1 = ";T2MIN
PRINT * »

fre(: '
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1230 NTOT=0 .

1240 PRINT " "

1250 FOK 1=1 TO PERIOD

1260 PRINT "In period "31;:PRINT " how many sampling points."; : INFUT Ni{l)
1270 NTOT=NTOT+N(I)

1280 PRINT "time between sampling points (sec)”"s : INFUT T1(I)

1290 IF T1(I1)<DTMIN AND GFLAG$="n" THEN PRINT "miminum is “;DTMIN:GOTO 128"
1300 IF Ti1(I1)<DTPLOT AND GFLAGS="y" THEN PRINT "miminum 1s ";DTFLOT:GOTO 1280
1310 IF T1(I) > DTMAX THEN PRINT “maximum is "3;DTMAX : GOTO 1280

1320 IF I>=2 AND T1(I)<T2MIN THEN PRINT "T1:=1.8 for 2nd-period on":GOTO 1Z@e-
1330 REM fast clk range = .001 to 9.999 seci =low clk range = .01 to 99.97 sec
1340 IF T1(I) <= 2 THEN FAST(I) = 1 ELSE FAST(I) = 0 “DECIDE TO USE FAST OF SLOV
CLOCK

1350 IF FAST(I) = 1 THEN P = ,001 ELSE P = .01 P = PERIOD OF TIMER CLF PULSES
1360 TI = T1(1)/P *ti=timer load value in integer form

1370 REM convert the timer load value from 16-bit binary to 1é6-bit ECD

1380 KEM the timer lpad values are in ECD format, 0-9999 for 1&6-bit data

1390 TEMP = TINIQQ

1400 TLLZ(I) = FNBCD(TI-TEMP*100)

1410 TLHZ(I) = FNECD(TEMF)

1420 NEXT 1

1430 PULIM=0 :D=AVI

1440 FOR I=1 TO PERIOD

1450 PULIM=PWLIM+T1(I)®#N(I)+*D

1460 NEXT I

1470 IF DOSE »>= FWLIM THEN PRINT "Give more points ":GOTO 1240

1480 T2=DOSE/D

1490 PRINT " "

1500 PRINT "Exposure Time is "3T2i:PRINT " sec."”

1510 PRINT " *

1520 PRINT “"Use stop watch and try to meet the exposure time "

1530 PRINT " "

1540 PRINT "

1550 PRINT * ©

1560 PRINT 585003365 569 36 596965 3 36 96 3 36 96 36 3 969696 e 36 00 263 '

1570 PRINT "This is the input you entered. "

1S80 PRINT " #8835 3635 3 55 3 3 335 4 35 36 56 3 936 3 5 9 36 3 2 2 94 5

1590 PRINT "The data file name is "3AS$

1600 PRINT "Dose Level ="3;DOSE

1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1847
1850
1860
1870

FOR I=1 TO PERIOD

PRINT "During period "3l

PRINT # of sampling points "jN(I)

PRINT * Time interval "sT1)

NEXT 1

PRINT "Exposure power "sD

PRINT “Exposure time [sec]l "sT2

PRINT » ¢ .
FRINT "Do you want to change any one above [y/nl "3$:INFUT AEO3

IF AEDS <> "y AND AEOS$ <> “n" THEN 1690

IF ABOS = "y" THEN 830

REM

PRINT * ¢

REM the following program segment has been cptimized for Lab Master
REM 1817 = adrs+9 adrs=1808

REM 1812 = adrs+4

REM 1813 = adrs+9

REM 1814 = adrs+é

IF GFLAG$="y" THEN GOTD 3270

REM #%# between the two marks the program has to run quick as a rabbat
PRINT"hit any key during data collection to stop”

PRINT "### REMEBER : Exposure Time =";T2;:!FRINT " seconds ##+"

PRINT * ! Substrate ="3 A%

ADRS=1808 *1/0 starting address of Tecmar Lab Master EHoard
ADLT=816 *1/0 starting address of Tecmar Lab Tender Board
OUT ADKRS+9,2SS *master reset the timer

OUT ADRS+9,9S "load all counters
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1880 SM= INP (ADRS+6) ‘reset the status bit in Lab Master

1890 ST= INF (ADLT+1) ’ the status bit in Lab Tender )
1900 OUT ADRS+4,128 "control byte of A/D (10000000) :Lab Master
1910 OUT ADRS+S,0 *A/D input channel number ¢

1920 OUT ADLT,32 *A/D input channel LT

1930 OUT ADRS+9,23 ’data pointer to master mode register

1940 OUT ADRS+8,.0C "master mode reg 1 (0000 O O OQ)

1950 OUT ADRS+8, 128 "master mode reg h (1 O O O O000)

1960 OQUT ADRS+9,.S5 *data pointer to counter mode reg of counter &
1970 OUT ADRS+8, 49 *counter mode regicter 1 (00110 001)

1980 IF FAST(1)=1 THEN CMRHZ=14 ELSE CMRHZ=15 *14=use f4(.001s),15=uce £3(.01)
1990 0OUT ADRS+B,CMRHZ *tounter mode reg h (OO0 01i1d)

2000 OUT ADRS+B, TLLZ(1) *counter load value 1 clvsx+b#int (»/10)

2010 OUT ADRS+B, TLHZ (1) ‘counter load value h

2020 PRINT "When ready type go "3:INPUT G$

2030 IF B% <> "go" AND G$ <> "GO" THEN 2020

2040 PRINT "Period ... 1"

2050 OUT 1812,132:0UT 1817,112:0UT B816,%6

2060 FOR I=1 TO N(1)

2070 IF INF(1812)<128 OR INP(816)<128 THEN 2070

2080 P(I)=INP(B817):L(I)=INF(1813) tH(I)=INF(1814):IF INKEYS$  :"" THEMN 2110
2099 NEXT 1

2100 GOTO 2120

2110 N(1)=1

2120 IF PERIOD = 1 THEN 2220 *only one period was specified
2130 NI=N{1)+1

2140 FOR IP=2 TO PERIOD

2150 PRINT "Period ... "3l1lF

2169 NF=NI+N(IP)-1
2170 GOSUER 3840
2180 NI=NF+1

2199 NEXT IP

2200 GOTO 2220

2210 REM ##» the program can now leisurely walk as a turttle
2220 REM convert data from two's complement to floating peint format
2230 PRINT “processing data..."

2240 NI=1

2250 FOR J=t TO PERIOD

2260 NF=NI+N(J) -1

2270 FOR 1=NI TO NF

2280 H(1)=256#H(I1)+L (1)

2290 IF H(1)>32767 THEN H{I)=H(1)-465536"
2300 H(l)=H(I)/204.8

210 P(1)=(P(1)~128)/128+5

2320 NEXT 1

2330 NI=NF+1

2740 NEXT J

2 PRINT "Hi1t any key to continue."”
IF INKEYS = "" THEN 2360

REM Plot the prosessed data

CLS: KEY OFF : SCREEN 2

GOSUER 4210

2400 GRID=0O

24190 NI=i

2420 FOR J=1 TO PERIOD

2430 PRINT “"Period ... "3J

2440 NF=NI+N(J)-1

2450 FOR I=Nl TO NF

2460 FPSET(I-(I\LIP) #6339, 198-H(1)*20)
2470 PSET(I-(I\N6IF) #639,198-FP(1)#2M
2480 IF 1/639 = I\639 THEN GRID=1 :CLS
2490 1F GRID = O THEN 2520

2500 GOSUER 4210

2510 G6GRID = O

2520 NEXT 1

2530 NIsNF+)1




2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
27480
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
28S0
2860
=870
2880
2890
2900
29170
2920
2930
2940
2950
2960
2970
2980
2990
IO
010
020
JIO30
3040
J0S0
J060
J070
3080
J090
3J100
3110
3120
3130
3140
3150
3160
3170
3180
3190
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NEXT J
REM
PRINT "calculating intensities ... "
N(Q)=0 :NI=1:PSUM=0 (#5=0 :TS=0
FOR IP=1 TO PERIOD
NF=NI+N(IF) -1
FOR I=NI TO NF
H(I)=H(I)/VTOMW P (I)=FP(1)*AVE
IF P(1) >= PWCUT THEN TS=TS+T1 (IPF)
IF P(I) »>= P2#AVI DR FP(1) =< P1#AVI THEN 2650
KSckS+1 :PSUM=PSUM+P (1) -
NEXT I
NI=NF+1
NEXT IP
NDS=NF -KS
PRINT "# of cut data = "“3NDS
PRINT “Do you want to check the processed data "3 s INFUT CD$
IF CD$ <> "y" AND CD% <> "n" THEN 2700
IF CDs = "n" THEN 2870
N{Q) =0
NI=1}
FOR IP=1 TO PERIOD
PRINT “period ":{IP
NF=NI+N{IP)~-1
PRINT N(IF),T1(1P),D,T2,REFL
FOR 1=N]I TO NF STEF 7
PRINT USING "####. $#H##"1F (1) P (I+1) ,P(1+2) ,F(I+3) P (I+4) [P(I+S Fil+e
PRINT USING “ﬁ###.#*###";H(I).H(I*l),H(I+2).H(I+3),H(I*4),Hil*S'.H\I*c'
PRINT ™ *
NEXT 1
NI=NF+1
NEXT IP
REM
REM calculate average intensity again during the exposure.
AVI=PSUM/KS *The average intensity at the resist surface fair)
DEV=( 13S=0
FOR I=1 TO NF
IF F(1) >= P2#AY1 OR P(1) =< P1#AV] THEN 2930
DEV=DEV+ (P (1) -AVI)~2/AV] :JS5=2JS+! ’Standard deviation source power
NEXT I

SDEY=S@F (DEV) /JS+ 100 “for %

D=AVI :T2=TS :DOS=D#*T2

PRINT " *

PRINT "Average .Intensity at the Surface (Air) = “iD
PRINT “Expocsure Time (sec) = "3T2
PRINT "“Exposed Dose (air) {(mJ/cm2) = “3DOS
PRINT "Standard Deviation per Power (%) = "3;SDEV

PRINT " "

PRINT "### want to save it L[y/n) “3:INFUT WTS

IF WTS <> "y" AND WT$ <> "n" THEN 3020

IF WTSs = "n” THEN B8O

FRINT "saving data and reference at the resist surfacelair) ... "
OFEN I$ FOR ODUTPUT AS #1

PRINT #1,RESISTS

FRINT #1,BKTEMP

PRINT #1,BKTIME

FRINT #1,USING "##"3PERIOD ’

NI=1

FOR IP=1 TO PERIOD

NF=NI+N(IF) -1

PRINT #1,N(IF),T1(IP),D,T2,REFL

PHINT #1, “"source-channel”

FOR I=N1 TO NF STEF 7 .
FPRINT #1,USING ”ﬁﬂ#“.ﬁ”“nﬂ"tp(l),P(I+!).P(I*2),P(I+3),Pll+4‘.?(l+5).le*a‘
NEXT 1 :

PRINT #1, “data-channel"
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I200 FOR I=NI TO NF STEF 7

I210 PRINT #1,USING “"##4#8# #8888 H(I) (H(I+1) ,H(I+2) ,H(I+3) ,H(I+4) H(I+S) H{I+e)
3220 NEXT I

3230 NI=NF+1

3240 NEXT IP

IS0 CLOSE #1

3260 GOTO B88¢

3270 REM This routine is the data collection routine during which the collected
3280 REM data are displayed in real time: consequently, the rate of data
T290 REM collection 13 slow. data rate = 1/.032 = 31

3300 REM Note: In order to save exeuction time, thit= segment of the code worke
3310 REM for positive voltage only (14 hi:32767 then h-h-63536'" is shipped
3320 REM graphics information

JITT0 REM ( o, O (639, O each coordinate pair = (x,v) or (col.row
3340 REM ¢ 0,199) (639, 199) the whole screen = 6405200

3350 CLS *clear screen

3360 KEY OFF “turn off the function-key display

3370 SCREEN 2 "high-resolution graphic screen (640x200)

3380 REM ### between the two marks the program has to run quick as a rabbit
3390 PRINT * hit any key during data collection to stop "

JI400 PRINT "##% REMEEER ¢ Exposure Time ="3iT2;5:PRINT " seconds #++"

3410 PRINT * ¢ Substrate ="{AS

J420 GOSUER 4210

3430 REM Setting the boards

3440 ADRS=1808 : *1/0 starting address of Tecmar Lab Master FEoerd
3450 ADLT=B816 *1/0 starting address of Tecmar Lab Tender Board
3460 OUT ADRS5+9,25S *master reset the timer

3470 OQUT ADRS+9,9S *load all counters

3480 SM= INF (ADFRS+o6) ‘reset the status bit in Lab Master

3490 ST= INF(ADLT+1) ® the status bit in Lab Tender

FS00 0UT ADRS+4,128 *control byte of A/D (10000000) :Lab Macster

2510 0OUT ADRS+S,0 *A/D input channel number 0

JIS20 QUT ADLT.32 *A/D input channel LT

I530 0OUT ADRS+9,23 *data pointer to master mode register

FS40 OUT ADRS+8,0 *master mode reg 1 (QO000O O O O0O)

3550 OUT ADRS+B8,128 *master mode reg h (1 O O O QOOO)

3560 OUT ADRS+9,5 ‘data pointer to counter mode reg of counter IS
3570 OUT ADRS+8B, 49 “counter mode register 1 (00110 0O1)

3580 IF FAST(1)=1 THEN CMRH%=14 ELSE CMRH%Z=1S *14=use f4(.001s),15=use £5¢.01)
3590 OUT ADRS+8, CMRHY “counter mode reg h (000 O1110)

J600 OUT ADRS+B,TLLZ(1) ‘counter load value 1 .clv=u+sFint (27100

3610 0UT ADRS+8, TLHZ (1) *counter load value h

3620 PRINT When ready type go ";:INFUT G$

3630 IF G < "go" AND G$ <> "GO" THEN 3620

3640 PRINT "Period ... 1"

3650 OUT 1B12,1T72:0UT 1817,112:0UT B16.96

3664 FOR I=1 TO N{1)

3670 IF INP(1812)<128 OF INF(B1&6)4<128 THEN 3670

3680 P(I)=(INF(B17)-12B) /12845 :H(I)=(256+INF(1B14)+INF(1813)) /204, B:FSET{I-1%6&7
F) %639, 198-H (1) #20) tPSET(1-(I\6T9) #639,198-F (1) #20) 1 IF INKEYS$- >"" THEN 3720
3690 1IF 17639 = I\639 THEN CLS

3700 NEXT 1

3710 GOTO 3730

JF720 N(1)=1

3730 1F PERIOD = 1 THEN 2560 'only one period was specified

3740 NI=N(1)+1}

3739 FOR IP=2 TO PERIOD

3760 PRINT “Period ... “3IP

I770 NF=NI+N(IF)-1

3780 GOSUB 3840

3790 NI=NF+1

3809 NEXT IF

3810 GOSUER 4210

3820 GOTO 2560

IB30 REM Subroutine Set-Up for data collection

3840 ADRS=1808 ’1/0 starting address of Tecmar Lab Master FEoard
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*1/0 starting address of Tecmar Lab Tender Eoard

IB6O OUT ADRS+9,2SS "master reset the timer

3870 OUT ADRS+9,9S *load all counters

3880 SM= INF (ADRS+6) ‘reset the status bit in Lab Master

3890 ST= INF(ADLT+1) * the status bit in Lab Tender

3I900 OUT ADRS+4,128 "control byte of A/D (10000000) tLab Master
3910 OUT ADRS+5,0 'A/D input channel number ©

3920 OUT ADLT,3I2 "A/D input channel LT

393G OUT ADRS+9,23 "data pointer to master mode register

3940 OUT ADRS+8,0 ‘master mode reg 1 (0000 O O OO)

3950 OUT ADRS+8, 128 "master mode reg h (1 O 0 O OQ00)

3960 OUT ADRS+9,S ’data pointer to counter mode reg of counter S
3970 OUT ADRS+8, 49 "counter mode register 1 (00110 OO0O1)

3980 IF FAST(IP)=1 THEN CMRHZ=14 ELSE CMRH%Z=15
3990 OUT ADRS+8,CMRHY

4000 OUT ADRS+8, TLLZ(IF)
401C OUT ADRS+8, TLHZ(IP)
4020 IF GFLAGS =

4030 OUT
4040 FOR
4050

"

“14=use £4(.001s5),1S=
"counter mode reg h (Q00 O1110)

‘counter load value 1 clvsx+bmint(x/10)
‘counter load value h

use £5°:.01

THEN 4120

1812,132:0UT 1817,112:0UT 816,96

I=NI TO NF

IF INF(1B812)<128 OR INF(816)<128 THEN 40S0
4060 FP(I1)=(INF(B17)~128) /12845

SH(I) = (206+IMF (1814) +INF (1817)) /204, BIPSET(1-7161

?) *#6T9,198-H(I) *20) :PSET(I-(I\439) #6379, 198~ F{I)*20) 0 IF 1NkEY$~:”" THEN 4100
4070 IF 1/639 = IN639 THEN CLS

4080 NEXT 1

4090 RETURN

4100 N(IF)=]~NI+1
4110 RETURN

4120 OUT 1812,132:0UT 1817,112:0UT 815,96
4130 FOR I=NI TO NF

4140 IF INF{1BI2)<128 OR INP(B16)<128 THEN 4140

4150 PRINT INF(B16)$INP(1812)

4160 F(I)=INP(B17):L(I)=INF(1813) :H(I)=INF(1814):IF INKEY$:>"" THEN 4190
4170 NEXT 1
4180 RETUFRM

4190 N(IFP)=]-NI+1

4200 RETURN

4210 REM Subroutine GRID

4220 MG=1 :MBY=1

4230 XTIC=10 :YTIC=.5

4240 NGRID=XTIC*MG :LRESET=10#NGRID

250 LTEN=-1 :LXTEN=1

4260 FOR L=1 TO 631 STEF NGRID

4270 PSET(L,198)

4280 LTEN=LTEN+1 _
4290 IF LTENSLXTEN*#10 THEN LXTEN=LXTEN+1 :FSET!L.197)
4700 NEXT L

4310 NYSTR=YTIC#20#MGY :NYRESET=2#NYSTF

4320 FOR LY=0 TO 198 STEF NYSTF
4330 PSET(1,198-LY)

4340 IF LY/NYRESET
4250 IF LY/S/NYRESET

4360 NEXT LY
4370 RETURN
4380 REM subroutine voltage output
4790 ERASE H, P

4400 DIM

H(3000), P(3000)

