DESIGN DIP COATER FOR WET COATING TECHNOLOGY

By

KHAIRULDIN MOHID ISHA

FINAL PROJECT REPORT

Submitted to the Electrical & Electronics Engineering Programme
in Partial Fulfillment of the Requirements
for the Degree
Bachelor of Engineering (Hons)
(Electrical & Electronics Engineering)

Universiti Teknologi Petronas
Bandar Seri Iskandar
31750 Tronoh
Perak Darul Ridzuan

© Copyright 2005

by
Khairuldin Mohd Isha, 2005

i



CERTIFICATION OF APPROVAL

DESIGN DIP COATER FOR WET COATING TECHNOLOGY

by

Khairuldin Mohd Isha

A project dissertation submitted to the
Electrical & Electronics Engineering Programme
Universiti Teknologi PETRONAS
in partial fulfillment of the requirement for the
Bachelor of Engineering (Hons)
{Electrical & Electronics Engineering)

Approved:

%;oc. Pfof. Dr, Norani Muti Mohamed
Project Supervisor

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK

June 2005

iii



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that the
original work is my own except as specified in the references and acknowledgements,
and that the original work contained herein have not been undertaken or done by

unspecified sources or petsons.

/" —
v
Khairuldin Mohd Isha

v



ABSTRACT

Wet Coating Technology is widely used in industries nowadays. Dip coating is one of
the technigues used in Wet Coating Technology. The device required to implement
the technique is called dip coater. The conventional dip coating technique used to
deposit sol-gel thin films on flat substrates is well established and accepted because
of its simplicity and the high coating quality that can be obtained. Advanced Material
Research Centre (AMREC) SIRIM Berhad as a collaborator provided the dip coater
for the project. With the current dip coater, the thin-film produced has several
problems including wavy surfaces and non-uniformity of the thickness. The dip
coater control box is only limited to two speed controls which are 0.5 mm/s and
1.5 mm/s. The purpose of this project is to improve the performance of AMREC dip
coater by designing a new improved dip coater. Preliminary work of the project
involved evaluating the performance of current dip coater by analyzing the coatings
produced using several characterization tools. Examination of how dip coating
process works lead to the identification of what causes the poor quality of the coating.
Factors that contributed to the problems are vibration produced by the sample
movement and type of the motor choosen for the dip coater. It was found that the
vibration of the system can be reduced when the nut follower pitch was reduced.
Circuit of the system has been redesigned to allow the change of the motor

movement, control the speed and providing various speed for dipping process.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Wet coating technology is widely used in industries nowadays. The simple use of wet
coating for a non transparent material is for the purpose of decoration such as in
printing techniques. Another significant application of wet coating technology is to
coat transparent material using organic paint, This technology can be implemented in
all industrial areas, which require improvement in the advantages of the quality and

performance of the product.

One of the wet coating techniques advantages is the ability to develop coating with
new properties either preserving using newly-formed molecular structure or by
modifying the surface using heat-treatment method. For example, cooking utensils
such as frying-pan is coated with a conductive thin film with the purpose of

increasing the heat distribution to the entire surface of the pan.

There are various techniques that can be used to apply the wet coating technology
depending on the requirement of the product and application. They are dip coating,
spray coating, flow coating process, spin coating process, capillary coating, roll

coating, printing techniques, chemical coating techniques.

Dip coating technique or sometime known as sol-gel dip coating has gained
popularity for coating film because of its cheap equipment setup, easy operation,
lower process temperature and homogeneity that can produce uniformly distributed
structures. Dip coater is the device required to coat the layer using dip coating

technique. The device is made up of two parts, a dipper and a control box.



1.2 Problem Statement

The thickness of the coating produced by the dip coating technique is mainly defined
by the withdrawal speed, the content and viscosity of the substances. It was found that
the current dip coater used in AMREC produced low quality coating which are wavy

surface and non-uniformity of the thickness.

The dip coater control box which control dip coater mechanism was found not in
working order. Fuse at control box always break when operation of dip coater was
switched to manual mode. The dip coater controf box does not provide various speed
controls. It is believed that the operation of the dip coater would be more effective if

other functions are added to the control box.

To get good quality of coating product, dip coater must operate on suitable speed.

This will be determined by choosing the suitable motor and gear set.

1.3 Significance of the Project

This project will involve the student to the real project and acquire a hands-on
experience in operating the dip coater. This coating technology is widely used in
photonic and electronic fields. Coating Technology was developed to support the

research area of electronic component and other related to electrochemical study.

This Project of Dip Coater is a collaborative work with AMREC under Photonic and
Electronic Material Unit. At the end of this project, the student will come out with the
solution to increase the quality of coating product and this will contribute to the

development of coating research in AMREC.,



1.4 Objective and Scope of Study

The scope for the whole project (two semesters) can be divided into four parts.

Scopes of the project are:

1
2
3.
4

Testing of the performance of the current dip coater

Designing of the new improved dip coater

Testing of the performance of the new dip coater

Adjustment and adaptation of the new improved dip coater with the process

parameters

This project only concern with the development of dip coater in term of dip coater

mechanism and has no involvement in the study of the coating material. A student

needs to acquire a basic knowledge to handle coating material and the dip coating

operation, The specific objectives of this project are:

1.
2
3.
4

. To design suitable dip coater for wet coating process - control dip coater

To conduct experiments / surface test to examine the coating product.
To research on suitable speed and motor for dip coating

To improve the quality of coating product in term of coating surface.

mechanism.
To design other techniques or options to replace previous technique if

necessary.

To define dip coater circuit and components that will be used in control box. This

circuit will control the mechanism of dip coater.



CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 Sol-Gel Coating Process and Dip Coating Equipment

Dip coating is a process where the substrate to be coated is immersed in a liquid and
then withdrawn with a well-defined withdrawal speed under controlled temperature
and atmospheric conditions, Vibration-free mountings and very smooth movement of
the substrate is essential for dip systems. An accurate and uniform coating thickness
depends on precise speed control and minimal vibration of the substrate and fluid
surface. The coatiﬁg thickness is mainly defined by the withdrawal speed, the solid
content and the viscosity of the liquid.

h= 0.94—-@3’)— (2.1)

1/6

yilog)”

If the withdrawal speed is chosen such that the sheer rates keep the system in the
Newtonian regime, the coating thickness can be calculated by the Landau-Levich
equation, shown by Equation (2.1), where h = coating thickness, 1 = viscosity,

v = velocity, ypy = liquid-vapor surface tension, p = density, g = gravity. The

schematics of a dip coating process are shown in Figure 2.1.
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Dipping Wet layer formation Solvent evaporation

Figure 2.1: Stages of dip coating process from dipping of the substrate into
the coating solution, wet layer formation by withdrawing the substrate and
gelation of the layer by solvent evaporation.

For an acid catalyzed silicate sol, thickness obtained experimentally fit very well to
calculate ones. The interesting part of dip coating processes is that by choosing an
appropriate viscosity the coating thickness can be varied with high precision from

20 nm up to 50 pm while maintaining high optical quality.

If reactive systems are chosen for coatings, as it is the case in sol-gel type of coatings
using alkoxides or pre-hydrolyzed systems, the so-called sols - the control of the
atmosphere is indispensable, The atmosphere controls the evaporation of the solvent
and the subsequent destabilization of the sols by solvent evaporation, leads to a
gelation process and the formation of a transparent film due to the small particle size

in the sols (nm range). This is schematically shown in Figure 2.2.
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Figure 2.2: Gelation process during dip coating process, obtained by
evaporation of the solvent and subsequent destabilization of the sol.

In general, sol particles are stabilized by surface charges, and the stabilization
condition follows the Stern’s potential consideration. According to Stern’s theory the
gelation process can be explained by the approaching of the charged particle to
distances below the repulsion potential. Then the repulsion is changed to an attraction
leading to a very fast gelation. This takes place at the gelation point as indicated in-

Figure 2.2.

The resulting gel then has to be densified by thermal treatment, and the densification
temperature is depending on the composition. But due to the fact that gel particles are
extremely small, the system shows a large excess energy and in most cases a

remarkably reduced densification temperature compared to bulk-systems is observed.

However, it has to be taken into consideration that alkaline diffusion in conventional
glasses like soda lime glasses starts at several hundred degrees centigrade and, as
shown by Bange, alkaline ions diffuse into the coated layer during densification. In
most cases, this is of no disadvantage, since the adhesion of theses layers becomes
perfect, but influences on the refractive index have to be taken into consideration for

the calculations for optical systems.



2.2  Thin Film Measurcment

2.2.1 Ellipsometer

Ellipsometer which will be used to test the surface of thin film is shown in Figure 2.3.
An ellipsometer enables the researcher to measure the refractive index and the
thickness of semi-transparent thin films. The instrument relies on the fact that the
reflection at a dielectric interface depends on the polarization of the light while the
transmission of light through a transparent layer changes the phase of the incoming

wave depending on the refractive index of the material.

An ellipsometer can be used to measure layers as thin as 1 nm up to layers which are
several microns thick. Applications include the accurate thickness measurement of
thin films, the identification of materials and thin layers and the characterization of

surfaces.

Figure 2.3: Ellipsometer, AMREC SIRIM Berhad

2.2.2 Spectroscopic Reflectometer

Spectroscopic reflectometer or SR (Figure 2.4 (a)) was provided by AMREC.
Spectral reflectance illustrated in Figure 2.4 (b) can be used to measure a large
percentage of technologically important films. However, when films are too thin, too
numerous, or too complicated to be measured with spectral reflectance, oftentimes
they can be measured with the generally more powerful technique of spectroscopic

ellipsometry.



By measuring reflectance at non-normal incidence (typically around 75° from
normal) ellipsometry is more sensitive to very thin layers, and the two different
polarization measurements provide twice as much information for analysis. To carry
the idea even further, variable-angle ellipsometry can be used to take reflectance
measurements at many different incidence angles, thereby increasing the amount of

information available for analysis.

TIREE ey s g b v | s

(a) (b)
Figure 2.4

Figure 2.4 (a): Spectroscopic reflectometer and
Figure 2.4 (b): Sample result

2.3 Dip Coater Circuitry

For this project, dip coater circuitry use Integrated Circuit (IC) of H-bridge from ST
Microelectronics which is dual full h-bridge driver (L.298N), refer Figure 2.5. H-
bridge circuit function is to control the direction of the motor either clockwise or
counter clockwise. For the clockwise rotation, transistor A and D is ON by supply
voltage to the base junction of the transistor. While for anticlockwise rotation, B and
C are ON by the same configuration. The basic H-bridge configuration was shown in

Figure 2.6.

Figure 2.5: L298N IC



Figure 2.6: Basic H-bridge using four transistors

The 1298 is an integrated monolithic circuit in a 15-lead Multiwatt and PowerS020
packages. It is a high voltage, high current dual full-bridge driver designed to accept
standard TTL logic levels and drive inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to enable or disable the device
independently of the input signals. The emitters of the lower transistors of each bridge
are connected together and the corresponding external terminal can be used for the
connection of an external sensing resistor. An additional supply input is provided so
that the logic works at a lower voltage.
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Figure 2.7: Basic diagram L298N 1C



CHAPTER 3
METHODOLOGY / PROJECT WORK

3.1 Procedure Identification

3.1.1 Analysis of Present Dip Coater

In order to improve the present dip coater as shown in Figure 3.1, the performance of
the device must be examined by conducting the coating process and producing few
samples. Result from the device was used to determine the quality of coating product.
The dip coating process was handled in proper method and this was guided by
expetienced researcher in AMREC, Thin film measurement devices will be used to

examine the coating product quality.

Figure 3.1: Dip coater and control box from AMREC SIRIM Berhad
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Dip coating was done completely in the AMREC SIRIM Berhad, Kulim Hi-Tech
Park, Kulim Kedah. The coating process involves preparing of coating material,
dipping, withdrawing and firing sample in the furnace. The setup is shown in Figure

3.2. The sample data produced is shown below:

Table 3.1: Dip coating data samples

Glass slide and silicon wafer

(Glass slide was clean before it was used with
acetone, ethanol and distall water)

Si0;

0, 1, 30, 60 (seconds)

0.5, 1.5 (mm/sec)

1000 (°C)

Samples were produced under cleanroom environment and without cleanroom
environment. Dip coater control box used three fuses in order to prevent the control
box circuitry from damages. The fuses used have limit to 0.5 A. The fuses were used

to protect AC, DC and motor in the circuit.

Figure 3.2: Coating silicon dioxide to silicon wafer

11



Preparation of substrate:

Substrates used in this work are glass slide and silicon wafer. Dimension for glass
slide used is 7.0 x 2.5 x 1.0 cm and for silicon wafer is 4 x 3 x 0.1 cm. They were
cleaned with alkaline free detergents and then were immersed in an aqueous solution

of 30 % H,0,, HCI, and deionized H,O for 15 minutes, then washed with abundant

distilled water, and dried in air at 100 °C,

Preparation of the Si0, solution:

Si0, was stirred vigorously for 10 minutes and the solution was kept at room
temperature for 2 hours. The SiO; thin films were prepared by the sol-gel method
using dip-coating technique. The coatings were made by withdrawing the glass
substrate from the coating solutions at rate 0.5 mm/s and 1.5 mm/s. After drying, the
substrates were treated at 100 °C for 30 minutes, and at 1000 °C for three minutes

(only for silicon wafer).

Preparation of substrate
h 4
. B
Preparation of Si0; - - ¢
solution L

Y

[ Dipcoating process

A 4

Heat treatment

Figure 3.3: Coating process flow chart
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Figure 3.4 described the whole process starting from preparation of coating material

to the final observation of the film produced.

Figure 3.4: Dip coating process: coating material preparation, firing
process and thin film observation

3.1.2 Analysis of the Dip Coater Mechanical Movement

Choosing the right gear is important for the dipper system. For this project, the gear
as shown in Figure 3.5 was chosen to move the nut follower up and down by rotating
the gear clockwise and anticlockwise. By applying suitable gear, vibration to the
system will be reduced. Gear was attached to gear board that consist a few types of

gears.

Gear was moved by a DC motor. Choosing the suitable motor is the key factor in

reducing the vibration to the system. Motor was attached at the same gear board.

13



Figure 3.5: Gear set used to move the nut follower

Dip coater circuitry use Integrated Circuit (IC) of H-bridge from ST Microelectronics
which is dual full h-bridge driver (L298N). H-bridge circuit function is to control the
direction of the motor clockwise and counter clockwise. Control circuit was designed
similar to circuit below. Complete circuit for the dip coater is shown in Appendix D:

Dip Coater Control Circuitry.

g
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Figure 3.6: Bidirectional DC motor control
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3.2 Tools and Equipment Required

The most important tool for the project is AMREC dip coater because the main
objective of the project is to improve performances that contribute to coating quality.
The thin film measurement devices were used to test the surface quality of the
product. The devices are ellipsometer and spectroscopic reflectometer. The

functionality of the device was elaborated in section 2.2 Thin Film Measurement.

Other requirements would be the coating material used to produce coating and the
furnace used to give heat treatment to the finished product. Heat-treating of the
coatings influences their protective properties. Substrates used for coating are glass

slide and silicon wafer.

In order to reduce nut follower pitch, lathe machine was used. Turning process can be
done by using this lathe machine. Dimensions of thread produced are 12 mm diameter

and 1.75 mm pitch.

Electronic components will be used in designing the control box circuit. Main
component of the control circuitry is H-bridge IC (L298N). This component controls
the direction of the motor clockwise and counter clockwise. Softwares required to

design circuit are PSpice version 9.2.3 and Multisim 2001 Power Pro.

15



CHAPTER 4
RESULTS AND DISCUSSION

4.1 Thin-film Observation and Measurement

4.1.1 Optical Microscopy

Dip coating process was done on the glass slide. The glass slide cannot be exposed to
high temperature of 1000 °C. Normally for every coating product produced, it must
go through the firing process. Glass slides cannot withstand high temperature, so it
will not go through the firing process. The coating on silicon was fired in the furnace

for 3 minutes at 1000 °C,

It is obvious from the optical microscopy result shown in Figure 4.1, the coating
produced has a wavy surface. These wavy surfaces were produced due to problem in
dip coater mechanism, When the nut follower is moved up the sample holder, the
sample will be withdrawn from the coating material (Si0;). The smoothness of the

movement will contribute to the smoothness of the coating.

16
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Figure 4.1: Optical microscopy results
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4.1.2 Spectroscopy Reflectometer

Table 4.1: Sample 1 to Sample 5 characteristics

Sample | Sample | Sample | Sample ; Sample
1 2 3 4 5
Withdrawal Speed (mm/s) | 0.5 1.5 0.5 0.5 0.5
Dip time (s) 0 0 1 30 60
Table 4.2: Result from spectroscopy reflectometer
Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5
Min. (nm) 32.57 32.5 38.19 37.07 87.5
Max. (nm) 1267.5 1267.5 1267.5 1229.2 1267.5
‘Mean:(nm) . 485.08 | 43864 | 543.84 558.8 570.61 -
Std.Dev. (nm) 293.63 304.25 372.37 317.22 326.98
Uniformity (%) +127.3 +140.8 +113.0 +108.7 1+103.4
CTE (nm) -934.48 -99.78 -1073.5 -208.37 -486.56
Wedge {(nm) 327.99 691.46 270.04 638.69 446.36
Wedge Ang. 237° 153° 79° 30° -84°
Valid 49/49 49/49 49/49 49/49 49/49
Table 4.3: Data analysis from dip coating
Withdrawal Speed (mmi/sec) 0.5 1.5
Thickness (nm) 485.08 438.64
Withdrawal speed vs. thickness
600.0
500.0 | 485.08 438.64
£ 4000 -
4 3000 1
3
£ 200.0
100.0 -
0.0
0.5 15
Withdraw al Spged (mnvs)

Figure 4.2: Graph withdrawal speed vs. thickness
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Table 4.4: Data analysis from dip coating

485.08 | 543.84 | 558.80 | 570.61

Dipping time vs.thickness
585.0
570.61

3700 1 558.80
£ 3330 154384
é 540.0 -
2 525.0 4
5100

495.0

430.0 & 485.08 . 1 . [ . .