4417 ADRS=1808
44320 ADLT=816

LY\NYRESET THEN PSET(2,198-LY)
LYV (S#NYRESET) THEN PSET(3,198-LY) :PSET(4,198-LY)

170 starting address of Tecmar Lab Master Eoard
*1/0 starting address of Tecmar Lab Tender Board

4470 OUT ADRS+9,25S *master reset the timer

4440 QUT ADRS+9,9%5 *load all counters

4450 SM= INP(ADRS*&) "reset the status bit 1n Lab Master
4460 ST= INFP(ADLT+1) ’ the status bit 1n Lab Tender

4470 OUT ADRS+4,128 "control byte of A/D (10000000) :Lab Master
4480 OUT ADRS+S,0 "A/D input channel number O
4490 OUT ADLT,32 "A/D i1nput channel LT



4500
4510
4520
4530
4540
4350
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
44670
44680
4590
4700
4710
4720
4730
4730
4750
4760
477
4780
4790
4800
48170
4820
4870
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930

OUT ADRS+9,23 "data pointer to master mode register

OUT ADRS+8,0 "master mode reg 1 (0000 O O 00)

OUT ADRS+8, 128 "master mode reg h (1 0 O O OO0OO)

OUT ADRS+9,.S "data pointer to counter mode reg of counter
OUT ADRS+8, 49 ’counter mode register 1 (00110 001)

TA=.75 :PA=.001 :CMRH%=14

TTA=TA/PA :TEMPA=TTA\100

TLLZ=FNECD (TTA~TEMPA#100) :TLH%=FNECD (TEMPA)
OUT ADRS+8, CMRHZ :

OUT ADRS+8, TLLYZ

OUT ADFRS+B, TLHZ

WRN=0 " chech power limits for safety
IF GFLAGS$="y" THEN 4740
PRINT " Vi vo vi/vo v

ouUT 1817,112 :0UT 1812, 132 :0UT B16,96

IF INP(1812)<128 OR INF(B1&6)<128 THEN 44650
H=256*INP (1814)+INF (1813) :P=(INF(817)-128)/128+5
IF H>32767 THEN H=H-65536'

H=H/204.8

PRINT USING "##38. #8H88"IH, P, H/ (P+.000001)

IFH< HL OR H > HH THEN WRN=1

IF F ¢ PL OR P > PH THEN WRN=}

IF INKEY$® <> "" THEN 4930

GOTO 4650

REM plot routine

CLS :KEY OFF :SCREEN 2

FPRINT "DATA IS TAKEN AT EVERY “3TA §:FRINT " SEC. "
GOSUE 4210

I=0 1Ks0 (HSUM=0 :RSUM=0

OUT 1817,112 :0UT 1812, 132 :0UT B16,96

IF INF(1812)<128 OR INF(B16)<128 THEN 4800

I=1+1 K=K+

H=2S6+INF(1814)+INF (1813) :P=(INF(B817)-128)/128+5
IF HX>Z2767 THEN H=H-565536!

H=H/204.8

PSET(I,198-H#*20) :PSET(]1,198-F#*20)

IF H<HL OR H » HH THEN WRN=1

IF P <« PL DR P > PH THEN WRN=1}

H M) =H/VTOMW

HSUM=HSUM+H (k) ¢ RSUM=RSUM+H (k) /P

IF 1/629=1\&39 THEN I=0 :CLS

IF ¥ => KP THEN 4930

GOTO 4800

RETURN

S
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20
30
40
50
&0
70
80
0

100
110
no"
120
130
1430
150
160
170
180
190
200
210
220
270
e Yu}
250
260
270
280
290
SO0
10
320
30
349
IS0
360
370
380
390
400
410
420
430
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REM Program Name: ABCMX.EAS by Deok J. Kim version: 2.5 Feb. 20 83
REM Function: Calculate BEST A,B,C and M with X from EXFOSE data

NDX=10 "The resist thickness is divided by NDX

JSTEP=1 INEACH=100 ’skip the data points by JSTEF for data more than Nesch

REEF
DIM CHO(3I000) ,CHI1 (3000), TRV (3000)
PRINT "Which diskette is your data on [asbl "::INPUT DISKS

IF DISKS$ <> "a" AND DISKS$ <> "b" THEN 70
FILEEXTENTIONS = "dat"

PRINT "do you want to see the data file on disk [y/ml"3 ¢ INPUT ANSWEFRS
IF ANSWERS <> "y" AND ANSWERS$ <> "n” THEN PRINT "answer y for yes and n for
: GOTO 100

IF ANSWERS "y" AND DISK$ = "a" THEN FILES "a:*.dat"

IF ANSWERS "y" AND DISK$ = "b" THEN FILES "b:*.dat"

FRINT "input the name (number only) of your data file"i : INFUT FILENGMES
FILETS = DISK$+":"+FILENAMES+"T" + "." + FILEEXTENTIONS

OPEN FILET® FOR INFUT AS #1

INFUT #1,RESISTS

INPUT #1,EKTEMF

INFUT #1,BKTIME

INFUT #1, IPERIOD

IE=0

IP=0

IP=1F+1

IF IF > IPERIOD THEN GOTO 37¢

INFUT #1, N(IP),T1(IF),P(IF),T2(IP), REFL

IA=1+1F

IB=IE+N(IP)

INFUT #1, SO0s$(IP)

FOR 1=IA TDO IEK STEF 7

INPUT #1,CHO(I) ,CHO(I+1) ,CHO(I+2) ,CHO(I+3),CHO(I+4) ,CHO{I+S) ,CHO (<&

NEXT 1

INFUT #t, Sis(IP)

FOFR 1=1A4 TO 1E STEF 7

INPUT #1,CH1(I),CHI(I+1),CH1(I+2) ,CH1(I+3),CH1:I+4) ,CHL {T1+S),CH] {I+a)

NEXT I

GOTO 230

CLOSE #1!

N=1E

PRINT * »

REM

RG=1-REFL :PWCUT=.1 *(mW/cm2)

REM Check if the source was taken from CHANNEL LT

NCH=0 : ICUT=0

440 FOF I=1 TO N

450

IF CHO(I) < PWCUT THEN ICUT=ICUT+1 :GOTO 47¢

460 TRV(I)=CH1 (1) /CHO(]) /RG

470

NEXT 1

480 PRINT " »

454

SO0

PRINT » =
PRINT “Data file "$:PRINT FILETS :PRINT " is opened."

S10 PRINT »* »

S20

PRINT "Exposure power was cut below ";PWCUT ::PRINT " [mw/cm21"

S30 PRINT # of cut data is "t ICUT

S40
S50

PRINT » ©
REM PRINT “Do you want to see the data [y/nl"::INFUT SEEs

S60 SEE$="n"
370 1F SEES = "n" THEN GOTO 810
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580 REM BEGIN of ECHOING INPUT

£90 PRINT *

600 PRINT "Current Input File "3:PRINT FILETS

610 PRINT "

620 PRINT RESISTS

630 PRINT "prebake "3$BKTEMP,BFTIME

640 PRINT USING "##"; IPERIOD

&S50 1E=0

&0 IP=0

&70 1P=1P+1

680 IF 1P > IPERIOD THEN GOTO 810

690 PRINT N(IP),T1(IP), ,P(IP),T2(IP),REFL

700 IA=1+1H

710 IB=IEB+N(IP)

720 PRINT SO0s$ (IF)

730 FOR I=l1A TO IE STEF 7

740 PRINT USING "#H###. ####H#"ICHO{I) ,CHO(I+1) ,CHO(I+2) ,CHO(I+3) ,CHO(I+41 ,CH(
(1+5) ,CHO(I+4)

750 NEXT 1

760 PRINT Si1s(IF)

770 FOR 1=1R TO 1k STEF 7

780 PRINT USING "##4#4.  #8888"3CH1 (1) CH1(I+1) ,CH1 (I+2) . CH1 (I+3),CH1(1+43 ,CH]
(1+5) ,CH1 (I+6)

790 NEXT 1

800 GOTO 670

810 REM END of ECHOING INFUT

820 REM THIS IS THE PROGRAM TO CALCULATE A.E,C PARAMETERS
830 PRINT "Exposure DOSE calculation is next ... "

840 NI = 1

8S0 IF CHO(NI) < PWCUT THEN NI=NI+1 :EBEEF : GOTO 850

860 NF = N

870 IF CHO(NF) < PWCUT THEN NF=NF-1 :BEEP : GOTO 870

880 TI=CHI1 (NI)/ (CHO(NI)*RG)

890 IF T1 » 1 THEN PRINT "TI ™ § at "INl :NI=NI+1 :GOTO 8&"
00 IF TI <= O THEM PRINT "Tl <= ¢ at "INl :NI=NI+1 :G0T0 880
910 TIMEI=T1(1)*N]

20 TIMEF=0

93¢ DOS=0 SUMIO=0 : INSUM=O

P40 1E=0

P50 1F=0

P60 IP=1P+1

70 IF IF > IPERIOQD GOTO 1080

P80 lA=1+1E

990 IER=IEB+N(IF)

1000 FOR I=IA TO IR

1010 IF CHO!I) <« PWCUT THEN EEEF :60T0 1060

1020 TIMEF=TIMEF+T1(1IF)

1030 PWO=CHO(I)

1040 DOS=DOS+PWI*T1(IF) :SUMIO=SUMIO+PWO

10850 INSUM=INSUM+1

1060 NEXT 1

1070 GOTO 960

1080 NF 1=NF

1090 AVG10=SUMIO/ INSUM

1100 PRINT "Average Intensity (air) = ";AVGIO

1110 IF CHO(NF1) < PWCUT THEN NF1=NF1-1 :BEEF :GOTO 1110
1120 TF =CH1 (NF1)/ (CHO (NF 1) *RG)

1130 IF TF > 1 THEN PRINT "TF > 1 at "iNFl :NF1=NF1-1 :G0TO 1110
1140 IF TF <= O THEN PRINT "TF <= 0 at "iNF] :NF1=NFi-1 :GOTO 1110
1150 TI=CH1 (NI)/ (CHO(NI) *RG)

1160 NF=NF1 INFINAL=NF1

1170 PRINT * »
1180 PRINT “++++++f+++*+++++++++++++++++¢+++¢+++¢**+++++¢‘"
1190 PRINT " *

1200 PRINT "Exposure starts at "t1:PRINT TIMEI::FRINT "sec"
1210 PRINT "Transmittance 1s "3:FRINT TI
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1220 PRINT "*

1230 PRINT "Exposure ends at "3:PRINT TIMEF::PRINT "sec”

1240 PRINT "Transmittance is "3;:PRINT TF

1250 PRINT *"*

1260 PRINT "Exposed Doses in Air "3 ¢:PRINT DOS $:PRINT " [(mJ/cm23"
1270 PRINT "Exposed Doses from Data "§:PRINT P(1)*#T2(1)3:PRINT " [mJ/cm2)"
1280 PRINT "*®

1290 PRINT * bt b Ll Lt e et D L P LD Lt T A A A

1300 PRINT " »

1310 REM get thickness of resist from RX file

1320 DEPTH$=DISKS$ + "2 + FILENAMES + "RX" + "_.DAT"

1330 PRINT "Finding thickness from "3;DEPTHS -
1340 OPEN DEPTH® FOR INFUT AS #1

1350 INPUT #1, RESISTS

1360 INFUT #1, DEVELOPERS

1370 INFUT #1, DEVTEMF

1380 INFUT #1, THICK

1390 CLOSE #1

1400 PRINT » *

1410 PRINT RESISTS

1420 PRINT DEVELOPERS

1430 PRINT DEVTEMF

1430 PRINT USING “###8_ ##8#8": THICK

1450 PRINT * - "

1460 PRINT "The thickness of the resist is "; THICK

1470 PRINT " "

1480 PRINT "

1490 REM ESTIMATE A,B,C

1500 REM

1510 REM . )

1520 REM CALCULATE THE SLOPE TO ESTIMATE C PARAMETER

1530 REM BASED ON STRAIGHT LINE FITTING y=TO+S#t

1540 PRINT "Flot of transmittance will be next. Hit any key. "

1550 IF INKEYS = "" THEN 1550

1860 GOSUB 4080

1370 FRINT "How many data from the beginning to estimate the slope "${:INFUT NS
1580 MVAL=1

1590 FULDOS=1000

1600 1IF DOS >=FULDOS THEN MVAL=0 : GOTO 1660

1610 PRINT "Dose < " 3FULDDS 3:PRINT "Give B value "3:INPUT EE

1620 PRINT "How many points at the end would give the last transmittance”
1650 PRINT "1f you don’t remember the last picture then type back "i:INFUT EAt $
1640 1IF BAKS < "back" THEN 1660

1650 GOSUE 4080

1660 PRINT "How many data from the end for the last transmittance “j:INFUT NA\
1670 BEEP

1680 NF 1=NF :NFS=NF-NAV+1

1690 NCUT=0 : TFSUM=0

1700 IF CHO(NF31) < PWCUT THEN NCUT=NCUT+1 :EBEEF :GOTO 173Q

1710 TF1=CH1 (NF1)/ (CHO (NF1) *RG)

1720 TFSUM=TFSUM+TF1

1730 NFi=NF1-1

1740 IF NF1 < NFS THEN GOTO 1760

1750 GOTO 1700

1760 NAVE=NF-NF {1 -NCUT

1770 TF=TFSUM/NAVE

1780 TFM=TF

1790 IF MVAL=1 THEN 1B10

1800 BE=-(1/THICK) #LOG (TF)

1810 REM Biginning of estimatiom

1820 EEEF

1870 X=0

1840 Y=0

1850 XY=0

1860 XX=0Q

1870 YVY=0

1880 VO=0




1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2270
2240
2250
2260
2270
2289
2290
2300
2710
2720
s

2330

2740
2350
2360

2370
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NIS=NI+NS-1

NDEAD=0

FOR I=NI TO NIS

IF CHO(I) < PWCUT THEN NDEAD=NDEAD+1 :BEEF : GOTO 2010
YI=CH1 (1) /7 (CHO(I) #RG)

XI=T1(1)#(I-NI+1-NDEAD)

Y =Y+Y]

X=X+X1

XY=XY+XIwY]

XX=XX+XI®XI

YY=YY+YI#Y]

VO=VO+CHO(T)

NEXT I

BEEF

NS=NS-NDEAD

TO=(Y#XX=X#XY) / (NS*XX=X%#X)

S = (NS*#XY—=X*Y)/ (NS*#XX=X%X)

10=RG#VQ/NS "intensity on the resist surface
FRINT » *

PRINT "Estimated Slope =";:PRINT S

FPRINT "Extraplated TO ="3;:PRINT TO

PRINT »

TF=EXF (-BE*THICK)

AE= (LOG(TF)~-LOG(TO0)) /THICK

CE =(AE+BE) #S/ (IO*AE+*TO*(1-TM) )

IF MVAL=1 THEN ME=-(LOG(TFM) /THICK+EE) /AE

PRINT "Estimated A Parameter ="3 :PRINT AE :AEO=AE

FPRINT "Estimated B Parameter ="i :!PRINT BE :EBEO=EE

PRINT "Estimated C Parameter ="§ :PRINT CE :CEO=CE

FRINT "Estimated M Farameter =": :PRINT ME :MEO=ME

F-RI NT " " .

IF MYAL=1 THEN PRINT "E was given from dose > "$FULDOS :GOTO 223¢
PRINT "B is based on the last "; :PRINT NAVE::PRINT " points. "
PRINT "# of dead points are "3 SPRINT NCUT

PRINT "C is based on the first "§ :PRINT NS::PRINT " points. "
PRINT "# of dead points are "3 SPRINT NDEAD

REM END OF A,E,C, ESTIMATION

TI=CH1 INI)/ (CHO(NI)*RG)

RT=TO/T1

PRINT » »

PRINT "“TO/TI ="3:PRINT RT

PRINT * »
SLOP=1

FRINT “"Do vou want to plot the slope in the first section Ey/nl "3 INFUT St

IF SLs <> "y AND SL$ <: "n" THEN 2320
IF SL$ = "y" THEN GOSUE 4080

SLOFP=0

LAST=1

PRINT “Do you want to plot the average TR in the last section [y/nl "::INFL

T LASTS

2780
2390
2400
2410
2420
2470
24430
2450
2460
2470
2480
2491
2500
2510

IF LASTS <> “y”" AND LASTS <> "n" THEN 2370

IF LASTS = "y" THEN GOSUE 4080

LAST=0

PRINT “"Do you want to re-estimate A.E,C L[y/n] "i:INFUT RES
IF RE$ <> "y" AND RES$ <> “n" THEN 2410

IF RE$ ="y" THEN 1540

REM

PRINT "ococezossmococsoomco===cosoomo= "

PRINT "Precision of A,B,C starts now ... "

ERASE CH1

DIM TRO(ZO00) , IR(100) ,M(100) ,DEFTH(100)

FRINT "Do you already know closer A.E.C Ly/nl "3:INPUT AECHS
IF AECHS <> "y” AND AEBCHS < "n" THEN 2490

IF ABCHS = "n" THEN 2550




2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
27350
2760
2779
2780
2790
2800
2810
2820
2830
2840
2850
2869
2870
2880
2890
2900
2910
2920
2970
2940
29%0
2960
2970
2980
2990
J000
010
IO20
JOT0
3040
J050
3060
2070
F080
090
I100
3110
120
3130
140
=150
160
3170
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PRINT "Give AR,H,C ":INFUT AE.EE,CE

IF BE < BEO THEN MVAL=1

IF MVAL=1 THEN MPAR=-(LOG(TFM)/THICK+BEE) /AE :PRINT "M = "3MFAR
PRINT * "

A=AE (E=BRE :C=CE

FPRINT A.B,.C

PRINT "The thickness division is given "iNDX

PRINT * »

FOR IP=1 TO IPERIOD

PRINT “PERIOD *“3I1IF

JSTEFP (IP)=JSTEF A

PRINT " # of data = "§N(IP)$:PRINT " Current JSTEF = "$JSTEPF
IF (NF-NI) < 100 THEN 2670

IF N(IP) > NEACH THEN PRINT "Change JSTEP "3:INPUT JSTEP(IP)
IF JSTEP(IP) < 1 THEN PRINT "..,. JSTEF < 1 ... WRONG '!'' " :G0OTO 20610
NEXT IF

GOSUE 3500

IF MSD < .0001 THEN MSDF=MSD :GOTO 3440

IF MSD > .002 THEN FRINT "ESTIMATE AGAIN ' ":GOTO 2520
FC=S0R (MSD)

PA=FC :PE=-PC

REM Refinement of C.A,and B parameters

MSDF=MSD :MSDRDS=MSD

FOR IROUND=1 TO 3

FPRINT "===== ROUND "3IROUND ;:PRINT " =a==="

REDU=0

SET=0

C=CE#* (1+FC)

PRINT "Previous MSD = "iMSDF ;:PRINT " ... process C now *
GOSUE 3500

IF MSD > MSDP THEN 2900

SET=0 :REDU=0O

CE=C :MSDFP=MSD :PC=SQR (MSD)*PC/ARS (FPC)

IF MSD=< .0001 THEN 3440

IF MSD » MSDF%.,997 THEN OUTLOOFP=1 ELSE QUTLOOP=0Q

IF QUTLOOFP=1 THEN 2940

IF MSD < ,0005/IROUND THEN 294Q

GOTO 2790

IF SET=0 THEN PC=-FC :(SET=1 :GOTO 2790

IF REDU=1 THEN C=CE :60T0 2940

PC=PC/2 ¢REDU=REDU+1

GOTO 2790

REDUA=O

SET=ii

A=AE* (1+FA)

PRINT "Previous MSD = “i{MSDP $:PRINT " ... process & now "
GOSUE 3500

IF MSD » MSDF THEN 3070

SET=0 :REDUA=0

AE=A :MSDF=MSD :PA=SOFR(MSD)*PA/AES(FA)

IF MSD <= ,0001 THEN 3440

IF MSD » MSDP#.997 THEN OUTLOOF=1 ELSE QUTLOOP=O

IF QUTLOOP=1 THEN X110

IF MSD < .0O00S/IROUND THEN 3110

GOTO 2960

IF SET=0 THEN PA=-PA :SET=1 :G60T0O 2960

IF REDUA=1 THEN A=AE :G60TO 3110

FA=PA/2 ¢ REDUASREDUA+1

GOTO 2960

REDUER=0

SET=0

B=BE+ (1+FB)

PRINT "Previous MSD = "iMSDF ::PRINT * ... process E now "
GOSUB 3500

IF MSD > MSDP THEN 3240

SET=0 :REDUE=0 -
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3850
3IB&O
3870
3880
3890
JI00
3910
JIP20
IF30
3940
IS0
JI60
3970
IFB0
I990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140

4150

4160
4170
4180
4190
4200
4210
4220
4230
4247
4250
4260
42740
4280
4290
4700
4310
4320
4730
4740
4780
4360
4370
4380
4790
4400
4410
4420
4430
4440
4450
4860
4470
4480
4490
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PRINT "Plot for calculated and experimental TR is next. Hit any key."
IF INKEYS = "" THEN 3860
PREC=1
GOSUE 4080
PREC=0
PRINT » ©
PRINT "Do you want to save it [y/nJ] ";:INPUT MX$
IF MXS$ <> "y” AND MX$ <> "n" THEN 3910
IF MXx$ = *"n" THEN ERASE TRO,IR,M,DEPTH :GOTO 2480
PRINT "Which disk do you want it to be saved {asbl "3:INPUT DISKs
FILEMX® = DISKS$ + ":" + FILENAMES$ +"mx" +".,dat"
OPEN FILEMX® FOR OUTPUT AS #1
PRINT #1,RESISTS
PRINT #1,USING "####, #####" ; BEKTEMP
PRINT #1,USING "##84.  #8388"jRKTIME
PRINT #1,USING "#4#34 ###84"5A, K, C
PRINT #1,USING "“H####. ##84#"; (NDX+1) ,THICK,DOS,REFL
FOR I=0 TO NDX
PRINT #1,USING "###8, #8888 M(1) ,DEPTH(ID)

NEXT I

CLOSE #1

END

PRINT "GO GET THE REQUIRED DATA !!'!"3:END

REM Flot Subroutine

CLS :KEY OFF :SCREEN 2

BEEFP

MG=1

MGY=1

FRINT "FILE NAME =":FILENAMES 3§ :PRINT * lo ="3AVGIO: tPRINT “(mW/cm>1":
PRINT * DOSE ="3D0OS 3:PRINT "I[md/cm2l"”

NSRT=NI : NEND=NF

NSUM=0

FOR IP=%1 TO IPERIOD

NSUM =NSUM +N(IP)

PRINT "The end of period ":i1IF $:PRINT " "3 NSUMIIFRINT " dt = "iTi1¢IfF
NEXT IF

PRINT “"Flot Range X1,X2 "3:INPUT NSFKT,NEND

PRINT "Magnification X,Y "3i:INFUT MG,MGY

NMGSET=0

IF MG < O THEN NMGBSET=1 :MGA=AES (MG)

Mik=1

IF MG <= O THEN MG=1: MK=MGA :NN=INT ((NEND-NSRT)/MGA+1) :GOTO 4Z80

NN=MG# (NEND-NSFT) +1

k=1

GOSUB 4940

IF PREC=1 THEN PRINT "A,E.C,MSD "::FRINT USING " #.###8# """ “IA,B.C.M3D

FOR I=1 TO NN STEP MG
Y=MGY# TRV (K+NSRT-1)
IF PREC = 1 THEN Y1=MGY#TRO (K+NSKT=1)
PSET (1-(I\639) #639, 199-Y#20)
IF PREC = 1 THEN PSET (1-(I\639) %639, 199-Y1#20)
IF 17639 = I\639 THEN 4770
K=k +MK.
NEXT 1
IF SLOF <> 1 THEN 4470
K=1
FOR 1=1 TO NN STEP MG
IF 1 < NI THEN 4460
Y= (TO+S#T1 (1) # (K+NSRT-1-N1)) #MGY
FSET (I-(I\639) %639, 199-Y*20)
Kak +ME
NEXT 1
IF LAST <> 1 THEN 4540
kel
FOR 1= 1 TO NN STEF MG
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4500  Y=MGY#EXP (~EE*THICK)
4510 PSET(I-(I\639) #4639, 199-Y#20)
4520 KsK+MK

4530 NEXT 1

4540 IF NEND > N GOTO 4820

4550 PRINT "Do you want to check the date in the plot [y/n] "3:INPUT PFs3
4560 IF FRS® <> "y" AND PRS <> "n" THEN 4SS50

4570 IF PR$® = "n" THEN 4730

4580 PRINT "Beginning number "3jNSKT

4390 NQ@=INT ( (NEND-NSRT+1)/7)

4600 NEE=7#NQ+NSKT-—-1

456190 NR=NEND-NEE

4620 FBR I=NSRT TO NEE STEF 7

46370 PRINT USING "###4. #8888 " TRV (1) , TRV (I+1) ,TRV(I+D2) ,TRV(I+3) , TRV(1+4), TRV I+E
Y, TRV (I+4)

4640 NEXT I

4650 IF NR=0O THEN 4720

4660 I=0

4670 I=1+1

4680 PRINT USING "##dH, 8NN #R" TRV (NEE+I) ¢

4690 IF I >= NR THEN 4710

4700 GOTO 4670

4710 PRINT 882 & 2"

4720 PRINT "Ending number "3$NEND
4730 PRINT “"Do you want to see another section [y/n] "i:INFUT SEES
4740 1IF SEE$ <> "y" AND SEE$ <> “n" THEN 4730

4750 IF SEE$="y" THEN CLS : GOTO 4130

4760 IF SEES$ = "n®" THEN 4820

4770 PRINT “Do you want to plot further [y/nl "i:INPUT YES
4780 IF YES$ <> "y" AND YES$ <> "n" THEN 4770

4797 1IF YES = "y" THEN CLS

4800 GOSUE 4940

4810 GOTO 4380

4829 RETURN

4870 REM AUTO CONTINUE

4840 VS="0"INTON=440/7 :RO=(

4850 M=440¢

4860 IF RO: 10 THEN 4930

4870 SOUND M, .7

4880 VS=INLEYS

4890 IF Vvs="y" THEN GOTO 4930

4900 1IF Ve="n" THEN GOTO 4930

4910 IF M>1320 THEN RO=RO+1:M=M-RO*B88 :GOTO 48560
4920 M=M+NTON :GOTO 4870

4930 RETURM

4947 REM subroutine grad

4930 SCALE=MG :XTIC=10 :YTIC=.1

4960 1F NMSET=1 THEN SCALE=1/MGA

4970 NGRID=XTIC#SCALE :LRESET=10#NGRID

4980 LTEN=-1 :LXTEN=1

4990 FOR L=1 TD 631 STEF NGRID

SO000 PSET(L, 199

SOL0O LTEN=LTEN+1

5020 IF LTEN=LXTEN#10 THEN LXTEN=LXTEN+1 :PSET(L,198)
S0T0 NEXT L

S040 NYSTP=YTIC#20#MGY :NYRESET=S#NYSTF

SO0 FOR LY=0 TO 199 STEP NYSTP

S06H PSET(1,199-LY)

S070 IF LY/NYRESET=LY\NYRESET THEN PSET (2, 199-LY)

S0B0 IF LY/2/NYRESET=LY\ (2#NYRESET) THEN FSET(3.199-LY):PSET (4, 199-LY)
5090 NEXT LY

S100 RETURN



Appendix B
The BASIC Program for Development

10 REM Program Name: DEVELOF.BAS by Deok J. Kim version: 2.1 Dec 20

e

20 REM Purpose: to collect data by controlling the Tecmar A/D converter

30 REM maximum data rate = S50 for the safety
40 REM maximum data rate = 25 with graph in real time
S0 REM

106

’82

60 DIM H(&000) ,L (6000) *still have room to spare, check with "prant fret)"
70 DEF FNECD(X) = X+&#(X\10) "convert an integer from binary to BCD form, thi

s function is only good for 8 bits data thus 99 is the ma»ximum value
80 REM

0 PRINT » ¢
100 PRINT “##s##x%#% ANSWER THE FOLLOWING #***#xus"
110 PRINT "Resist name "3 INFUT RESISTS

120 PRINT "Developer [say, MiF 1:3, 3 is the water)"::INFUT DEVELOFERS
130 PRINT "Develop Temperature L CJ";:INFPUT DEVTEMP

140 PRINT ™ =

1530 PRINT "each wafer is given a file number by the user; the"
160 PRINT "file number should be of the form mmddrr, where mm is"
170 PRINT "month, dd is date, and rr is run number, example: on"
180 PRINT "May 1T we do run 95 the file number would be given 051395
190 PRINT * °*°

200 ERASE H,L ’erase the previous result

210 DIM H((&6000) L (6000) *still have room to spare, check with "print
220 PRINT »* »

‘230 PRINT “The following measurement is for ..."

240 PRINT RESISTS

250 PRINT DEVELOFPERS

260 PRINT "Dev Temp ";DEVTEMP

270 PRINT » »

280 PRINT "All correct [y/nl ";:INFUT FPRCS

290 IF PRCS <> "y" AND PRC$ <> “n" THEN 220

300 IF PRCS = "n" THEN 90

310 PRINT "Specify file number ( 00QQOQ = end ) "3 INPUT AS

320 IF AS="000000" GOTD 2S00

30 Bg="H:"

340 D$="_,DAT"

35S0 Is = BS + AS + DS

J60 ITS = B$S + A% + "T" + Ds

370 REM

380 NMAX=6000 :DTMIN=.(02# :DTMAX=60! :DTPLOT=.04#%

390 PRINT "Did you expose the resist Cy/nJ].";:INPUT EXFOS

400 IF EXPOS <> "y" AND EXPOS <> "n" THEN 390

410 IF EXPO$="n" THEN D=0 :T2=0 :60OTO Si0

420 PRINT “Reading Exposure File ... "

430 OPEN IT$ FOR INPUT AS #1

440 INFPUT #1, RESTS

450 INPUT #1, BETEMF

460 INPUT #1, BKTIME

470 INPUT #1, PERIOD

480 INFUT #1, NT,ET1,D,T2,REFL

49¢ CLOSE #1 )

S00 IF RESISTS <> RESTS THEN PRINT "Check the Resist Name, "

S10 PRINT "Exposed Dose (mJ/cm2) "“3D#T2

S20 PRINT » »

530 PRINT "Give the number of sampling points.": : INPUT N

S40 IF N > NMAX THEN PRINT "MAX = 6000 " :GOTO S30

S50 PRINT " * :

960 PRINT "minimum data collection rate for safety : til(sec) =";DTMAX
S70 PRINT "maximum data collection rate:"

fre(x)
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FRINT "without displaying data in real time : ti(sec) ="3DTMIN
PRINT "with displaying data in real time : tl(sec) ="3DTPLOT
PRINT "

PRINT "time between sampling points (sec)"i : INFPUT T1
IF T1 < DTMIN THEN PRINT “"miminum is "$DTMIN :GOTO SBC
IF Ti1 < DTPLOT THEN PRINT "... plot miminum is “"3DTFLOT
IF T1 > DTMAX THEN PRINT "maximum is "3DTMAX ! GOTO 610
CLS

ARO=0

&70 PRINT "This is the input.”

680
690
700

PRINT "

PRINT "The data file name is ”;AS':IF AEBO=1 THEN INPUT AS
PRINT "Exposed Dose (mJ/cm2) “;D*T2

710 PRINT "# of sampling points "jiN :IF AERO=1 THEN INPUT N

720 IF N > NMAX THEN PRINT "MAX = "jNMAX :GOTO 710
730 PRINT "Time interval "3T1 :IF ARO=1 THEN INPUT T1!
740 IF T1 < DTMIN THEN PRINT “"miminum is “3DTMIN : GOTO 730
750 IF T1 < DTPLOT THEN PRINT "... plot miminum is “;DTPLOT
760 1IF T1 > DTMAX THEN PRINT "maximum is "§DTMAX : BOTO 73¢
770 PRINT " "
780 1IF AEO=1 THEN AEBO=0 :GOTO 470
790 PRINT "Do you want to change any one above [y/n] "i:INPUT AEO®
800 IF AEROS <> "y" AND AEQO® <> "n" THEN 790
810 IF ABO$ = "y" THEN AERO=1 :GOTO 680¢
820 REM
830 PRINT " *
840 ADRS=1808 *1/0 starting address of Tecmar Lab Master Eoard
850 OUT ADRS+9,25% ‘master reset the timer
860 OUT ADRS+9,9S *load all counters
870 X = INF (ADRS+6) ‘reset the status bit
880 0OUT ADRS+4,128 *control byte of A/D (10000000)
890 OUT ADRS+S5,CHAM *A/D input channel number
900 OUT ADRS+9,23 ‘data pointer to master mode register
@10 OUT ADRS+8,0 *master mode reg 1 (0000 O O OO)
2?20 OUT ADRS+8,128 *master mode reg h (1 0 O O QOO
30 OUT ADRS+9,S *data pointer to counter mode reg of counter S
940 OUT ADRS+8,49 *counter mode register 1 (00110 001)
9S00 TA=.7S5 (PA=.001 (CMRH%=14
960 TTA=TA/PA (TEMPA=TTAN1IOQ
70 TLLYZ=FNECD(TTA-TEMPA*100)  :TLHZ=FNECD (TEMPA)
980 OUT ADRS+8, CMRHZ
990 OUT ADRS+B, TLLZ
1000 OUT ADRS+8, TLHYZ
1005 PRINT " ¢
1010 PRINT "Load a substrate(RESIST SURFACE at BOTTOM) and align the detector.”
1020 PRINT "1f you hit any key the voltage will be printed out on the screen."”
1030 PRINT “Least background light is desirable. So, turn the room light cff.”
1040 PRINT "Adjust the detector positioner such that the main beam must be ”
1050 PRINT "focussed within the diode window."
1060 PRINT "Also adjust gain such that voltage 1s around T volts at least.”
1079 PRINT "When you get the right beam watch at least 10 samples printed out.”
1080 PRINT “Then hit any key one more time."
1090 PRINT “ ©
1100 PRINT "“Now hit any key for the voltage measurement.”
1110 J=0
1120 IF INKFEYS = " THEN 1120
1130 0OUT 1817,112 :0UT 1812,132
1140 IF INF(1812) < 128 THEN 1140
1150 H=2S56#INP(1814) + INP(1813)
1160 IF H > 32767 THEN H=H=-65536!
1170 HaH/204.8
1180 K=J-(J\N1Q) =10
1190 G(K)eH J=J+}
1200 PRINT USING "##8"3K3:PRINT USING "###.#888" §H
1210 IF INKEYS <> "" THEN 1230
1220 GOTO 1140
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PR 1 NT " 1]

HMIN=G(Q) :HMAX=G(9) :GSUM=0

FOR I=0 TD 9

IF G(1) < HMIN THEN HMIN=G(I)

IF G(I) > HMAX THEN HMAX=G(1)

GSUM=GSUM+G (I)

NEXT 1

GAV=GSUM/ 10 :DHX=(HMAX=GAV) /GAV :DHN=(GAV-HMIN) /GAV
DMAX=DHX :IF DHN > DHX THEN DMAX=DHN

PRINT "The power is averaged for the last 10 samples.”
PRINT “Power ="3GAV;:PRINT " ( +-"3DMAX*1003:PRINT "% )"
IF DMAX <= .01 THEN 1360

PRINT “Deviation is large."