0 10 20 30 40 50 60 70
Dipping Time {s)

Figure 4.3: Graph dip time vs. thickness

From the five samples produced (with different in withdrawal speed and dipping
time), we can easily see the different in mean thickness. Based on the Landau-Levich
equation, we can know for every increasing in withdrawal speed, it will reduce the
thickness of the coating layer. From the result which is tabulated in Table 4.3, mean
thickness was reduced from 485.08 nm to 438.64 nm for withdrawal speed of

0.5 mm/sec to 1.5 mm/sec. AMREC dip coater only provide two speed controls

which are 0.5 mm/sec and 1.5 mm/sec.

Dipping time also contribute to the change in coating thickness. From the result as
shown in Figure 4.3, it is clearly seen that increasing the dipping time would increase
the thickness of coating. Mean thickness of dipping time for 1 second, 30 seconds and
60 seconds are 543.84 nm, 558.80 nm and 570.61 nm, respectively.

Result for the SR test was shown in appendix. Refer to the Appendix A: Spectroscopy
Refleciometer Result, we can see the different in color of coating surface. This show
the coating product surface is not uniform. Without any coating to glass slide (set as

reference), we can see that the glass slide is already uniform.

19



4.1.3 Mechanical Part for Dip Coater

Dipper is the part that moves the sample up and down. It conmsists of a few
components that control the movement. The most important component of the dipper
is nut follower. To perform under low vibration, the dipper does not operate by
applying motor and gears direct to the sample holder. It is difficult to reduce the
vibration by applying motor and gears as a dipper mechanism. Movement of the

motor is already producing vibration to the sample.

Nut follower was operated by using external motor. Part that holds the sample was
attached to the nut follower. The movement of the nut follower will push the part up

and down,

Figure 4.4: Motor moves the connection part and the mut follower will
automatically pushed up and down.

The nut follower isolates the motor vibration from interrupting the sample holder.
The setup of the nut follower show the dipper is free from motor conirol. From
Figure 4.4, it is obviously shown that the person fabricate AMREC dip coater try to

reduce vibration by separating the motor and the movement part.
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Figure 4.5: Nut follower

To reduce vibration in dip coater, the pitch of the nut follower was reduced. Pitch is
the distance between adjacent thread forms measured parallel to the thread axis.
When pitch of the screw is reduced, gap between nut and the screw is smaller and

reduce shaking during the sample movement.

Figure 4.6: Basic thread

Screw pitch used for previous dip coater is 2.0 mm and diameter 12 mom. The pitch
then reduced to 1.75 mm. Material used for the screw is aluminum because it is easy

to shape.
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Figure 4.7 shows nut follower that was produced by using lathe machine. Dimensions

of the nut follower are 12 mm diameter and 1.75 mm pitch.

Figure 4.7: Screw produced: pitch 1.75 mm, diameter 12 mm

The nut follower then was attached to the dip coater body shown in Figure 4.8, L-bar
was used to form this base. From rough observation, it is physically shown that new

dip coater produce less vibration than previous dip coater.

Figure 4.8: Dip coater body
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CHAPTERS
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In the first part of the project, experiment to coat coating material (sol-gel) to the
substrate: glass slide and silicon wafer have been successfully carried out. Surface
tests namely SR and Optical Microscopy, were used to examine the surface of coating
product. Data obtained shows that the current dip coater produces low quality coating

in the form of non-uniformity and wavy surfaces.

The surface test result contributes to the research in finding the suitable mechanism
and speed of the dip coater. Sample data was collected for various speeds to find the
effect of the speed to the film thickness. From the coating process, data shows that
increasing the withdrawal speed would reduce the thickness of the film. New dip
coater offer various speed controls for dip coating process by providing variable

resistor, This resistor controls the speed of the dip coater motor.

Vibration has been identified as the source of problem providing low quality films.
The vibration can be reduced by reducing the nut follower pitch. Nut follower
dimensions now are 12 mm diameter and 1.75 mm pitch. Previous dip coater pitch is
2.0 mm. Physically this improvement has shown to have less vibration when it is
operating. From physical observation, the vibration has been reduced up to 30

percent.

23



5.2 Recommendation

Standard small DC motor was chosen. The DC motor is obtained from the gear set
kit. The motor was chosen because it is small and produce less vibration. The
application of the motor is still in the trial condition. It is suggested that a linear
motion system motor by Oriental Motor Co. Ltd. to be used as a main motor in the
dip coater system. The motor was proven by others to work efficiently in high
precision operation. The motor mechanism converts rotational motion into linear

motion.

Integrated motion control systems contain matched components such as controllers,
motor drives, motors, encoders, user interfaces and software. The manufacturer
optimally matches components in these systems. They are frequently customized for
specific applications. Number of axes, motor power and torque, controller interface
and networking options are developed with the applications area of a manufacturer.
Systems specifications, network options, direct back plane interface, and environment

are all important to consider when scarching for motion control systems.

Figure 5.1: Precision Linear Actuator and Linear Heads, Oriental Motor Co. Ltd.
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Compact Actuators DRL Series by Oriental Motor is a compact motor and has
lightweight body houses. The DRL Series model helps to achieve a significant
reduction in the size of the dip coater system. This model minimizes the number of
the number parts involved in linear conversion results in higher rehability. DRL
Series also eliminates the need to design, acquire and assemble the parts necessary to

convert rotary to linear motion.