PRINT "Will you align the beam again ? [y/n] " ::INPUT REALNS
IF REALNS <> "n” THEN 1005

REM now ready to collect data

ADRS=1808 *1/0 starting address of Tecmar Lab Master ERoard
OUT ADRS+9,285% 'master reset the timer

OUT ADRS+9,9S ’load all counters

X = INP (ADRS+&) ‘reset the status bit

OUT ADRS+4,128 'control byte of A/D (100000OH0)

OUT ADRS+S, CHAN *A/D input channel number

OUT ADRS+9,23 *data pointer to master mode register

OUT ADRS+8,0 "master mode reg 1 (QQO0O O O 00)

OUT ADRS+8,128 " "master mode reg h (1 ¢ O O QOOO) .

OUT ADFS+9,5 *data pointer to counter mode reg of counter S

OUT ADRS+8, 49 "counter mode register 1 (00110 OO01)

REM fast clk range = .001 to 9.999 seci slow clk range = .01 to 99.99 sec
IF T1 <= 2 THEN FAST = { ELSE FAST = ¢ "DECIDE TO USE FAST OF SLOW CLOCH
IF FAST = 1 THEN P = 001 ELSE P = ,01 P = PERIOD OF TIMER CLK FULSES
T1 = Ti/F “ti=timer load value in integer form

REM convert the timer load value from 16-bit binary to 16-bit EBCD

REM the timer load values are in ECD format, 0-9999 for 16-bit data

TEMF = TIN10O

TLLZ = FNECD:TI-TEMF+100)

TLHY% = FNECD(TEMF)

IF FAST=1 THEN CMFH%=14 ELSE CMRH%=15 ®14d4=use f4(.001s) 1S=use #S5i.0ls>

DUT ADRS+B, CMRHY "counter mode reg h (OO0 O111Q)

OUT ADRS+8,TLL% ‘counter load value 1 clvsx+b*int (x /710N
OUT ADRS+8, TLHY *counter load value h

REM the following program segment has been optimized

REM 1817 = adrs+9 adrs=1808

REM 1812 = adrs+4

REM 1813 = adrs+S

REM 1814 = adrs+é&
IF T1 »>= DTPLOT THEN GOTO 2050
PRINT "###%% NO-FLOT during the data collection #x»xs"
REM #+% between the two marks the program has to run quick as a rabbit
PRINT "Hit any key to stop during data collection ”
FRINT "when ready type go"”
INFUT Gs
IF Gs<:>"go" THEN 1700
PRINT "collecting data..."
OUT 1817,112:0UT 1812,132
FOR I=1 TO N
IF INP(1B812)<128 THEN 1760
LD =INP(1BI13)tH(I)=INP (1814):IF INKEYS$<:"" THEN 1810
NEXT 1
REM ### the program can now leisurely wallk as a turttle
GOTO 1830
N =1 'because the data collection was cut short, sc 1g n
PRINT "# of data collected = "IN
REM convert data from two's complement to floating point format
PRINT "processing data..."
FOR I=1 TO N
H(I)=2S6#H(1)+L (1)
IF H(1)>327867 THEN H(1)=H(I)-6553&"
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1880 H(1)=H(I)/204.8

1890 NEXT I

1900 REM

1910 CLS: KEY OFF : SCREEN 2

1920 GOSUE 2520

1930 GRID = Q

1940 FOR I=1 TO N

1950 PSET(I-(I\L39)#639,198~-H(1)*20)

1960 IF 1/639 = I\639 THEN GRID=1 :CLS

1970 IF GRID = O THEN 2000

1980 GOSUE 2520

1990 GRID = ¢

2000 NEXT 1

2010 BEEP :BEEP :HBEEP

2020 PRINT "Read the development temperature "$:INFUT DEVTEMF

2030 IF DEVTEMF <=0 OR DEVTEMF > 100 THEN 2010

2040 GOTO 2360

2050 REM This routine is the data collection routine during which the collectecd
206C¢ REM data are displayed in real time: consequently, the rate of daote
2070 REM collection is slow. date rate = 1/.032 = 31

2080 REM Note: In order to save exeuction time, this segment of the code worlcs

2090 REM for pos:itive voltage only.

2109 REM graphices information

2110 REM ( o, O) (639, 0) each coordinate pair = (x,y) or (cel.,row’
2120 REM ( 0,199) (639,199) the whole screen = 640x200

2130 CLS ‘tlear screen

2140 KEY OFF “turn off the function-key display

2150 SCREEN 2 *high-resolution graphic screen (640%x200)
2160 REM ##% between the two marks the program has to run quick as a rabbit
2170 PRINT "Hit any key to stop during data ¢ollection *
2180 GOSUE 2529 )
2190 PRINT "when ready type go ";:INFPUT G$
2200 1IF Ge<>"go" THEMN 2190
2210 0OUT 1817,112:0UT 1812,132
2220 FOR I=1 TO N
2230 IF INP(1812)<128 THEN 223C
2240 H(I)=(256+ (INF(18148))+INP(1813)) /204, B:FPSET{I=(I\6T9) #679,198~H (1 #2031 IF ]
NEEYS< >"" THEN 2290
2230 IF 1/639 = I\639 THEN CLS
260 NEXT 1
2270 REM ##% the program can now leisurely walk as a turttle
2280 GOTO 2300
2290 N = 1 ‘because the data collection was cut short. so 1= n
2300 PRINT "# of data collected = "3
2710 GOSUER 23520
2720 REM
2330 BEEP :REEF :EEEF .
2740 PRINT "Read the development temperature "i:INFUT DEVTEMF
2350 IF DEVTEMF <=0 OR DEVTEMF > 100 THEN 2330
360 PRINT "saving data on "3;B$+A$+D$
2770 OPEN 1% FOR OUTFUT AS #1
2380 PRINT #1,RESISTS
2790 PRINT #1,DEVELOFERS
2400 PRINT #1,DEVTEMF
2410 PRINT #1.USING "#e#n_ #8888 "3N,T1,D, T2, REFL
2420 FOR I=1 TO N STEF 7
2470 PRINT #1,USING "#H6#8 #H8R";H(I) H(I+1)  H(I+D) H(I+T) ,H(I+4) JH(I+5)  Hil+&)
2440 NEXT 1
2450 CLOSE #1
2460 PRINT » »
2470 PRINT "Will you continue {y/n] "::INPUT CONS
2480 IF CONS <> "y" THEN 2500
2490 GOTO 200
2500 PRINT “«##xs THANK YOU FOR CHECKING EVERYTHING R 2 L 5.5
2510 END



REM Subroutine GRID

MG=1 :MGY=1

XTIC=10 :YTIC=.5

NGRID=XTIC#MG :LRESET=10#NGRID

LTEN=-1 tLXTEN=1

FOR L=1 TO 631 STEFP NGRID

PSET (L, 198)

LTEN=LTEN+1

IF LTEN=LXTEN#10 THEN LXTEN=LXTEN+1 :PSET(L,197)
NEXT L

NYSTP=YTIC#20#MGY :NYRESET=2#NYSTF

FOR LY=0 TO 198 STEF NYSTF

PSET (1, 198-LY)

IF LY/NYRESET = LY\NYRESET THEN PFSET(Z2,.198-LY)

IF LY/S/NYRESET = LY\ (S#NYRESET) THEN PSET (3, 198-LY):FSET (4,198-LY)

NEXT LY
RETURN
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YA=0?: ARROW=01: MAN=O

NS=1 { NE=N ’'This is the default plot range

CLS :KEY OFF :SCREEN 2

GOSUE 2540

NMGSET=0 :NSALL=NS :NEALL=NE

PRINT “Can you find all the verteces from the picture [y/nl";:INPUT APYS
IF APVS <> "y" AND APVS$ <> "n” THEN &40

IF APVS = "n" THEN S60

PRINT " *»

PRINT "1 the drop point and the first vertex are not distinctive "
PRINT "then take the next one as the first vertex" -
PRINT » .

PRINT “Type i for first peak or 0 for first valley "i:INPUT FIRST

IF FIRST <> 1 AND FIRST <> O THEN 710 :
PRINT "How many peaks and valleys ? @Give the total number. "3:INFUT NFVS
IF FIRST=1 THEN PRINT "### First peal ###"

IF FIRST=0 THEN PRINT "##% First valley #*s"

PRINT "The total # of peaks and valleys = "iNPVS

IF NPVS < 1 THEN 700

REM Biginning of arrow-work

IF MG < 1 THEN PRINT "Divide the picture properly. MG -= 1":60TO Sé&
ISUM=0 :NTEST=NFPVS+1

YA=1 *for Arrow-Work Routine

FRINT » »

FRINT *

PRINT “The picture will come up on the screen. When you decide the"

PRINT "arrow position an arrow begins to grow from the left side.”
PRINT "You should stop it as soon as it passes the interested point"
PRINT "by hitting any key. Hit again and 1t grows again."

PRINT "Repeat the action until you find. all points."”

PRINT "Plot "iNS3:PRINT " - "$NE::PRINT " : Mag x="$MG::PRINT ",y="iMGY
PRINT "You may change mag in » and y "j:INPUT MG,MGY

IF MG < 1 THEN PRINT "### Mx must be PDSITIVE INTEGER +#+" :G60TO 00

IF (MG* (NE-NS) > 600 ) THEN NE=NS+INT (600/MG)

PRINT "You can vary the speed of arrow. Min=1,Max=7"::INPUT SFEED

IF SFEED < 1 OR SPEED » 7 THEN 930

NSFEED=INT (8~-SFEED)
IF (MG*(NE-NS) > &00 ) THEN PRINT "Change end-peoint “3i:INFUT NE
IF (MG*(NE-NS) : 600 ) THEN FRINT "Too large !'!":GOTO 960

CLS:KEY OFF:SCREEN 2
GOSUE 2540
PRINT "Give arrow position. O < ma:x.min < 10 "3$:INFUT YMAX,YMIN

1010 IF YMAX <= O OFR YMIN >= 10 THEN 960

1020

IF YMIN <= O OF YMAX >= 10 THEN 960

1070 GOSUER 2220

1040

IF ISUM : NTEST THEN 1070

1050 NS = NFV(ISUM-1) :NE=N

1060

ARROW=1 :GOTO B10

1070 SMTH$ = “n”

1089 REM Find oput the points around the arrow-stop
1090 FEM Computer will search 10 points around 1t.
1100 REM Find drop-point first.

1110 N1=NPV(0) -5

1120

IF NI ¢ 1 THEN N1 = 1

1130 NDROP=NPV (0)+5
1140 IF V(NDROP-1) > V(NDROP)#1.3 THEN 1190
1150 IF NDROP=N1 THEN 1190

1169

EEEP

1170 NDROP=NDROF - 1

1180 GOTO 1140

1190 NPV (0)=NDROP+1

1200 REM Find peaks and valleys
1210 TEST=FIRST :1T=0

1220 IF TEST = { THEN BGOSUER 3360
1230 1IF IT >= NPVS THEN 1280
1240 IF TEST = O THEN GODSUE 3450
1280 IF 1T »= NPVS THEN 1280
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EEEP

GOTO 1220

REM Find the flat point

N1=NPV (NPVS+1) +1 IN2=NPV (NPVS+1) +5

IF N2>N THEN N2=N

NFLAT=N2

IF NFLAT < N1 THEN NPV (NPVS+1)=NFLAT :GOTO 1410
NFLAT1=AES (VINFLAT-1)-V(NFLAT))

NFLAT2=ABRS (V(NFLAT-2) =V (NFLAT))

NFLAT3=AERS (V(NFLAT-3) -V (NFLAT))

IF NFLAT1 > 003 AND NFLAT2 > .003 THEN 1390
EBEEP

NFLAT=NFLAT-1 :60TO 1320

IF NFLAT3 > .003 THEN 1410

NFLAT=NFLAT-1 :6OTO 1320

NPV (NPVS+1)=NFLAT

REM Check the points

NS=1:NE=N:MGE=1:MGY=1:YA=0

CLS:KEY OFF:SCREEN 2

PRINT "#x##+ X~Mag must be FOSITIVE INTEGER #s#%s"
PRINT "#xs## (plot-points) x (X=Mag) <= 630 #*¥sx"
LIMPLOT=1

GOSUE 2540, .

IF LIMPLOT=1 THEN' 1440

GOSUE 3540 ’

PRINT * »
PRINT "... correct [y/nl) "3$:1INPUT ALCS
IF ALCS <> "y AND ALCS <: "n" THEN 1520

IF ALC$ = "n" THEN 1590
PRINT "Did you check all verteces [y/nl] "3:INPUT ALCHS
IF ALCHS <> "y" AND ALCHS$ <> "n" THEN 1550
IF ALCH$ = "n" THEN 1430
GOTO 1800
MAN=1
PRINT "How many are unbalanced "3$:INPUT MH
IF MH =0 OR MH=> (NPVS+2) THEN 1600
DIM WFR(3I0)
PRIMNT "Enter the wrong one "
FOR I=1 TO MH
INFUT WR(I)
NEXT 1
FOR JW=]1 TO MH
NW=WFR (JW)
CLS:KEY OFF :SCREEN 2
PRINT "#x%#ex% correcting = "jNFVI(NW)
NE=NPV (NW) +10 INS=NFV(NW) =10 2IF NS <= 0 THEN NS=1
MG=%
GOSUE 2540
GOSUER 3540
PRINT "Enter the right number “3§:INFUT NPV (NW)
NEXT Jw
MAN=0
ERASE WK
GOTO 1430
PRINT » =
PRINT 03030003098 30 4630 33626059096 3636 96969636 969696 30353036 36 36 36 36 90 26 36 0 35 30 B 00 36 4040 2 00 26 30 96
PRINT » » )
PRINT "The information obtained from the plot-work"
PRINT * =
PRINT "t i 033 28 00335 002 A5 06 T2 43020 30930030 0 3 28 *°
FOR 1=1 TO NTEST
IF NPV(I) < NPV(I-1) THEN FRINT "Wrong order in vorte: number.":GOTO &S
NEXT 1
PRINT » »
PRINT "Drop point ="3:PRINT USING "####8"iNFV(O)



1910
1920
1930
1940
1950
1960
1970

FIRST=0 :I=1 :JX=0
IF VINPY (1)) > VINPV(2)) THEN FIRST = }
IF FIRST = 1 THEN I=0 :JX=1
FOR J=1 TO NFPVS
I=I+(=1)"(J+3IX)
K=ABS (1)

PRINT USING “"###"8K: (PRINT USING "##H##8"INPV(J) s tPRINT USING

VNPV (J))

1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2259
2260
2270
2280
2290
23(:)(:)
2710
2320
23730
2340
=250
2360
2370
2380
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2570
25440
2950

2560

NEXT J

PRINT "End point ="j:PRINT USING “#####";NPV (NFVS+1)
PRINT *» »

PRINT "Do you want to check [v/nl "3:INPUT COFRs
IF CORs <> "y" AND COFR% <> "n" THEN 2010

IF CORs = "y" THEN 1420

IF SMTH$ = "y THEN 2250

PRINT "Do you want to check noise [y/nl] "j:INFUT CNSs
IF CNSs$="n" THEN 2250

PRINT "###%#%# noise checking »#xxx"

NOISE=. 05

NS=1 INE=NFV(0)

GOSUE 3780

FOR NC=1 TO NPVS+1

NS=sNPV (NC-1) NE=NFV (NC)

GOSUE 3780

IF NOI$ <> “"x" THEN 2160

GOSUE 3780

NEXT NC

NS=1 :NE=NFV{(NFPVS+1)

CLS:KEY OFF:SCREEN 2:MG=1:MGY=1

GOSUE 2540

FPRINT " »

PRINT "All smooth out Ly/nl "j:INFUT SMTHS

IF SMTHS <> "y" AND SMTHS <> "n" THEN 2210

IF SMTH$ = "y" THEN 2250

GOTO S150

PRINT "On which disk do you want to save it [a/bl "i:INFUT SvVs
IF Svs <. "a" AND SV$ «.: "b" THEN PFINT "Tvpe a or b “:B0T0 22S

PEAKS = SV$ + ":" + FILENUMEERS + "p" + "." + "dat"
NDFF=NFVS+2
OFEN PEAFS FOR OUTFUT AS #1
FRINT #1,RESISTS
PRINT #1,DEVELOFERS
FRINT #1,DEVTEMP
PRINT #1,NDFF,DT,PW, TE.REFL
NDFF 1=NPVS+1
FOR IP=0 TO NDFF1
PRINT #1, USING "####. 988887 NPV (IF) ,VINFV(1F) )
NEXT IP
CLOSE #1
FILENOS=SVS$+": "+F ILENUMBERS+"no"+".dat "
OFEN FILENOS FOR OUTFUT AS #1
PRINT #1,RESISTS
PRINT #1,DEVELOFERS
FPRINT #1,DEVTEMF
PRINT #1,NPV(NFVS+1),DT,FW, TE, REFL
FOR I=1 TO NPV (NPVS+1) STEF 7
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"HNN, HHEBA S

PRINT #1,USING "WHH#. #RHNN 3V (I) (VII+1) V(I+D) WV (I+3),Vil+4),V{I+%5) ,vil+a)

NEXT 1

CLOSE #1

END

REM

REM

FREM This is the subroutine PLOTMAG.