Oriental Motor also offered Linear Heads LH Series. Linear heads are linear motion
rack and pinion units for use with standard AC motors. This model offered various
types of movements. Precision Linear Actuator and Linear Heads motor was shown
in Figure 5.1. Detail on Oriental Motor product was shown in Appendix E: Linear
Motion System. It is believed that the operation of the dip coater would be more

effective if the linear motion motor is used.
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ABOUT THIN-FIL

MEASUREMENTS

Intraduction
Thin film

Very thin layers of material that are deposited on the
surface of another matevial (thin flitns] are extremaly
important to many technology-based industries. Thin
films are widely used, for example, to provide passiva-
tign, insulating layers between conductors, diffusion
barriers, ancl hardness coatings for scratch and wear
resistanice. The fabrication of integrated circuits con-
siste primarily of the depesition and selective remaval
of a series of thin films.

Films typically used in thin-film applications range
froim a Few atoms (<104 or 0.0001 pm) to 100 pm
thick (the width of a human hair) They can be formed
by many different pracesses, {ncluding spin coating,
vacuum evaporation, sputtering, vapor deposition, and
dip coating.

To perform the functions for which they were
desigried, thin films must have the praper thickness,
composition, ronghness, and other characteristics
impartant to the particular applicatian.
These characteristics must often be mea-
sured, bath during aned after thin-
2%, film fabrication,

M The two main classes of thin-
S fitm measurement are optical
: and stylus based techniguss.
Stylus measurements
meastre thickness and
retighness by monitoring
! the deflections of a fine-
tipped stylis as it is
dragged along the surface of
the film. Stylus instruments
. are limited in speed and
accuracy, and they recuira a
*step” in the film to measure
thickness, They are often the pre-
ferred method wheil measuring
cpague filims, such as metals,

Cptical techniques determine thinfilin characteris-
tics by measuring how the films interact with light.
Optical techniques can measure the thicknass, rough-
ness, and eptical constants of a film. Optical constants
describe how light propagates through ared reflects from
& material. Once known. optical constarns may be
related to other material parameters, such as composi-
ticn and band gap.

Optical techniques are usually the preferred method
for measuring thin films because they are accurate,
nondastructive, and raquire little or no sample prepara-
tion. The two mast conitnon opdeal measurement
types are spectial reflectance and ellipsometry. Spectral
reflectance measures the amount of light reflected fram
a thin film over a range of wavelengths, with the inci-
dent light normal (perpendicular} to the sample
susface. Ellipsometry is simifar, except that it meastres
reflectance at nan-normal incidence and at two differ-
ent polarizations. [ gereral, spectral reflectance is
much simpler and less expensive than ellipsometry, but
it 1s restricted 10 measuring less complex structures,

» and k Definitions

Cpizal constants (r and & descrive how light prop-
agates through a film. In simple terms, tha elsctromag-
netic field that describes light traveling through a mate-
vial at a fixed time is given by

A cos{n %x) +oexp (-k%ﬂ %)

where x s distance, & is the wavelength of light. and »
and k are the film's refraetive index and extinetion coef-
ficient, respectively. The refractive index is definedt as
the ratio of the speed of light in a vacuum o the speed
of light in the material. The extinction coefficient & a
measure of how much light is absorbed in the material.
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Speciral Rellectance Basics
Sngle Interface

Reflection occurs whenever light crosses the mterface
between different minterials. The: fraction of lighe thar is
reflected by am furer-
face is determined
by the discontinuity
inmand . Forlight
reflected off of 2
matetial in air,

(n- 1) B

To see how spectral veflectance can T ot B
be used to measure optical constants, consider the
simaple case of light reflected by a single nonabsorbing
material (3=0). Then: n-l]2
Clearly, n of the material can be Bt
determined from a messurennent of B Tn real materials,
n vrries with wavelength (that is to say, real materials
cxhibir dispersion}, but since the reflectance is known at

Alr Rettagied fight

nuny wavelengths,
mat each of these
wavelengths is also
Tnown, as shown
Lere.

A

Multiple Interfaces

Consider now a thin fim on top of another wozerial
in this case both the top and hottom of the film reflect
tight. The total arnount of reflecred light is the s of
these two individual reflections. Because of the wavelike
nature of light, the reflections from the two interfaces
may add together cither constructively {intensitics add)

or destructively
{intensities sub-
tract}, depending
vpon their phase
relationship.
Their phase rela-
tionship is dletet-
mined by the
difference in
optical parh lengths of the twe wflections, which in wrm
is determined by thickness of the film, its optical con-
stants, and the wavelength of the light. Reflections are
in-phase and thetefore add constructively when the light
patt is equal 1o one integral multiple of the wavelength
of light. For light perpendicularly meident on s wanspar-
ent film, this occurs when 2r6 = b where o is the
thickness of the film and i is an integer (the fector of two
is due to the Fact that the light passes through the film
wice.) Conversely, reflections ate out of phase aud sdd
destruerively when the light path is oue half of 4 wave-
length different from the in-phase condition, or when
Ind = (i + 17217 The qualitative aspects of these reflec-
tions may be combined into a single ecuation:

From this, wecansee that B . A + B cos ( na')
the reflectance of a thin

filiy will vary periodically with Lwavelength, which is
illustrated below. Also, thicker films will exhibit 4 greater
number of oscillations over a given wavelengh range,
while thinner films will exhibit fewer oscillations, and
offentimes only part of an oscillation, over the sime
TAnge.

2n

4

Detarmination of thickness (4)

Determination of refractive index ()

i
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ABOUT THIN-CILM MEASUREMENTS

The amplitude and periodicity of the reflactanze of
a thin filmn is determined by the film's thickness.
aptical constants, and ether proparties such as inter-
face roughness. In cases where there is more than one
interface, 1t is net passible ta solvs for fiim properties
In closed form, not is it possibla to solve for » and £ at
sach wavelength individually. In practice, mathemati-
cal models are used that describe n and k over a range
of wavelengths using anly a few adjustable parameters.
A film's properties are determined by cakulating
reflectance spectra based on trial values of thickness
and the 21 and & maedel parameters, and then adjusting
these values until the calculated reflectarice matches
the measured reflectance.

Determining Filin Properties from Spectral Reflectance

Models for i and &

There are many models for deseribing » and kas a
function of wavelength, When choosing a model for a
particutar fiim, it is important that the model be able to
accurately describe # and k over the wavelength range
of interest using as few parameters as possible. In
general, the optical constants of different classes of
materials {e.2., dielactrics. semiconcuctors, metals, and
amorphous materials) vary quite differeritly vith wave-
tength, and require different models to describe them
{see below.) Models for dielectrics (h=0) generally have
three parameters, while nondislectrics ganerally have
five or more parameters, Therefore, as an example, to
model the two-layer structure shown below, a total of
18 adjustable parameters must be considered in the
sotutior.

eyE)= 2k ="

&(E)= 2nk = 1};

1

i) = A +%+ f—4
KA =0

=12

gos ACE; (BE,PR, 1

EEICE. E

efEF w2k = gf=)+ o

1=LYotd

Fitling parameters: A, B, C (lotatof 3)

FE>E,, ar=0if E<E,

2p J‘wse!(sJ

WEE ds  {Kramers-Kronig relafionship)

Fiting parametsts: & (=), Ay, €}, Eg, Egy, ... itotal of 5, 8 o7 13

A

I 2P [~ seals) N
B - = gfep+ a2 ds  (Kramers-Kronig relafionship}
Fitting parameters: g{s0}, A), B, Eq), ... (total of 47 ar 10)




Number of Variables,
Limitations of Spectroscopic Reflectance

Spectral raflactance can measure the thickness, rough-
ness, and optical constants of a bread range of thin
films. Howaver, if there is l2ss than one reflectance
ascillation (je. the film is very thin), there is less infor-
mation available to determine the adjustable medst para-
meters. Therefore, the number of film properties that
ey be determined decreases for wery thin films, If one
attempts 1o solve for oo many parametess, a unique
solution cannot be found; mare than one possible com-
hination of parameter values may result In a calculatect
reflectance that matches the measured reflectance.

An example of the reflectance from a very thin film,
504 of 50; on silicon is shown below, where it is com-
parad to the reflectance from a bare silicon substrate. In
this case, measuring tha thickness, roughness, and » of
the Si0; tequires five parameters to be determined.
Cleasly, the change In the spectra caused by adding E0A
of SilJ does ot require five parameters to describe, antd
a unique selution cannat be found unless some addi-
tional assumptions are mads,

Depending upen the film and the wavelength range
of the measurement, the minimum single-film thickness
that can be measured using spectral reflectance is in the
10A to 3004 range. If ona is trying to measure optical
constants as well, the minimum thickress increases to
between 1004 and 20004, untess minimal parameteriza-
tlon models can used. When solving for the aptical
properties of more than one film, the minimom thick-
nEsses ave Icraased even further.

Spectroscopic Reflectance versus Ellipsometry

Given the restrictions listed above, spectral reflectance
can he used to measure a latge percentage of technologi-
cally important films. However, when [lms are too thin.
too pumerous, or too complicated to be measured with
spectral reflectance, oftentimes they can be measurad
with the generally mare powerful technique of spectro-
scopic ellipsometry. By measuring veflectance at non-
normal incidence {typically arcund 75° from normal)
ellipsometry is more sensitive ta very thin layers, and the
wwo different polarization measurements pravide twice as
much information for analysis. To carry the idea even
further, variable-angle ellipsometry can bs used 1 take
reflectance measirements at many different incidence
angles, theraby increasing the amount of information
available for analysis.

The following pages of this brachure describe speeiral
reflectance systems availatde from Filmetrics. If you are
uncertain whether spectral reflectance or ellipsometry is
appropriate for your film measurements, please call us to
discuss your application. If spectral reflactance cannot
satisfy your needs, we will be happy torefer you to a
reputable source for ellipsomerry
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Thin-Tilkn Measurements on vour bench top

Thickness, refractive index. and
extinction coefficients are measurad
quickly ard easily with Filmetrics’
advanced spectiometry systems,
Simply plug the Filmetrics system
inte your compiters paralled port
and start making measurements.
The entire system sets up in
mirwtes and measutements can be
made by anyone with basic com-
putes skills, This simple harchware
anch intuitive sofoware provides
thin-flim knowledga 1o & whole
new group of Lsers,

From near infrared to
ultraviolet

Systems are availabls with wave-
leagths from 215 nm to 1700 nm
enabling thickness measureniants
of films 10 angsttoms to 350 pm
thick. The Filmetrics systems
measure transparent thin films
made from virtually all common
materials.

Easy to use software

The familiar and user feiendly
{mevface proviced by Filmetrics
soltware Is quickly mastered,
Measuraments are made ot about
one per second. Measured data,
along with meaurement detadls, are
easily saved and exportedd with
standard Windows file saving and
clipboarc methods. Plus, Dyramiz
Data Exchange aflow for easy inte-
gration with other programs.

AWARD WINNING PRODUCTS

R&D 100 Award

The Filmetrics in-situ systers, Model
F30. was selected as one of the |00 most
technologically significant new products
of 1997 by R&D Magazine,

[}
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X MEASUREMENTS MADE SIMPLE

may also be ploitted.

Foth the measured and calculated reflectanes spectra are dispiayed so that the
dritegrdty of the measurement may easly be judged. The measured n and & curves

TH Hesawtr - (K i %]
e e fuily droae Wiy
[ s v, flm i ; PRS-l mﬂm %
. i O
T e ot 0 41 ¥ LEsE o SR 73462040t 1 A7
8 - v
% s : 8070.7 A One measurepeny
Lo, : - / - Onie mouse click
(11
T f
Choase from a ifst
4) of conmmon fiim
{ o . i
I iy T or define jour viat
4 o a7 K
e 'k\' - | {reB 2 =L ASKE
\ ; 12 ot -t Measurvinent
o N Pt 0 P S restits are displayed
uE ; : It ant casgy-to-read
R i - P L format
L1 o] e 5] g E: e P Shast
d wide range of reflectance wavelengtfis are
available, from 220 tw 1700 nm
1, -
SEECL| R I
TR E SRTI N

Photonics Spectra Circle of Excellence
The Filmetrlcs E20 was chosen as one of the 25 most
significant new procucts of 1998 by Photonics Spectra

Magazine.