PRINT "Total # of data "3

PRINT "Flot range from "3JNS::PRINT " to “j§NE
IF YA <> @ THEN 2740



2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
cll

2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2830
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
J000
3010
3J020
FO30
3040
F0OS0
J060
J070
080
3090
2100
3110
3120
3130
2140
3150
3160
F170
180
2190
I200
3210
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PRINT "Will you change the plot range Ly/nl "3:INPUT PCHS
IF PCHs="y" THEN PRINT "Give two numbers. #1,#2 "j:INPUT NS,NE

IF LIMPLOT=1 AND (NE-NS) »630 THEN PRINT "Maximum points <= &30":GOTO 2570

IF NS > NE THEN PRINT "You are a fool. Nstart < Nend '!'":GOTO 2570
PRINT "Do you want to change magnification [y/nl"s:INPUT MAGS

IF MAGS <> "y" AND MAGS <> “n" THEN 2610

IF MAGS = "n" THEN 2690

NMGSET=0

PRINT = in X-axis “§IINPUT MG

IF LIMPLOT=1 AND MG < 1 THEN PRINT "Give positive integer.":G60TO 2640
IF MG < O THEN NMGSET=1 :MGA=AKS (MG)

PRINT * in Y-axis "§:INFUT MGY

TST=NS*DT

TEND=NE#*DT

PRINT * *

PRINT "Plot begins at "3$TST3:PRINT “sec"3$:PRINT " ends at "3;TEND::FRINT

PRINT » *
MK=1
IF MG <= O THEN MG=1:MK=MGA:NN=INT ( (NE-NS)/MGA +1):G0TO 2770¢
NN=MG# (NE-NS) +1
IF LIMFLOT=1 AND NN > 638 THEN PRINT “DIVIDE PLOT-RANGE '‘'"
GOSUE 4970
IF LIMPLOT=1 AND NN > &38 THEN RETURN
LIMPLOT=0
K=1
FOR I=1 TO NN STEF MG
Y=MGY#V (K+NS—-1)
PSET(I-(I\&TF) #6139, 199-Y*#20)
IF 1/639 = I\639 THEN 3150
K=k +Mk.
NEXT 1
IF NE "> N GOTO 3210
IF IR > t THEN 3214
IF MAN <> 1 THEN 3210
PRINT "Do you want to check the data in the plot [y/n) ":i:INFPUT FF$
IF PRS <> "y” AND PR$ <> "n“ THEN 2910
IF PR = "n" THEN 3JI090
PRINT "Beginning number "3iNS
NQ=INT ( (NE-NS+1)/7)
NEE=7#NQO+NS-1
NFR=NE-NEE
FOR I=NS TO NEE STEFP 7
PRINT USING "ﬂ###.#”##ﬁ";vtl).V(I+1),V(I+2),V(I+3),V(I+4),V(]+5),Vil*é‘
NEXT I
IF NR = 0 THEN 3080
I=0
I=1+1
PRINT USING "H###H#_ #8888 $V(NEE+1):
IF 1 >= NR THEN 3070
6070 3030
PRINT "xxxxxrxxxx"
PRINT "Ending number *3NE
IF IR > 1 THEN 1590
REM PRINT “Do you want to see another section [y/nl)"i:INFUT SEES
REM IF SEES$ <> "y" AND SEES$ <> "n" THEN 2610
REM IF SEEs = "y" THEN CLS :GOTO 330
KREM IF SEE$ = "n" THEN 2700
RETURN
PRINT "Do you want yo plot further (y/n) ";:INPUT YES
IF YES <> "y" AND YES <> "n" THEN 3150
IF YE$ = "pn" THEN 3210

CLs
GOSUE 4970
G070 2870

RETURN

"se



3220
I230
32450
3250
3260
3270
3280
3290
JITJ00
3310
JI320
JI3T0
JIT40
IISO
3360
ITZ70
380
JIZQ0
3400
I410
J420
I4350
440
J450
3460
J470
480
3490
JI500
3810
JIS20
3530
IS540
J550
JS560
IS70
3580
IS0
3600
3610
620
3670
3640
JI650
J660
T670
3680
690
I700
3710
3720
730
3740
3750
3760
3770
3780
790
3800
3810
3820
3I8I0
I840
8s0
I860
870

REM Subroutine Arrow Growth
FOR I=1 TO NN
FOR K=1 TO NSPEED
PSET (1, 199-YMAX*MBY#*20)
PSET(1,199-YMIN®MGY*20)

NEXT K

IF INKEY® <> " THEN 3310
NEXT I
RETURN
IF INKEYS$ = " THEN 3310

NPV (ISUM)=INT((I-1)/MG)+NS
IF ISUM = NTEST THEN ISUM=ISUM+1 :60T0O 3300
ISUM=1SUM+1
GOTO 3290
REM Max-routine
I1T=1T+1
NI=NFV(IT) -5
N2=NPV(IT)+S
FOR KR=N1 TD N2
IF VIKR) > V(NFV(IT)) THEN NFPV(IT)=KFR
NEXT KR
TEST=0
RETURN
REM Min-routine
IT=1IT+1
N1=NPV(IT) -5
N2=NPV(IT)+5
FOFR KR=N1 TO N2
IF V(KFR) < VINPV(IT)) THEN NPY(IT)=KR
NEXT KR .
TEST=1
RETURN
REM Re-calculated Arrow-point plot
IF NMGSET=0 THEN 3610
PRINT “X-mag « ¢ !!' Hit any key to plot agaim."”
IF INKEY$ = "" THEN 3570
GOTO 1430
ICH1=0 :ICH2=0
IF NE < NPFV(() THEN PRINT "... RETURN " :GOTO Z770
FOR 1=0 TO NPVS+1
IF NPV (1) >= NS THEN ICHi=1 :GOTO 3640
NEXT 1
FOR I=0 TO NPVS+1
IF NPV(NPVS+1-1) <= NE THEN ICH2=NFVS+1-1 :GOTO
NEXT I
PRINT "=== "3
FOR I=ICH: TO ICH2
FOR J=1 TO 39
LX=MG# (NFV (I)—-NS)+1
Y=199-(10-,25%J) #20

PSET(LX,Y)
NEXT J
PRINT USING "#####"31;
NEXT 1
PRINT » m=x="®
RETURN

REM noise out
NETW=NE-NS :MG=1
IF NETW < 319 THEN MG=2
IF NETW < 213 THEN MG=3
IF NETW < 160 THEN MG=4
VMAX = VINS)
FOR I=(NS+1) TO NE
IF V(1) > VMAX THEN VMAX=V (1)
NEXT 1
MAXY=S :MGY=MAXY/VMAX

3680
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g8
3890
JIQ00
3910
3920
IO
3940
3950
JI960
3970
IF80
3990
4000
4010
4020
4030
4040
4030
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4201
4210
4220
4230
4240
4250
4260
427
4289
4290
430
4310
4320

3T0
4740
4350
4760
4370

280
4790
4400
4410
4420
4430
4440
4450
44460
4470
4480
4490
4500
4510
4520
4530

Me=1 k=1
NN=MG* (NE-NS) +1
CLS:KEY OFF:SCREEN 2
GOSUE 4970
FOR I=1 TO NN STEF MG
Y=MGY#V (K+NS—-1)
PSET (1, 199-Y#2Q)
K=K +MK
NEXT I
NX=3 :EREEP
PRINT “NX ="g§NX 3J:PRINT " NOISE ="3$NOISE
PRINT "ANY SINGLE NOISE IN THE PICTURE (x/y/n] "i:INPUT NOIS
IF NOls$ = "n" THEN RETURN
IF NOI$ = "x" THEN PRINT "Give NX ,NOISE "3:INPUT NX,NOISE
IF NX < 2 THEN PRINT "NX should not be smaller than 2 " :GOTO 3970
K=2 (MK=1
FOR I=1 TO (NN-MG) STEP MG
Y 1=V (K+NS-2)
PSET(1,199-MGY*Y1%#20)
Y=V (K+NS-1)
IF ABS(Y-=Y1) > NOISE THEN 4170Q
FOR J=1 TO MG
Y(J)=Y1+J* (Y=-Y1) /MG
PSET (143, 199-MGY*Y (J) #20)
NEXT J
K=k +MK
NEXT 1
RETURN
END
REM noise warning #*#sxsexsess
LOCATE 3,1:FRINT "When it sounds type n for noise or p for passing "
ve="0"
NTON=220/7
M=220
SOUND M,1.5
V$=INKEYS
IF v = "n" THEN 4280
IF V$ = "p* THEN 4280
IF M > 1000 THEN 4090
M=M+NTON :GOTO 4220
LOCATE 3,1:PRINT STRINGS (60,3
IF V$ = "p" THEN 4090
REM extrapolate the noise point by quadratic curve fitting
NREF=NFV (()
IF NS < NPV(DO) THEN NREF=0
IF (K+NS-1) < (NREF+NX) THEN Y=Y1:V(K+NS-1)=Y :GOTN 4090
FIT2 = ¢
GOSUE 4670
Y=AD
V(K+NS~-1)=Y
GOTO 4090
REM BALANCING the VERTECES
NEAL=3 :NO=2#NEAL
NEAL 1 =NEAL
IF NPV (1)=NPV(0) < NEAL THEN NEAL1=NPV (1) —~NPV (O)
NQ1=2#NEAL 1
F1T2=1
FOR IBV=1 TO NPVS
NX=NEAL :
IF IEV=1 THEN NX=NEAL1
IF NX < 2 THEN PRINT "NX ¢ 2
GOSUE 4670
VNPV (IBV) ) =A0
NSFT=1
NX=NEAL
IF IBV=1 THEM NX=NEAL}
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45430
4S50
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
44690
4700
4710
4720
4730
4740
47T
4760
4770
4780
479
4800
49170
4820
4830
4840
4850
486"
4870
4860
4890
4900
4910
4920
4970
4947
4950
4960
4970
4980
499
SO00
S010
SO20
SOTO
S040
SO50
SO60
S0O70
5080
5090
S100
5110
5120
S130
5140
S150
S169
S170
St1e0
5190
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FOR IX=1 TO NX

10=1X#NSFT

YR=AO+ALI#IQ+AZ2*I0*IQ

IF A2 > O THEN 4620

IF V(NPV(IEBV)~1IQ) > AQO THEN V(NPV(IEV)-1Q)=YF

NEXT 1IX

IF NSFT = ~1 THEN 4660

NSFT=-1 :GOTD 4S540

IF V(NPV(IEV)-IQ) < AQG THEN V(NFV(IEV)-1Q) = YR

GOTO 4590

NEXT 1BV -
FI1T2=0

RETURN

REM GQuadratic Faitting

NSUM=2#NX

SX=0:5X2=0:SX3=0:SX4=0:SY=0:SXY=0: 8X2Y=0

NSFT=1

FOR IX=1 TO NX
I0=1X%#NSFT
Sx=Sx+10Q
SX2=SX2+1Q0"
SX3I=S%X3+10"
SX4=8Sx4+1Q"
X=K+NS-1-1Q
IF FIT2 = 1 THEN X=NPV(IEV)-IQ

Y=V (X)

SY=8SY+Y

SXY=SXY+Y®IQ

SX2Y=SX2Y+Y*IQ»rIQ

NEXT 1IX

IF NSFT = -1 THEN 4890

NSFT=-1 :GOTO 4710

REM

REM calculate AQ,AL1.A2 in y=AQ+Al*1q+A2*iq 2

REM

DET=NSUM#SX2#SX4+2#SX#SX2#SXT-SX2#SN2#SN2-SX#SX#SX4-NSUM»SXT#SX

AN=SY %S 2#SX4+SX#SXTHSX2Y+SX 2 #SY I SXY-SH2*SX 245X Y -SNI#SXI#SY-5Y+5X4+Sx ¥

AO=ANO/DET

AL1=NSUM*SYY#SX4+SY#SY2#SXI+SX#SX2#SX2Y-SX2#SX2#SXY-SY*SX#SX4~NSUM*SXI+S¥ ¥

Al1=A1/DET

A2=NSUM’SX2*SX2Y+SX*SXZ*SXY+SXfSY*SXS—SX2fSX2*SY-SX*SX*SXQY-NSUN*SX?*SYv

A2=AR2/DET

RETURN

REM GRID subroutine

SCALE = MG

IF NMGSET=1 THEN SCALE=)/MGA

XTIC=10 :¥YTIC=.95

NGRID=XTIC*#SCALE :LRESET=10#NGRID

LTEN=-1 :LXTEN=1

FOF L=1 TO 631 STEP NGKRID

PSET (L, 199)

LTEN=LTEN+1

IF LTEN=LXTEN#1C0 THEN LXTEN=LXTEN+1 :PSET(L,198)

NEXT L

NYSTP=aYTIC#20#MGY :NYRESET=2#NYSTF

FOR LY=0 TO 199 STEF NYSTFP

PSET (1, 199-LY)

IF LY/NYRESET = LY\NYRESET THEN PSET(2,199-LY)

IF LY/S/NYRESET = LY\ (S#NYRESET) THEN PSET (3, 199-LY):PSET (4, 199-LY)
NEXT LY

RETURN

REM HEAVY NOISE REMOVAL SUEBXOUTINE

PRINT "# of zone = "3 NPVS+1

PRINT "Enter the heavy noise cone number "::INFUT HEV
IF HEV > NPVS+1 THEN S1&60 .

IF HEV <= 0 THEN S570¢

L LN ]



S200
210
5220
S230
S240
S250
5260
5270
5280
5290
5300
S310
5320
STJ0
S340
STS0
ST60
S370
5780
S390
S300
5310
S420
S430
o440
$450
S460
S470
$S480
5490
S500
SS10
SS20
SS30
595430
SS50
S560
S570
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NHEV=INT (HEV)

NHEVS=NHEV-1

N1=NPV (NHEVS) :N2aNPV (NHEV)

CLS :KEY OFF :SCREEN 2

PRINT "ZONE NUMBER = "jNHEV

PRINT "Plot Zone "3N1 §:PRINT " - “§N2
PRINT "Plot Range #,#" ;:INPUT NS,NE
IF NS >= NE THEN 5260

IF NS < N1 OR NS > N2 THEN S260

IF NE < N1 OR NE > N2 THEN 5260

PRINT "Magnification MX.MY "3i:INPUT MG, MGY .
IF MG < 1 OR MBY < O THEN S300

NN=MG+* (NE-NS) +1

K=1

FOR IP=1 TO NN STEF MG
Y=MGY#V (K+NS~-1)
PSET(IP—=(IP\&639) #6339, 199-Y#20)
K=k+1
NEXT IP
PRINT "Can you find the twe nodal points [y/nl ":i:INFUT TNFS$
IF TNP$ <> "y" THEN 5160
PRINT "Enter two numbers “;:INPUT Ji1,J2
IF J1 »= J2 THEN S410
IF J1 < NS OR J1 > NE THEN 5410
IF J2 < NS OR J2 > NE THEN 5410
FOR J=J1 TO J2
VIJI=VI(J1) + (V(I2)=V(J1))#(J-J1)/(32-31)
NEXT J
K=1
FOR JP=1 TO NN STEP MG
Y=MGY#V (K+NS-1)
PSET (JP=(JP\639) #6339, 199-Y*20)

K'=k+1

NEXT JP

PRINT "Hit any key to continue "
IF INMEYS = "" THEN S550

CLS : GOTO S160
GOTO 2170
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10 REM Program RATEX.bas by Deok J. Kim Version 1.6 May 25 °*837

20

REM Thi

s is the extended version of RXBEST.BAS (0.9)

30 REM Find rate by fitting data with least square method

40 REM This program produces XR file which can be cenverted to RATE ve DEFTH
S0 BHEEFP
60 DIM H(2QT00) , XT(2T00)  XTF (2300) ,V(2T00 , VT (100) ,NT (100) ,NTH(100)
70 DIM KE(100) ,A0(100) ,AL1(100) ,A2(100),X (100)
80 PI=3.1415926544 *constant

90 REM The ticks in x,y a»xes are given by xtic,ytic for plotting

100
110
120
130
140
150
160
17¢
180
199
200
210
220
230
240
250
260
27¢
280
290
J00
310
JI20
33
340
50
I60
I70
380
390
400
410
420
430
440
450
460
470
480
490
SO0
S10
S20
530
S40
550
S60
S70
S80

XTIC=1
PRINT

PRINT
PRINT

0 YTIC=.1

"Which disk has the data file [a/bl "3:INPUT DISHS
IF DISKS$ <> "a" AND DISKS$ <> "b" THEN 110

“"Do you want to see the date files on the disk

IF ANWS <> "y" AND ANWS$ <> "n" THEN 140

PRINT

IF ANWS = "y" AND DISK$ = "a" THEN FILES "a:#*.dat"”

IF ANWS

PRINT

"y" AND DISKS$ = "b"” THEN FILES "bi*.dat"

FILEEXTENTIONS= “dat" _
"Enter the file name(only number) " $:INPUT FILENUMEREFRS

FILEFEAKS = DISKS +":"+ FILENUMEERS + "p" +"."+ FILEEXTENTIONS
= DISK$ +":"+ FILENUMBERS + "no" + "." + FILEEXTENTIONS

PRINT

FILES
PRINT
PRINT

[ET]

"Open Files ... "$FILEPEAKS,FILES

OFEN FILEPEAKS FOR INFUT AS #1

INFUT
INFPUT
INFUT
INFUT

FOR I=

#1 ,RESISTS
#1,DEVELOFERS
#1,DEVTEMP
#1,NF,DT,PW, TX,REFL
1 TO NF

INPUT #1.NT(I) . VT(I)

NEXT I
CLOSE

#1

OPEN FILES FOR INPUT AS #1

INPUT
INPUT
INFUT
INFUT

FOR I=

#1 . RESISTS
#1,DEVELOPERS
#1,DEVTEMP
#1.N,DT,.PW, TX.REFL
1 TO N STEF 7

Cv/n) "3 INFPUT ANWF

INPUT #1,H(I) HII+1) H(I+2) H(I+3) H(I+4) H{I+5) H{I+4)

NEXT 1
CLOSE
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

LD

w o»

MR T 2 223 peak data *Exee"
RESISTS

DEVELDPERS

“Dev Temp ";DEVTEMF
NF,DT.PW, TX,REFL

FOR I=1 TO NF
PRINT NT(I),VT(I)

NEXT 1

GOTO &70

PRINT

"Will you check intensity vs time data (y/nld

IF ANS <> "y" AND ANS$ <> "n" THEN S50
IF AN$ = "n" THEN &70

FRIMT

» "

"3 INFUT ANS
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$90 PRINT RESISTS

600 PRINT DEVELOPERS

610 PRINT DEVTEMF

620 PRINT N,DT.PW,TX,REFL

630 FOR I=1 TO N STEP 7 )

640 PRINT USING “####.  ##888"3 H(I) ,H(I+1) H(I+2) ,H(I+3) ,H(I+4) ,H(I+S) Hil+&o
650 NEXT 1

&60 REM = Sosoossoso
670 REM find out proper MAX and MIN for the first fractional wave depth
680 RE" sS=ss=s= S=xxTmIS f-2-3-1-% ]

690 VMAX=VT (1) IVMIN=VT (1)

700 FOR IP=2 TO NF

710 IF VT(IP) > VMAX THEN VMAX=VT(IP)

720 IF VT(IP) < VMIN THEN VMIN=VT(IP)

730 NEXT 1P

740 FIRST=0 :IF VT (1) < VT(2) THEN FIRST=1

750 IF VT(1) > VT(3I) THEN VPI=VMAX :(VWI=VT(2)

760 IF VT(1) < VT(3I) THEN VPI=VT(3J) 1WWI=sVT(2)

770 IF FIRST=1 AND VT(1) > VT(I) THEN VF1=VT(2) :WI=VT(3)
780 IF FIRST=1 AND VT(1) < VT(3) THEN VPI=VT(2) :VWi=VMIN
790 REM VF1:first peak § WIiifirst valley

800 REM =

810 REM = =
820 REM = find depth vs time =
B30 REM = =
840 REM = == cascomm=
850 PRINT "

860 FPRINT "Selection of the recist type ... "
870 PRINT 1. KODAK 820 *

880 PRINT * 2. Shipley Microposit 1470 "
890 PRINT * J. Hunt wWx-118 "

900 PRINT “"Enter the number. 1f anvthing else then return. " $:INPUT RESI

10 IF RESI=1 THEN RINX=1,61 :60TO 9S50
927 IF RESI=2 THEN RINX=1.62 :G0T0O 950
970 IF RESI=3 THEN RINX=1.625 :GOTO 950
940 PRINT "What 1s the resist index» at 6328 "3i:INPUT RINX

9SO WLuM=, 6328

P60 ANGA=30 {ANG=ANGA*F1/180

70 TNTH=SIN(ANG) /SOR (RINX*RINX~-SIN(ANG) *SIN (ANG) )

980 QUAT=WLUM/ 4/ (RINX/COS(ATN(TNTH) ) -TNTH*SIN{ANG))
90 DAPLOT=0 :DAGFLOT=0 :(XTPLOT=0 :XTFPLOT=0 :RATESET=0
1000 XS=0 (PRINT "====== ETCH-DEFTH vs TIME ======"

1010 FOR IF=1 TD NF-1

1020 BEEP :PRINT "XS ="3:PRINT USING “###.####8"3XS $:PRINT * ... IF ="i1]IF
1030 POSPHI=0 :IF VT(IP) > VT(IP+1) THEN POSFHI=1

1040 VO (VT (IP)+VT(IP+1)) /2 (VI=SABES(VT(IP)-VTI(IP+1))/2
1050 IF IP=1 THEN YO0=(VP1+WV1)/2 VI=(VP1-W1)/2

1060 IS=NT(IP) :IE=NT(IP+1) '

1070 FOR IK=1S TO IE

1080 IF H(IK)=VO THEN PHI = FI/2

1090 Y=ABS ( (H(IK)=-V0O)/VL) IF Y >= 1 THEN ARCCOSY=0 :GOTO 1110
1100 ARCCOSY = F1 /2 - ATN(Y/SQR(1-Y*Y))

1110 IF H(IK) » VO THEN PHI = ARCCOSY

1120 IF H(IK) < VO THEN PHI = PI - ARCCOSY

1130 IF IK=NT (1) THEN PH1O0O=FHI

1140 IF POSPHI=0 THEN PHI=PI-FPHI

1150 IF IF=]S THEN PHIS=PHI

1160 XT=QUAT# (PHI-PHIS) /PI

1170 XTCIV)=XS+XT

1189 NEXT 1K

1190 XS=xT(IE)

1200 NEXT 1F

1210 BEEF :THICK=XT (NT(NF)) -

1220 PRINT “The resist f1lm thickness 1s "3THICk ::PRINT " um”
1230 GOTO 1270

1240 DAFLOT=1 :XTPLOT=1 :PRINT "FPlot Thickness vs Time "
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1250 GOSUE 3310

1260 DAPLOT=0 :XTPLOT=0

1270 BEEFP

1280 PRINT "==mzssmm=== | EAST SQUARE FITTING scascmssasscmsh

1290 KE(0)=0 :KE(1)=NT (1) :MSDCOMP=0 :PRINT "MSD Compare Mode ="j3;MSDCOMF

1300 PRINT “The drop point ="INT (1)
1310 NDIV= 8 :PRINT "# of division ="$NDIV

1320 IWID=INT ((NT(NF-2)-NT(1))/NDIV) :IDP=NDIV+1
1330 FOR 1P=2 TOD 1DP

1330 KE(IF)=KE(IP=-1)+IWID

1350 NEXT 1P

1360 PRINT " »

1370 PRINT "+++++ division schedule +++++"

1380 PRINT " WINDOW ="3IWID
1390 FOR IP=t TO IDP ’
1400 PRINT USING RHERHR"3 IP . KE(IP)

1410 NEXT IF

1420 PRINT " *»

1430 PRINT "#xsxxusxxxnxx FITTING STARTS ®#RERREHFHHXEREErD'
1440 EREEP :XSKIF=0 :XR=.1 *XR is a retardation depth
1450 1P=1 KP=2 :IF MSDCOMF=0 THEN KP=1

1460 IPE=0 INTH{(O)=KE(1) :SDMX=0

1470 IF IP = IDP THEN 1990

1480 IF IFP = IDP-1 THEN KP=1

1490 PRINT * *

1500 GOSUE 2700

1510 1IF MSDCOMF=0 THEN MIE=1 :KF=2 :GOTO 1770

1520 MINMSD=10

1530 FOR IB=1 TO KP

1540 IES=KE(IF) :IBE=KE(IFP+IE)

1830 MSD1=0

1560 MSD2=0 :

15370 PRINT "IP = “3IF 3:PRINT " ... 1E =";1F :BEEF
1380 PRINT FLOC(IB),FLI(IE)

1590 PRINT FFOCIE) ,FFP1(IR) ,FF2(IR)

1600 FOrR IM=IBS TO lEE

1610 TM=DT*IM

1620 DEL1 = TM*FL1(IE) + FLO(IE) - XT(IM)

1620 DEL2 = TM*TM#FP2(IE) + TM®FP1(1E) + FPO(IR) — XT(IM)
1640 MSD1 = MSD1 + DEL1%DEL1

1650 MSD2 = MSD2 + DELZ2#DEL2

16460 PRINT USING " #.###4"~~~~ “3MSD1,MSD2

1670 NEXT IM

1680 NMSD=1BE-1ES+1

1690 IF MSD1/NMSD < MINMSD THEN MINMSD=MSD1/NMSD :kKF
1700 1F MSDZ/NMSD < MINMSD THEN MINMSD=MSD2/NMSD :KF
1710 NEXT IK

1720 PRINT "MINIMUM MSD = ";:PRINT USING “#,### ~ ~":MINMSD 3

1770 1F KF={ THEN PRINT " for LINEAR FIT ";

1740 1F KF=2 THEN PRINT " for PARAEOLIC FIT "%

1730 IF MIB=1 THEN PRINT " with next first division"

1760 IF MI1E=2 THEN PRINT " with next second division"

1770 IPE=IPE+] INTH(IFPE)=KE(IP+MIE)

1780 IF KF=1 THEN AC(IPE)=FLO(MIE) A1 (IPE)=FL1(MIE} :A2(IFH)=0

1790 IF KF=2 THEN AO(IPE)=FPO(MIE) :Al(IFE)=FF1 (MIK) SAZ(IPER) =FF2(MIE)
1800 IF IPFP > 1 THEN 1830

1810 PANO=AL (1) #A1 (1) -4%A2(1) #A0 (1)

1812 IF PANO > O THEN 1830

1813 IF KE(2) < (KE(1)+S) THEN PKRINT "Zero Surface Rate ' " :GOTO 2450

=1 ‘MIEB=IR
=2 (MIER=IFE

1815 FOR IDUM=0 TO (I1DP-2)
1816 ICN=IDP-IDUM : KE(ICN+1)=KE(ICN)

1817 NEXT IDUM

1820 KE(2)=INT((KE{(1)+KE(3))/2)

1822 IDFP=IDF+1

1823 PRINT "..00. “

1824 PRINT "mode ... automatic division "



1825
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
19S50
1960
1970
1969
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2149
2150
160
2170
2180
2190
2200
2210
220
2270
2240
2250
2260
2279
o280

2290

GOTO 2620

JS=NTH(IPE—-1) (JE=NTH(IPE)

DEVS=0 :C2=A2(IFK) :Ci1=A1(IPE) :CO=A0C(IFPE)

PRINT “C0,C1.C2 FROM "3JS 3:PRINT " TO "3JE

PRINT CO,C1,.C2

FOR 1X=JS TO JE
TIX=DT#IX *etching starts from drop-point, nt(l)
XTF(IX) = CO + C1#TIX + C2%#TIX*TIX

IF XSKIP=f THEN 1920

IF XTF(IX) >= XR THEN TR=(IX-NT(1))#DT :XSkKIP=1 :PRINT "TR ="3iTFR
DEVX=XT (IX)-XTF (I1X) :DEVS=DEVS+DEVX#*DEVX

NEXT IX

X(IFB)=XTF (JE)

SDP=DEVS/ (JE-JS+1) :(PRINT "MSDP =":;SDF

IF SDP > SDMX THEN SDMX=SDF :IPEMX=IFEH

IF=IP+MIB

GOTO 1470

EEEF (PRINT " "

PRINT "s=zzosz=ss RATE PARAMETERS ========"

FOR I=1 TO IFE

PRINT NTH(I) ,:PRINT USING " #, #4848 " "TAOIIY ALID) AT
NEXT I
PRINT * ¢
PRINT “Time for etching "3XR $:PRINT " um = "“3TR 1:PRINT " sec."
PRINT “Maximum Deviation "3sSDMX §:FRIMT " at "jIPBEMX
PRINT "========= Flot Fitted Depth ======s==="

XTPLOT=1 :XTFPLOT=1
GOSUE 3710
XTPLOT=0 XTFPLOT=0

BEEP
RXFLOT=0 :XF=1 :RNORM=.1 :NORY=S
PRINT “===s=ss== Rate vs Depth s==sz=s==a==!

X(0)=Q I XSUM=0
FOR 1=1 TO IFE
HEEF
IF XSUMm = X(I) THEN 2270
PAN=A1 (1) #A1 (1) ~4#»A2 (1) #(AO(I) =XSUM) :IF PAN I O THEN 2280
RATE=SOF (FAN) :IF XSUM=0 THEN RSUR=RATE
IF RXPLOT=0 THEN Z240
YR=199-NORY*RATE*20/RNORM
MX=INT (SOQ*XF *XSUM) +1
PSET (MY, YR)
IF RXPLOT=0 THEN PRINT USING " #i#.####88" IRATE, XSUM
XSUM=XSUM+.01 :IF XSUM > 1.25 THEN 2280
6070 21740
NEXT I
REBLKE=RATE (RATESET=1
IF RXPLOT=1 THEN 2410
RXFLOT=1 :CLS :KEY OFF :SCREEM 2
PRINT "=zscz==azzoasszsal
PRINT "= RATE ves DEPTH ="
FPRINT "maascosaosomsssssom"
PRINT "File Name = "3FILENUMBERS$; :FPRINT " "iRESIST$:
PRINT " in "“3DEVELOPERS$:PRINT " at “$DEVTEMF

S PRINT "DOSE = "iPuWs*TX

23400
24810
2420
2470
2340
2450

PRINT "Surface Rate ="3;RSUR ::PRINT " BEull Rate =":RELFk

PRINT "Norm—-Rate, Norm—Level ":i:INFUT RNORM,NOR'Y

MGY=1 (NMGSET=1 :MGA=2

GOSUE 4030

NMGSET=0

GOTO 2140

PRINT "Flot again [y/nl) ";:INPUT CFS%

IF CFS$ = "y" THEN BEEF :GOTO 2300

PRINT "Do you want to save this R vs X data [y nl "3i:INFUT SFX$
IF SRX$ = "y THEN 2960

PRINT "Will you do it again with your owr division [v/n) "3:INFUT

ows

123



2460
2470
2480
2490
2500

510
”Szu
2530
2540
2850
2560

570
2 80
2590
2600
2610
2620
2630
2640
2650
2660
2670
24680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2970
2930
2950
2960
2970
2980
2990
3000
3010
3020
3020
SGA4A0
3050
3060
3070
080
JI090
Z100
J110
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IF DW$ < "y" THEN 2630

ERASE XTF

DIM XTF(2300)

IF IFP > 1 THEN 2520

FOrR I=1 TO IDP :PRINT I,KE(I) :NEXT I

GOTO 2530

FOR I=0 TO IPE :PRINT (I+1),NTH(I) :NEXT I

PRINT "Enter the division. No entry means STOF THERE."

PRINT “The drop point is "3KE(1)

10=2

INPUT KE(ID) :1F KE(I0) = O THEN 2590

IF KE(IO) < NT(1) THEN PRINT “"entry is small. ENTER AGAIN "3:INFUT FE(1G)
10=10+1 :BEEF :G0TO 2S&C

IDP=10-1 )

IF KE(IDP) > NT(NF-1) THEN KE(IDP)=NT(NF-1) :PRINT "Last entry was cut."”
PRINT “MSD Compare Mode. Type 1 only for compare. “3:INPUT MSDSHIP
RATESET=0 :DAPLOT=0 :DAGFLOT=0 :GOTO 1430

PRINT "2>>»>>»>: DATA GENERATING <«
GOSUE 3110
DAFLOT=1 :DAGPLOT=1 :PRINT "Plot Fitted-Data vs Time ......"

GOsue 3310
DAFLOT“O :DAGFLOT=0

REM =sss==z=ss SURROUTINE FUNCTION FI1T =osconosos=scoos
S1=0 :52=0 :S3=0 :84=0 :1Z0=0 :Z21=0 :22=0
IHOVI=INT ((KE(IP)-KE(IP-1))/2) :IHOV2=INT((KE(IF+1)=-KE(IF))/2)
IQI=SKECIP)-IHOV1 :1IF IG! < KE(1) THEN IQI=KE(1)
T1=DT+*IQ1 :1@S=1Q1
FOR IA=1 TOD KP
IQE=KE (IP+IQ)+IHOV2 :1F 1QE > KE(IDF) THEN IGE=KE (IDF)
FOR IQ=10S TO IQE
T@=DT+I@-T1
S1=51+TR :52=52+TO*»TO :ST=ST+TO*TO#*#TQR :S4=S4+TQ*TO*TO+TO
Y=XT (I
ZO=Z0+Y (Z1=Z1+Y#TQ :Z2=722+Y%TO*TQ
NEXT I&
N@=10E-IQ1+1 :1QS=IQE+!
PRINT "# of sampling data = "iINQ
DET=NQ#S2-S1%#S51 :EEEP
AN=(S2+20-51#21)/DET :A1=(NE*Z1-S1+Z0)/DET
FLO(IAY=A0-A1%T! :FL1(1A)=AL
DET=NQ*S°*S4+"‘S!*S"*S1’S”*S"*S°-Sl*Sl*Sq-NO*S-*S: : BEEF
= {ZO#S2#S4+S I #STRZ2+S2#ST#Z 1 ~S2#S2#72-G3#STHZ0O-S1#54%21) /DET
A1=(NQ*Z1*S4*ZO*SZ*S3+SI*52*22—52*52'11—20*51*S4~N0‘53*Z2)/DET
A2=(NQ#S2#Z2+S51#S52%#Z21+S1#Z0#S3-S2#S2420-S1#S1#Z2-NQ*S3*Z21) /DET
FPO(IA)=A0O-AL1#T1+A2+T1+T1 (FP1(IA)=A1-2%A2*T1 tFF2(IA)=AZ "time shift
NEXT IA
RETURN
PRINT * *
PRINT "want to save it on a or b "§:INFUT DISKS
IF DISKS$ <3 "a" AND DISKS <> "b" THEN 2960
VRX$=DISHS+": "+F ILENUMBERS+"RX"+" . "+FILEEXTENTIONS
OFEN VRX$ FOR OQUTPUT AS #1
PRINT #1,RESISTS
PRINT #1,DEVELOPERS
PRINT #1,USING "“###¥_ #d8da8"; DEVTEMF
PRINT #1,USING “##8#, #8888"; THICK
PRINT #1,USING "#H###, #8888 IPER, DT, ,PW, TX.REFL

FOR I=1 TO 1FB

PRINT #1,USING " #,##¥88 "~ "ixX(]),AO(D) AI1(1),A2(])
NEXT 1

CLOSE #1

END

REM L e e N L e L L

REM o »»>3> signal generating (<<«
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J120 REM L e e L EoSsooaosSoeRsssSssnooSossSoSIIsST
3130 ERASE V

3140 DIM V(2000)

3150 IF VT(1) < VT(2) THEN PHIO=-PHIO

3160 MSD=0 :JMSD=0

3170 FOR IP=1 TO NF-2

3180 BEEF

3190 VO=(VT(IP)+VT (IP+1))/2 :VI=ARS{(VT(IP)-VT(IFP+1))/2)

I200 IF IP=1 THEN VO=(VF1+WW1)/2 V1=(VP1~-W1) /2

I210 FOR 1T=NT(IP) TO NT(IF+1)

JI220 DFS=XTF(IT) :IF IT > NTH(IPE) THEN 3280

3230 THETA=PHIO+PI*DFS/QUAT

3240 V(IT)=VO+V1# (COS(THETA) )

3250 MSD=MSD+(V(IT)=H(IT) ) #(V(IT)-H(IT)) :JIMSD=JMSD+1
3260 NEXT IT

3270 NEXT IP
I280¢ MSD=MSD/JIMSD :PRINT "MSD total ="3;MSD
3290 RETURN

IJ00 REM amazxz EosmococososasSSaRsSIInSSISes
3310 REM PLOT simulated data
3320 REM : == === ==mooconsSzazSITSSET