CURE L L R

SeblE
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ETRICS AD!

ANGCED SPECTROMETRY

Semiconductor Process Films—
Lab/ Process

Filmetrics measurement systems are
routinely used to measure the thickness,
reughness, and opsical constants of
oxides, SiN,. photoresist, and wther
semiconductor process fitms. In addi-
tion to thesa single fayer applications.
many two- and three-layer film measure-
ments are also possible. An example is
polysilicon/3iJ; on silicon, which is
used in SOI applications. The sereen ta
the right shows a typical measurement
resuit for the structure modeled on

page 4.
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In-Situ Measurements -—

The flexible optical probe assembly makes on-iinz and {n-situ
thickness measurements possible. Al that is required is optical
aceess for normal-incidence reflectance measurements. Call us
for more details about interfacing with your production
squipment.

8
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Optical Coatings —

Thin films are used for scratch resistance
andfor antireflection coatings in many
industries. Automotive plastics, eveglass
lerees, and many plastics packaging applica-
tions use thin fitms, For hardcoats, a primer
laver is often applied first for improved film
adhesion. Filmetrics systems are capable of
measuring the thickness of these layers indi-
vidually or simulaneously, regardless of the
prasence of coatings on the backside of the
sample.
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Flat Panel Display Applications —

Praper polyimide and resist thicknesses ave critical to
yield in flat panel display manufacturing. Besides mea-
| suring these materials, Filmetrics systems can also
measure cell gap spacing, for bath empty and fitled calls.
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F20

Thin-Filin Measurements in
Seconds

Bench top measurements aof
thickness, aptical constants
{n and I} arxl teansmittance are
made quickly and easily by the
Model 20, This versatile hard-
ware can be canfigurad to measuse
transparent or translucent films
that are 30 & to 350 pm i thick-
ness. Typlcal accuracy is within a
few angstroms. Spol size is
adjusioble over a wicle range.

Actessortes

A wide vartety of stagss. chucks,
and special maasurement heads are
available to fixture most sample
geomeiries.

Surprisingly Low Price

Filmetrics is pleased to offer a
bezakthrough price. Camplete F20
systems are available for tess than
$12,000. The difficult and expen-
sive task of thin-filr measuremeri
is now simple and inexpensive.

Wafer chucks make sample
handiing easy

Accessories are avatlabie for measering
nonstandand samples

Transmittance maybe measured witha simple
Stage modfication
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FILMETRICS

In-Situ Measurements

For process applications, Filmetrics offers systsms that nesd only
aptical aceess. Interfaces to a wide vangs of control gystems are
available.

Thickness Mapping System

Extends F20 thickness measurement functionality and
intuitive operation to automated mapping of large area
samples.

Map sample uniformity In minutes. Five points to hun-
drads of peints a fast as one second per point. Standard
chucks available for up to 12" diameter wafers. Custom
chucks alse available.

1

Turns Your Microscope into a
Fiim Thickness
Measurement Tool

For thicknass measurements on
patterned surfaces and other applice-
tions that require a spot size as small
as 10 microns.

Feor most cammuon microscopes,
the F40 is a simple bolt-on attach-
ment. Standard c-mount adapter pro-
vided for CCD camera viewing of
measurement location,
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I\f[]d{’*l% = for comiplee specifications. visit sue Web site

Modell Thickness Measurement Range *
Thickness only Thickness with 1 and k

rz20 160 & 10 50 pm 1000 A to 10 pm
F20-U¥ 30 Ato 20 pm 5004 to 5 pm
F20-NIR 1000 & to 250 pun 3000 A to 10 pm

F30 1000 A to 50 pm 1000 A 10 5 pm

F40 200 A to 20 pm na

F50 300 A to 50 pim n/a

F20 Performance Speeifications

System Specifications

Spot Size Spectrameter Type

Adjustable 500 pm te 1 em Fixed Czerny-Torner veith 512 element photadiode array
Sanple Size Light Source

Fram | mm to 300 nem diameter and up Regulated Tungsten Halcgen
Thickness Aceuracy * Comipeer Requirements

= 1 nmat 500 nm thickness Systern running Windows™ B8 ¢r later with avatiablz
Frecision? USE port

0.1 nm 5 ME hard disk space
Repearabllicg® 2 MB free menory

047 nm Power Requirements

100-240 VAC, 30-60 Hz, 0.3-0.1 A

" Tepical valess, biyer sck depesxdent
Ouher configurations i able
Starctard devlarion of 100 thizkness readings of 508 nm SIC; L o sfiven
subrstzzte, Malue Is averags of starudard deviations measired oves FATIY
scresive iys.
2 Favsigma bived emchily average o 100 reactings of 500 un 510, Bl wn
sllican,

Questions?
Please call us If you weuld like more inforration about measuring
your-thir films, or to arvangs for a free friel measurement.” . .

. Internationa! customers will find a ‘complete list of agents on our
Web site. : R

Speeiicaiin mubject eo zhangs withoue narke
Ha pant of iz docimene miy be dsplimies] without whities tatsan o Freeis, T,

Filmetrics, e, 9335 Chesapeaks Drive. San Diego, CA 92123
(858) 573-2300 + Fax: (858) 573-0400 + E-mail: info@filivewics.rom

POIERET IR Visit our Web site! wvowfi lmetrics.com

FiL

& 2003 Filmewivs, Inc. Bev 0303
Brinted in the L5A

1z
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APPENDIX C
MOTOR AND GEARBOX
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DEERT | @eo RO TISIORE T

GEARBOX ASSEMBLV @Seieci one of tres Speads necording to'uss,
*Ep-HEEMERLET
2 EAT— | . 25&#3’-'- *Noto size of Jears,
24T Gear X2 26T Geae X1

EI Spacer *1 ﬁli;a;[. . * 2_

“dmaFylon— ¥"k’1§193
“Wua_her *1 Grarox x1
{{EEED [ Snie
Low speed 24T Goar ™~

264 H A
26T Gear:

st
Pl v oY, T M.