JTT0 MG=1 (MGY=1

3340 IF PRTP=1 THEN FRINT " # of data te be plotted "iNFT :GCTO 3380
33590 PRINT “"Total # of data "3

3360 PRINT “"plot-range #,8# "3 INFUT NS.NE SNFT=NE-NS+1

3370 NMGSET=0

3380 PRINT “##sxxx# FLOT MENUE #*#asssnt

I390 PRINT “X-mag "35:INFUT MG

400 IF MG = O THEN PRINT "X-mag = O ¢ not allowed !! ":GOTO 3390
3410 PRINT "Y-mag "3:INFUT MGY

3420 IF MBY <= O THEN PRINT "Y-mag * O !! "“:1G0OTO 3410

Z430 PRINT * YO “3LINPUT YO

3440 IF MG < O THEN NMGSET=1 :MGA=AKES (MG)
3450 TS=NS*DT :TE=NE*DT
3460 CLS :KEY OFF :SCREEN 2

3470 REM HEADING of PLOT =sssss=osssaaes =

3480 PRINT "File Name ="3FILENUMEBERS®::PRINT " TR =":TR$:PRINT " cec.”
3490 FRINT "Quarter Depth ="j;QUAT 3:PRINT * Angle of Incaidence ="iANGA
IS500 IF RATESET <> 1 THEN 3520

3510 PRINT "Surface Rate ="j;RSUR $:FPRINT " Bulk Rate ="iRBL* (RATESET=:
3520 FRINT "Plot-Range ="3iNS $:PRINT " - "$NE $:PRINT " dt ="3DTs

3530 IF DAGPLOT=1 THEN PRINT * MSD for all data ="iIMSD

3540 IF DAGFLOT <: 1 THEN PRINT * *

TS50 PRINT "Flot begins at ":iTS::PRINT " , ends at “sTEI:FRINT " sec”
3560 Mk=1

IS570 IF MG <= ¢ THEN MG=1:MF=MBA:NN=INT ((NE-NS) /MGA+1) :GOTO 35°0
3ISBO NN=MG+ (NE-NS) +1

3590 GOSUE 4030

3600 IF XTFPLOT <2 1 THEN 3620

J&10 REM FOR IP=0 TO IPE (PRINT IP+1 ,NTH(IPF) INEXT 1F

3620 k=1

3630 FOR I=1 TO NN STEP MG

2635 IF (K+NS-1) < NT (1) THEN 3JI700

5640 DA=MGY#* (H(K+NS—-1)=Y0) :DAG=MBY* (V(K+NS~1)-Y()

3650 XT=MGY* (THICK =XT (K+NS-1)=Y() XTF=MGY* (THICK=XTF (k+NS-1)-YO)
3660 IF DAPLOT =1 THEN PSET(I-(I\&637)#639,199-DA*2Q)

3670 IF XTPLOT =1 THEN PSET(I-(I\639)#639,199-XT*20)

3680 IF XTFPLOT=1 THEN PSET(I-(1\639)#639,199~XTF*20)

3650 IF DAGPLOT=1 THEM PSET(I-(I\&39)*&39,199-DAG*>20)

I700 IF 1/639 = I\&39 THEN 3960

3710 K=k +ME

720 NEXT 1

3730 IF NE > N THEN 3950

3740 PRINT "DATA-CHECKE (C[y/nl "3:!INPUT PRS$
3750 IF PRS < "y" AND PFR$® <> "n" THEM 3740
3760 IF PR$ = "n* THEN 3920



3770
3780
JI790
J800
3810
I8Z0
3830
3840
3850
3860
3870
3880
3890
IO0
3910
3920
F9T0
3940
IS0
I950
3970
3980
I
400
4010
4020
{4030
4040
4050
JOH0
4070
4080
4090
4100
4110
4120
4170
4140
4130
4160
4170
4160
4190
4200

PRINT “Beginning number
N@=INT ( (NE-NS+1)/7)
NEE=7 #*NQ+NS—1

NR=NE-NEE

FOR I=NS TO NEE STEF 7
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"3INS

PRINT USING “####_  ##848" V(1) V(]I+1) ,V(I+2),VI(I+3),V{I+4) , VIi]I+5) W (1+5)
NEXT 1

IF NR=0 THEN 3910

I1=0

I=1+1

FPRINT USING "#¥#%_#883448" 3V INEE+])

IF I >= NR THEN 3900

GOTO 3860

PRINT * "

PRINT "Ending number "iNE

PRINT “Want to see another section [y/n] "i:INFPUT SEES
IF SEE$ <> "y" AND SEES$ < "n" THEN 3920

IF SEE® = "y" THEN 3350

GOTO 4020

FRINT “"Want to plot further (y/nl

IF YE® <>
IF YES =
CLS

GOSUE 4030

GOTO 3720

RETURN

REM subroutine GRID
SCALE = MG

"y" AND YES$ <3
"R" THEN 4020

"3 :INPUT YES

"n" THEN 3960

IF NMGSET=1 THEM SCALE = 1/MGA
NGRID=XTIC*SCALE :LRESET=10#NGFRID

LTEN=-1 LXTEN=1

FOR L=1 TO 631 STEP NGRID

PSET (L, 199

tPSET(L,198)

SNYRESET=S#NYSTF

LTEN=LTEN+1

IF LTEN=LXTEN#1O THEN LXTEN=LXTEN+1
NEXT L

IF NORMS$ = "y" THEN MGY=1
NYSTP=YTIC*20#MGY

FOFR LY=0 TO 199 STEF NYSTP

FSET(1.199~LY)

IF LY/NYRESET = LY\NYRESET THEN PSET(2,199-LY)

IF LY/2/NYRESET
NEXT LY
RETURM

LY. (Z#NYRESET)

THEN PSET(3,199-LY) IFSET (4,199=-LY)



Appendix C
Resist Parameter Table

TABLE ). R Paramelers for ¥ICROPOSIT 1470 at Vanous Prebake Temperatures
Prebaked for 20 mun and developed 1n 351 1:5at 20°C

—l 80*C  100°C  75/100°Ct 1200 C
Ry (umsec) 024 020 ) 0.13 . 0.017
Ry (um ’sec) | 0.0005 . 0.0006 _ 0.000% 0 0005
Ry 81 8.1 i 5% ;22
Ry (um) 0.24 014 013 , DOt
Ry 0.76 0.40 0.17 . 0.0x
Ry 0.5 0.28 0.26 LY

t prebake at 75° C and post-exposure bake at 100° €

TABLE D R Parometers for MICROPOSTT 1470 for Several Developers
Prebaked at 80° C for 20 mir. and developec a1 20° €

R MICROPOS!T:E,0 351:K,C MF2:2.F,0
1:1 1-5 1 3 13
L
R, (um /sez; 027 024 044 [ER
R, (um ’se:) 00005 C0.095% 003%2L 09Lx:
Rs 7.4 . 61 - X3 7.2

TARLE Dl A.B.C Exposure Paramelers for MICROPOSIT 1470
sl Vanous Prebake Temperatures
Exposed at 436 nm and prebaked for 20 mux:

ABC 80°C_100°C 127 L
Alum-T) DSk 055 030
B(um?) . 00s 0O 0.11
C(em¥n.' 0034 CCis CGis

TABLE, IV A.B.C. and R Paramcters for MICROPOSIT 13004
Exposed st 436 nm and prebaked at 70° € for 67 mur.
Developer MICKOPOSIT 11 a120°C

AB.C R. K Re
Alpm ) 050 K, {wr <.t 02
Bum'') 0045 Ay fum -ecct TOUCH
C(zm?,;mi: 0013 K, 74

TABLE V. A B C Paramelers for XODAK 820
Prebaked at 100° C for 30 mun

A{um=') B(um-') C(cm?/m))
051 ¢ 0031 ; 0013

TABLE V1. R Parameters for KDDAK 820
Prebaked at 100° C for 30 mir.

Developer R, R, Ry R, R, Re Ky Re Ke K.s

| KODAY 805 , R . T

3 water 1023 00016 56 025 062 00y - - .
20 c . ! b ; | : ‘

1 KODAK 932 | \ ] ! : : ;

1water {033 00015 10 025 O« p w ey .
et i i . 02 04 oo<.ou'o,. 00: 0be

R, and Ky are 1in um ‘se:
Rqi1s 10 um
Rs and R.-R,c ore dimensionless
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Appendix D
Example of Resist Profile Simulation (SAMPLE)
i. Input Example

trial 35 96 i
linespace 1.0 1
trial 22 1.0 .5
run 1 ;
dese 90.90
resmodel (.4358 ) (.5 .03 .0125)

(1.68 —-. 017 1.03762) ;

.0

run 3

devrate 2 0.23 0.0016 5.6 0.25 0. 462 0.08
trial 201 1 ;

trial 38 1 ;

devtime 15 75 5

Tun 4



ii. Qutput Example
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1

) - --=t

L i s ad SAMPLE esease
ecscee Gisvlation end Modelling of Profiles in escscs
. Lithogrephy and Etching -
tERL. EECS5. UCB)
(Version 1.6 Jun 19, 1984)
(VAX/UNIX version 0.0 Jun 19, 1964)
Wed Jul 4 23-08 10 1984

1 --—8

Input =trial 39 96
Input =linespace 1.0 1.0

The mpsk 13 & grating with a periodic pattern of
line/space 1. 00000 1. 00000 micrometers wide

Input =trial 221 0 .9,

The window is 1.0 micrometers wide
The mash edge is 0.5 micrometers from tho left edge of the windouw

Input =vrun 1

Run the 1msging subsystem to get
the nornalized horizontsl energy distribution
in the tmage of the mask resulting from
a uniform jllumination on the mast with o
total of 1.0 aJ/ca2

8000000000000
® Run 1mage ¢
4000000000000y
Inage parameter valves
Wavelength Relative Nuserical Aperture Fillaing Defocus
{micrometers) intensity spersure shape factor (micromete~s)
O 4358 1. 0000 0. 2800 carcle 0 70 1 50

A periodic mask pattern with 1. 0000 um wide lines and | 000C um wide spaces

Intengjity window is 1 0000 uvm wide

Mask eoge (L/B) s located at O 5000 um from the left window boundary
Parco2 veed for pertial coherent intensity computation

Slope at the masl edge is 1.137 (1/um )
Contrast by image main.mazx {s- 0 869
Window contrast 18 0. 869

Input =dose 90 0
8ingle exzposure at the intensity of 90 00000 malli,oules per sq centimeter
Input eresmadel ( 43% ) (. S .03 012%)
Input = (1.68 -. 017 1.03762)
At lasbéa = O 43300 aicroasters She resist ABC peramsters ere
A= 0.350000 (1/um). B = 0. 03000 (1/vm), C = 0.012%0 (8g ca)/ay
the unezposed refractive indes 1a ¢ 1. 68000, =0. 01700) end
the Shiclkness ‘38 1. 03762 micrometors.

Input ®ruyn 3J ,

Find out the actual Dleaching in the resist



YV YRYIT YL S 2 22
@ Run Ezpose o
secsccastestetes

Eiposure paraseters

Dose = 90.0 aJ/case2

Resist paraseters :
Wavelength um A 1/um 3 1/um C cmoe2/mJ
. 4358 0. 3000 0. 0300 0.012%
Wefer paraseters

Layer no. 1 is photoresist. and its eatinction coefficient -
velues. &, given below are at the start of expsosure.

Layer no. 1 thicktness = 3. 0376 ua
Layer no. 2 thichness = 0, 0741 um

Wavelength: 4338 ume
Vertical standing wave period in the photoresist is 0. 1297 um

Layer no. 1 indeszi(n+ik) = 1 68 =0.018
Layer no. 2 index(n+ik) = 1, 47 o
Substrate index(neik) = 4. 73 <-0.134

Intermediate Tesults
Photoresist has 96 vertical and 49 horizontal grid divisions
Thickness of vertical grid divisions is .0108 um
Width of horizontal grid divisions is . 0204 ve
Exposure Tesults :
Oversll fractional power reflected

Dose (aJ/cmee2): 0. 7.1 14. 2 21.3 26 4 35.6
Wavelength .4358 um: 0.0070 0.0118 0.0177 0.0245 0.0319 0. 0397

Dose (aJ/cmeel): 42 7 49.8 57.3 65.8 75.7 87 .1
Wavelength .43%58 us: O0.0477 0.0337 0.0637 0.0723 0.0812 0. 0900

Dose (aJ/cmee2): 100.1 119. 2 132. 4
Wavelength .43%8 um: 0.0981 0.10%52 0O.1111
Input =devrate 2 0. 23 0.0015 5.6 0.25 0.62 0.08
The development rate is given by an analytic function in M and 1t as
Rate(M. 2) = #(M. 2)ORO(M) :
Wheare RO(M) is dullk rate

#{M 2) is rate-retardation factor nesr surface

Ro(M) = 1 0/((1. O—Meexp(—R3I®(1.0-M))}/R1 + Megap(—RIe(]1 O-M))/R2) bn/'ec
Where R1 = 0. 23000 ua/sec, R2 = 0. 00160 us/sec, RI = 5. 60

(M 2) = 1=(1=-(R~(R5=R6)eM))®e1p(~3/R4)
Where R4 = O.2%000 va. R3 = 0. 42000. R6 = 0.0B8000

Input =trial 201 1,

this trial-stamt sets the flags
jdevél(l)e 0. sdevfli(2)= 1. ideve) ()= 1

Input =trial 28 1
Input =devtime 15 73 3

Develope the Tesist from 19. 00000 to 79. 00000 seconds in S steps
Input =run 4 ;

Find the developed profiles of the photoresist
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Appendix E
The FORTRAN Program for the Design Algorithm

The FORTRAN code for the design algorithm has been added to the SAM-

PLE. The name of the subroutine is tral12. This also contains the subroutines
RATEZX and DEVLOP. The following is the program codes as a part of mod02x2.{
in the SAMPLE.

11

1
14

/% 1% argl = 12 call trall2 routine (added by deox kam. July, ‘&4,
if(itest. ne 17') goto 15
negin=0

jdeok = Timinet - 1
1f(jdeck ge. 1) gute 11
writeiiprint.)2)

return

dostsr=stnmls(:)

ddos =ctnmlse(l)
devirk=stnmlc ()
resiw-stnmls (Y,
slope=stnmlsi{d)

if(dostar . l¢ O ) negan=i
if(dsos .l¢ 0O ) wegin=}
ifcdevbrk _1r. O ) neginsy
if(clope . le O ) negin=1
1f(resiw . Je O ) neginz)
1f(neg1n ea 0O) goto 14
wrice(iprint, 13)

retyrn

format(/,45pt %2 se At least one input must be specified wesse, /)
formnt(/.39hsxxeas Al] 1nputs must be positive #rass, /)

continue

call trali2()deok, dostar. ddoc, devbrk, resiw. clope)

return

132
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subroutine tTall2( jdeok, dostar, ddos. devbrk, resiw. slope)

Proorcm DESIGN F (Deak Kim, July., 1984)
contains subrouvtinee RATEZX and DEVLOIY, and
¢indc the procese {for @ desired profirle

by rezding HURINT and RMIDOUS tables of SAMPLE
and bu calculating resit linewidth

and slope of the Tesist wall

witn vaying ac- e

dimeneion Tr(500), pac (500), x(H00)
dimension vTh(101,50). mzlev(d0), 1£(50)
dimeneion depth (50), 22(50), rpe (20)

comtn /comvar/ vardos,m2lev(50)

comm.n /ob me2 Tlw., Tsw, rluwe: rswe

commut, /Chwins/ window. edue.wndorg

comnan Zhorimr, deltx.mnhpts. nmhpts. horint(HG)

commnn /eapttl/ expos(Z21),rTmrdos{S501.2'1)

comn:n /simpar/ mnpriyrs.nprpts.nendiv.deltm . deltz

commor, /dvpards inflar. kis,rl.T2, r3, 74, 75, 6. 77,78, *9. 710
comrsn /rrpacx/ Tr(500), pac(500)., x (300}, jxsum

comrnn /Zhorirn/ nhfla.depth(50), 2¢(50)

comn~n /dvtimls jhordiv.zlim. time, xsum, devlim

comrn /a0l / 1termi.ibulk,iprout,ireswli.,i1in.aprant,1punch

if(ddos 1t O 2) ddos=10 O

if(juech . le &) devbrk=100 0

iftjdeok le G) resiw=0 OGervlw

1f(joeok le 4) slope=Bl O

resiwmds<rlwrrsws/e O

1firesiw  le rvesiwmax) goto 11

writéliprint. o)

formct (/54her+2# Tec1st linewidth on the wafer 1s too large ssres. /)
return

1f{slepe 1t 160 0) guto 15

wratefiprant.lg)

formct(/Slheaces maximum slope is lamited to 1680 degrees #e+s:, /)
returr

continue

delslop=0 %
slaphi=sloperdelcluyp
sloplo=ctlope-delslor

winuxswndorgtwindow
resitrwndorg i v saw/
horwin=horintil)

hormav=horaintiy)

Jmin¥!

Jmac- |

JhordivEnmhpts.

do 17 1i:1, jhordiv

if thorint{(z) .le hormax) goto 16
hormav=horaintiy)

Jmax'i

i1f (norint(1) . ge hormin) goto 17
hormin=horintii)

Jminsi

continuc

hxmines({ jmin-1)rdel tx

hamaxa( ymax-1,sdelts
deveid=abs(hamzz~hxmin)



18

19

2%

28
1179

KL

200

40w
A0S
407
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if \w:ndow .qc. devwid) goto 18
write(iprant.e'l)
contat.ue

DETENMINE the direction of lateral develop
lato. v'f)_c=o

1f (hxmax .gt hxmin) latdevflg=-1

if \hamin gt hxmax) latdevflg=1

if (l=tdevfla .ne O) goto 17
writeliprint.ecl)

goty {000

contii-uf

format(‘warning ... CHECK THL POSITION OF WINDOW')
dfrzign=-1 0

if (lzetdevflg .gt. O) dirvsignsi O

dos.rei=expost !y

do ®0 i*]l,npe:trv

if (cepos(i) .at dosmar) dosmax=expoe(i)
contit UT

FIND THL Z-LEVEL FOChk PEAK ENFKGY COUPL{D
halfsrv=nendaiv/2

ntest -int(halfeav)

i=3 Co

mzlev.ide2

do 2% i2poe=3.nprpte-1
sigtl-rmzdos(izpes+l.ntest)-rmzdos(1z2pos, ntect)
s1gt0-rmzdos(izpos.ntect)~rmrdos(izpot—1.ntest)
if f(cigtl .Je O O) or (sigtO .gt. O 0)) goto 25
i=iel

m2lev(id=gzpos

continuve

1last=1+1l

mzlevillectisaprpte

do 26 k=1, 1lact

deptitik)=delt2z*(mzlevik) =)

writetliprint, 119) depth(k), rm2zdos(mzlev(k), ntest)
continue

format (I ¢10 )

writeiiprant, 392)
formotl/ ‘m===cr=mcx 8TAR1 S[ARCHING = s==c=s===')

doslim=500 O

dose=dostar—-ddos

dose=dose+ddos

1f (dose .J)e. doslim) goto 40%

writevaprant, 43:2) doslam

format(/ 'Dose 15 limited arbitrarily at ‘., £10 )
write(iprint.4¢.7) dose

format(/ ‘exesrses INCIDENT DOSE (mu/cal’) =‘, £7. 3)

CALCUL ATES BREAKTHROUGH TIMF
nhflgs0

vardos=doseshormax

af thermax . 1lc O 0O) gotou 1001

3f (vardos .gt. dosmar) goto 1000
call ratezx

devlim=devbrk

call devlap

if vxsum ge depth(ilast)) guto 33
wraite(iprant. 35) timr

gots 400

tbreax=time

write(iprint. J4) tbreak



34
35

40
a0

47

44

139

73
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format(’'break tame =’, £10 5)
format( ‘RESIST 1S NOT BROKEN THROUGH IN TIME LIMIT =°‘,f6 )

CALC\'L ATES DEVTIME FOR RESIST LINEWIDIH
nhflge1l

do 42 k=1, jhordiv

vardos=dose#huvrant (i)

call vatezx

do 40 kv31,ilast

rrhvK) kv)isrrtry)

continue

continuc

do 48 k=1, jhordiwv

kn=K

if (1agtdevflg gt. O) goto 47/
kn=jhoardiv-k+)

rr(xd-rrh(kn.jiact)

x(k): (k~1)ade) tx—wndorg

conticve

xlim 35 the accumulative development length
xlim abs(resix~hxmax)

call devlop
xz(ilast)=pxmax+dircigne¥scum
tlinectime+tbrrak

wrateliprint, ic9) tisne. Tesrw
format(Phdeviime =, f6 2, 21,200, Tesist linewirdth =, ¢6 3

CALCULATES ReIST T+ LOGS
nh#fgr-]

vardos=dose*hcr min

call raters

deviim=tlne

call deviug

toplosemxsum

writefiprant. 139) toeplese
format(’‘resast top loss =', F10 9)

CALCLL ATES LATERAL DEVELOFMENT LENGTH
now x1im 3¢ timated to wandow length
xlaasvindou

nhflegsl

do 73 klet=l.ilast-}

do &4 k). jhordav

kn=k

1f (Jatdevéla gt 0O) gote &5

kr= hordiv-k*+}

rr(x'=3Th(br., kigt)

xek)rok J)egr Jtxcuwndury

continue

now odeviim 1¢ lamited te the devtime for resist linewidth
devlia=tline-z¢t(klat)

call devlop
xz(kiat)=hzmax+darsignissum

contitue

write(iprine, 145)

write(iprint., 146) wndorg,resizx, windx

S format (/10h WNLORG(z). 10Oh RESIST(x), 10k WINDCW(z))

format(3(¢7.53,8Y))

writeilpraint. 148)

format (/104 Z(um). 104 X(um). ICH Z-71ME)
1dmat= -1000. O

do B3 k=1.1last

rdaf=x2(ilast)-z2(k)

14 (xd1f . le. 3dmax) goto B2

xdmax=xd) ¢

kmax=k
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B 1f (depth(k) . le. toploss) ktop=k+l
tdeptn=—~Jedepth (k)
write(iprint. 150) 2depth, x2(k), 2t(k)
83 continve
150 formai (3f10. 9)
xdificp=xz(i1lact)=xz(ktop)
18maccx2(ilast)~xz2(kmax)
xdifmrd=rz(i1lacst=-1)~x2(ktop)
if (»diftop .en. 0O.) goto 400
if (zemax . eqa. O ) goto 400
if (xdifmod .enq. O0.) goto 400
slovetop=(depth(ilast)~depth(ktop))/xdiftop
slopebot=(depth(ilast)—depth(kmar))/xdmax
stopemod=(depth(ilast-1)-depth(ktop))/zd1fmcd
angletop=atan(slopetop)+1B80/U 14
if t(angletop .1t O ) angletup=18BO0+angletop
angleoot=atan(slopebot)*1B0/3 14
if (englepot .1t O ) anglebot=180+anglebot
anglemod=atan(slopemod)*180/3. 14
if (anglemod .1t O.) anglemud=1B0O+anglemod
sloptsst=anglcmod
wrazeliprant, I45)
155 format (/10K ANGLE ., 10h 2(A), 101 7(l))
thigh= ~1*depthiktop)
1low=—1#depth(ilast)
writeiiprint, i%0) anagletop.zhigh, zlow
zhigh==l#depthikmex)
2lgu==1¥%denthi{ilast)
writef{iprint. 1S0) anqlebot., zhigh, 210w
zhi1gh=—-ledepth(ktop)
zloss=1&depth(ilast-t)
wraite(iprint. 10) anglemod, zhigh, 210w
1f (jdeok ea 1) aguto 2000
if (sloptest .oe sloplc) gote 500
gotu 400
500 if ((sloptest .ge sloplo) .and (sloptest .le slophi)) gotoc 550
1f (ddos .1t C 2) goto 1070
dosectdose-ddos
ddos=ddoc /2, S
goto «00
Y50 wraiteliprant.5¢0) sloptest, rcsiw. dose, tline
560 formst(//9nhThe slope. 1ar, f5 2, Jx.9n(degwrees), 1x, 3nard. 11,
+ 1bhresist lainewidth - 1x. ¢4 1,12, 4h{uvm>. /
¢ j12hare obtairned, Ix.
* 9nhwith dose, Ix, f4 1, 1x,8Bh(mi/cm2). 1x,
¥ 1ihend devtame, 1x, £5 1. 1x, Shisec))
gato 200
1¢:00 dosair=dosmax/hormax
writeiapraint, iCG0Z) dosan
1601 wrate(iprint, 1:04) hormax
write(iprant, 1C¢06) dosmax
1002 ¢format(‘LIMII of Incident Dose =', £6 o)
1004 ¢forma3t( ‘Horirzontal 1Image Maximum =', £6. 3)
1006 ¢ormat(‘imum Dose in RMIDOS table =’, f& 2)
1020 writetiprint. 1022) slope,delslop. resim
1022 format(/1zx, 18hNo match for slope. 1x,f6 2. 1x,2h+-, 12,3 1.1z,
®3hand. 12. 16hT1 18t lainewirdth, 1x, 4 1)
2000 cont:inuc
rps(li=1]}
rpsle)=ve
rpslIr=c
rps(di=ra
rpstSi=ro
rpsi(blizré
rps(7i1=v7
rps(8r=TH8



2010
«020

204
205

248

307

310

311

rps(9i-TY

rpsii0)=110

writeiiprint. <:10)

writedtiprint, 2CG20) (rps(ik), ik=1, kim)

format(46hby the process for the following R parameters )
formai (6(fB. %))

return

end

subToutine ratezx
proauces an array of rate vs 1 at any 1

common /comvar/ vardos.milev(50)

comnon /exptbl/ expos{(21), rmzdos (501, 1)

common /simpar/ nprlyr.nprpts.nendiv.deltm, deltz

common /dvparld/ inflar. kim. v1, 72, r3, 74, 7S, r6. 7. 78, *9. 710
common /rTrpacx/ rr(500), pac(500), x (500), yxsum

comman /horizn/s nhflg.depth(dl), 2¢(50)

comman /iol s itermi.ibulk.iprout,ireswl.iin,iprint.1guncr

do 20F k=1, nendiv-1

1t(vexpos( k). le vardes' and (vardos. le expos(yk«1))) goto &0
continue

j=0

kol=®)

do 250 i=2,nprpts
xsumtzdeltze(21-2)

1§ ‘nhflo ne 1) goto 24U

if (3 .ne. midev(kol)) goto 'S0
kol=kol+]
coff=(rmzdos(i, yk+l)-rmzdos(i, yjk))/(expos(jk+i)=expost b))
res=rr2dos(y, gk)+coffr{vardos—expos( yk))
temp=res*expi~-r3&(] O-res))

relk=1.0/((1 O-temp)/T1 + tenp/T2)

surfz], O

rsumedel iz« (i-2)

TR=TQS

2suveTA

srO=r¢

sTizré

srelsy?7

smelarl

sredary

sme2-r 10

kdeokrkaim-J

1f (rdeok .1t., 1) goto 314

1f {xdecl . ne. 3) gouto 308
rom & sTQ - (grO-srl)erm

goto 3J1

continue

if (xdeo¥ gt. &) gouto 310

if (va . @t. sarl) goto 307
rom = 70 - («rO-srell®rm/smec}
gotu 31U

rom = sTel -~ (srel-srl)®(rm-smel)/(]-cmel)
goto 313

continut

if {fe @t smcl) gouto 311

rom £ STO ~ (srC—srellerm/sme)
goto 313

coniinue

if ttael ge emex) poto UIU
1f (rim at sme2) goto 31
rom = sTrel - (srel-sred)#(rm-smel)/(sme2-smi )
qoto> 313

137
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312 continue .
rom = sTe2 - (srez-sril)*(rm-smed)/(i-sme2)
313 continve
surt * 1 = (l-rom)#expl{~x5UuMm/28UT)
314 rate:curferblk
J=J¢1
rr(jlsrate
paclj)=ree
1(yi=asum
if (nhflg eq 1) goto 230
4 writeliprint, 3-0) rate,res, xsum
250 continve
¢ 320 format(3f10.95)
Jrsumsj
return
end
subroutine devlop

4 genevates derth vs time

commsn /rTrpacx/ vr(L00), pac(DO0), x(500), yxsum
comren /horaizn/ nhfla.depth(dl), 2¢(5M
comnor: /dvtiml/ jhordiv.xlim, time, xsum. devlinm

comrcn /101 / itermi,ibulk,iprcut, ireswl,iin,iprint,1punch
4
4 ndevt . increament of dev time dt=dx/rate/ndevt

ndevi=s0

time=0.0

xgunsx ()
c writeliprint, 730) r1 (1), xsum, time

jend=jrsum-1
if (nhflg . eq. 1) jend=)hordiv-1
kal=]
do 65C i=1, jend
ratest=rr(1)
if (rr(a+1) ,9gt. Tatest ) ratest=rr(i+l)
dt=(x{1+1l)=~x(i))/ratest/ndevt

610 ratesrr(i)+(rr(1el)=rr(i))®(xsum=x(1))/(x(21+1)=x(3))
if (nhflg ne O) goto 620
if (xsum 1%t depth(kal)) goto 620
tt(kal)=time-(xsum-depth(kal))/rate
kal=kal+l

620 1f (time . ge deviim) goto 700
1¢# (nhflog .ne. 1) goutc 630
if (xs5um ge. 1lim) goto 700

630 17 txsum _ge. x(1+1)) goto 640
xsuhSassumergterdt
timeetimedt
goto &1L

630 timestinae-(xsum—x(1+4)))/rate
psun=x(3+31)

[4 write(iprint, 710) vr(1+l), xsum, time

650 continue
gotn 750

700 zgum=3sum-ratee(time~devlim)
timsedevlim
goto 750

705 timeztamr=(xtur—-xlim)/rate
tsuns=zlim

710 foraat (310 )

750 continue
returr
end



i. Input Examples

In the first input example, the optical constants should be given to run the
subroutines IMAGE and EXPOS of the SAMPLE as described in Chapter 5. Run 1
and run 3 provide the horizontal image and RMZDOS tables, respectively. A max-
imumn dose should be given before run 3 in order to produce the RMZDOS table.
The devrate 2 must be specified for the R parameters. The trial 12 statement
executes the design algorithm. The first two variables are a starting dose and a
dose increment, respectively. The routine calculates the slope for the given
linewidth with varying dose. The third variable is the time limit for the resist
break-through, because long development time for resist break-through is not
desirable in practice. The fourth and the fifth variables are the resist linewidth
_on the wafer and the slope of the resist wall, respectively.

If only the first variable(dose) is given as shown in the second input example
the slope is still calculated for the resist linewidth with 20% bias. If the resist is
not broken-through within 100 seconds dose is automatically increased by 10 mJ
per square centi-meter and the resist profile is calculated.

In the third input example a search of several processes for a desired
feature is illustrated. A, B, and C parameters for different resists (or same
resist but different bake condition) are followed by the corresponding R parame-
ters. More than one process may be obtained for a desired profile.

Input Example 1

linespace 1+ O 1.0
trial 35 V&

run 1

dace 200.5

resmodel ( 4358 ) (.51 031 .0125)

{1. 68 -0. 017 1.03762) ;
Tl 3
devrate 2 0.23 0.0016 5.6 0.25 0. 52 0.08 ;
t1ial 12 3.0 10.0 100.0 0. B 82 .0

139
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Input Example 2

liriespace 1 0 1.0 ;
trial 35 7%

Trune 1 ;

duce 2CO. v ;

reemodel (. 4358 ) (. %1 .Qul .012%)
(1. 68 =0.017 1.03762) ;
un 3 ;

devrate 2 0.23 0.001& 5.6 0.25 0.6 0. 08 ;
trial 12 72.0 ;

Input Example 3

linespace 4 0 1.0
trial 35 V&

Tui 1

dree 200.C

reemodel (. 4358 ) (.51 031 .012W)

(1. 686 -0.017 1.0U762) ;
1run 3
devrate 2 D 23 0. 001& 5. 6 0.25 0. 462 0. 08 ;
trial 12 22 0 10.0 §OC C O B 75.0 ;

devrate 2 D0.33 0.001% 9.2 0 25 0.47 0. 02 0.13 0.55 0 02 0.¢&2
tvial 12 30.0 10.0 300.0 & B 75.0 ;

reemedel ( 4358) (. H~ .03 .014)
(1. 68 -0 017 1 03/62) ;
run 9 ;
devrate 2 O 24 0. 000w 8.1
trial 12 35.0 10.0 100.0 (0.B 7% .0

devrate 2 0.27 0. 0008 7.4 ;
trial 12 33 0 10.0 10O O 0.8 75 0

devrate 2 O.44 0. 007 B.2
trial 12 3D 0 10.0 100 0 0 8 75. 0 ;

devrate 2 0. 31 0.0 7. 2
tyvial 12 32 0 10.0 100.0 0.8 75 0



ii. Output Examples

In the output examples the ordinary outputs for image and exposure are
not shown and only the output for the trial 12 statement is shown. WNDORG,
RESIST, and WINDOW are the origin of the window, the coordinate of resist
linewidth, and the coordinate of the window, respectively. Z, X, and Z-TIME are
the maximum energy coupled position in the Z direction, the position of the
lateral development, and the break-through time with depth for the maximum
horizontal intensity. The angles are evaluated for three different sets of depths.

The angle for the search is the last one as defined in Chapter 5. The top of the"

resist is still shown but, in fact, the resist top is lost. The resist top loss is also
shown. :

Input strial 12 3C¢.0 10.0 100.0 0. B 82 O

#<secws INCIDENT DOSE (mJu/cm2) = 30. 000
RESIST IS NCT BROKEN THROUGH IN TIME LIMIT =100. 00

#tsuspwre INCIDENT DISE (mu/cm2) = 40. 000
RESIST 1S NCT BROKEN THROUGH IN TIME LIMIT =100.00

exsanrs INTIDENT DOSE (mu/cm2) = 50. 000
RESIST IS NCT BROKEN THROUGH IN TIME LIMIT =100 00

w#eraeda INCIDENT DOSE (mu/cm2) = &0. 000
break timc = 78 $5-30
devtime =170. 29 ; resist linewidth = 0. 800

Tesist ton i10%s = 0. 04003
WNDORG(x) FESIST(x) WINDOW(x)
G 0. 400 1 0G0
Z(ur) X(un.) 2-TIME
0 0. 317%:: (o]
-0 12975 0 22423 12 695:0
-0 25942 0 19675 21 72366
-0 38711 0.19754 30 13230
-0 5188° O 21407 38 62886
-0. 64851 O 24133 47 56185
-0 7782 0O 27874 57 13709
-0 90757 0 3282& &7 47599
-1 O2&B81 0O 30002 7B. 55730
ANGL™ Zr) 2(B)

78 95437 =0 12970 -1 002681
75 2196% =0.25940 ~1. 02681
a2 4201 -0.1297% =0 90792

The slope B2 42 (degreec) and resist linewidth O & (um) are obtaires
with dose & O (mJ/cm2) and devtime 3100 3 (sec)

by the process for the following Kk parameters:

0 23000 0 U0160 5 &0CCO O 25000 O 62000 O 0BOOO

EPprrigsaee End of lab session SRBeETENCRS

Erxec times 13 S00w, 3. 1835 seconds 01 16 3t
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Input =tr1al 12 9C. 0 ,
czcocza=ozzs START S ARCHING Z===cz=:rax
serasra INJIDENT DS (mJ/cm2) = 90 000
break timec - 40 53r75
devtime = %0 14 ; resist linewidth = 0 80O
resist to- loss = ¢ 02603

WNDORG (3) HESIST(x) WINDOW!z)

¢ 0 400 1 OO
7 (ua Ly Z-1IME
(o] -0 2903; 0
-0 12975 0 2267 5 BY596
-0. 2994 0. 2033 10 3630
-0. 4e711t 0. 211%7 14 73603
-0 Yige! 0. 2265 19 037%1
-0. 6485} 0 25014 22 738.e
-0. 7782 0 28271 ZE BLAZ2&
-0 90797 0 32745 34 446778
-1 02681 O 4000L 40 58995
ANGL"™ 2 7(E)

79 0&6B™ -0 12970 -1 02651
76 04797 =0 25942 -~1 02681
82 6033: -0.13129/v -0 90792
by the pr-irss for the followinog K parameters
0 23000 9 70160 & HCOOC O 25200 0 62060 O O&00C

#rVECOON~ 2 End o lalb sessiopn S0 rpedy

- - Ty - - ——— — " - - -

Exec tim-: 12 617, . 917¢ seconds 01 2¢

1&
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