28R

24T Ggar 267 Gear ‘24T Gear

G U e

Mediuim spead

24fukAr—
24T Geer

24T Giiar

m‘j’//‘\'— At
Washsr - Spacar
{ERME L ae :
High speed - 28T Genr Coe
44—

24T Gear

26HHFT—
26T Gear

19

e ;
24T Gear Gedibox

o496 1096 TAMIA ) ] Aot AL — e A {HITE
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Motor

(o Y
| EoAmE— Magium/high-spaed
= -~ Pinlén geas;:

9 RS RDEY DN RETr AR DR ST
Sy L3 ©

OUTPUT SHAFT ~Direclion of e culpid-shalt can-be aliered.

KR w7 b .

st shait

I o
Bidir7h

Threaded shall 1~
; (5
(RED ;
TiNom

Gmbm‘ev_i.

FRALET Frptson
;-;exw;anch Giearbox
3X§5m3LI:'JL -
LEFPLE
- Berew
Loy (Tt
Horizerital Vertical
b bt g
Oulput shafl

¥4 -2,

P FSAZA =2 WhisZH ¥ b
Output 4hidht Drive.case Ovlput shatt - Dmput sh;st Drive_ ]
#ﬁfzﬁzo’)tUﬂH ﬁ-‘;‘t‘_
SECURING GEARBOX i

De not hinder totation of outpu!-shahs. May

chuse damnga fo gears;

kg R
?ap_mng screw

(-5 Mt {—fju?‘v?'rfrr) = i
Thin plale_q_r_letff. piaaiic) é}___s»-m-ﬁ;r
TAMIYA, INC. RINTED 1N JABAN

55



APPENDIX D
DIP COATER CONTROL CIRCUITRY
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APPENDIX E
LINEAR MOTION SYSTEM
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Linear Motion

FMUN NG RE BN C PRSPPI PO N IO E S RES P EFNOFPEERUEBRE ARSI

introduction and Features ot Linear Motien -
How to Read the Specifications

o DT

D43

OHEEWTAL MOTOR GENERRL CATALOG 200272006 BD-1

60




& Precision Linear Actuators
Compact Actuators
DRL Series

Hotat

--Page 03 for detalls

Introduction and Features of Linear Motion

G AR S LA NG4S A G AN A A A A AR AN A 4O AEA AN I A AU NN H NG A A SR RGP R AR N AN AN G ERAATA G

H,,,.‘.-Plsase Stuppinyg Notor

Thls hollow rotor shaft
utilizesalincar motien
mechanlsm norder 1o
handie diret thruet joads.

Scraw Shafl -~
Mees. forveard and
backvrard (nearly}.
An pateynal aniti-spia
fhechanism must be
pravidad ar choase
the guided actuator.

f Features

The DRL, Sarlas inear acluator is a seif-contained package

consisting of a §-phase stepping mator with a holiow shaft

rotor connected 10 a ball screw nit, The actuator uses a

micrastapping driver to defiver extremely precise positioning.

# The compact and fightweight body housas the rotating
components as well as the Enear motion mechanism of
fite slepping motor. The DRL Series helps lo achleve &
significant reductian in the size of your squipment ang
syslem.

& The holiow rotor shaft Incorporates large bore beatings to
directly hardle thrust loads. Minimizing the number of the
paifs imvolved i Ensar convarsion rasults in higher
teliapifty.

& Eliminates the need to design, acquire and assemble the
parts necessary to convert rofary to linear mofion.

& Application Examples

& DriveMASBANISM for 3 SECHIOR XY % Focusing a CCD camera 4 Centering a substrate
stape (RiCTOmeter hedd X-¥ Blage)

D-2

QRIEHT AL WOTOR SENERAL CATALGG 2000004

1
Serew Hul

" $talor

1args Bore Baarings
Supnorts heavy trist loads,

M Construction

4 Motor

The 5-phase stepping motor offers high-reselution and Low-
viosation.

@ Drlver

The diivel featies microstepplng electionics that
alectronically divide the hasic step ‘angte of the motor, thus
enabling higher rasolution and lowsr vibration operation at
Tow spesds.

# Boll Screw

Both tolled and ground bal sciews we avalatie, depending
on the accuracy reguired.

< Slllcon water pin lifter
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# Rack & Pinfon
Linear Heads
LH Series

-+Page D17 for detail

Rark Saommat

A Bty
(8ol Separataly)

Goar Unit

Pinicn

& Features

Linear heads are lineas motion rack-and-pinion units for use

WD standasd AC mokors,

@ Depending on Ihe type of mator coupled directly 1o tie
linear head, various types of movemeants are pussible,

& A wids range of products are avallapie.

@ Motors for direct coupling to the linear heads are sold
separately.

& Decimal gearheats which reduce the basic speed by 161
ase available.

& Application Examples

Linear heads provide a linear drive mechanism that can be
used in a varsty of applications for simpler machanism
design anad easier wiring.

4 Pressing operatlon

+ Reveraing operation

# Construction

Linear heads use reduction gears 10 educe molor speed and
increasa motor torgue, while a raliabie and low Cast rack-
antl-pirion mechanism converts rotational motion into lingar
motion. The direction of sack movement is determinad by the
ditection of motor atation. When the rack 1eaches either
end, it is necessary to reverse the direclion of Fack
movemant by changing the direction of mator zotation. Since
linear heads da npi have an automalic stopfreverse
mechanisms, it is necessary lo attach fimit switches or
sensors to change the ditection of motor ratation.

& Motor
The ideal way to change the diiection of rack movemant
instantaneously is 1o use a reversible motar,

@ Rack
Solid-drawn S45C steel is gaar-cut and givan a nilride finish
to reduce sliding ftiction and provide rust-resistanca.

@ Rack Grommet
The 1ack is supparted by two grommets made by an oilless
meta.

tols:

if the end of the rack should advance nts the rack case and the rack i supported
by only 0t grommet, it might causa the mechanism to matfunction. The rack
trovemant ghould alwiys be rever sed befara the 6dge ol the rack reachas the fsk
grommat.

@ Traveling operation

QREENTAL MOTOR GERERAL CATALOG 2003204 D-3
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D-4

How to Read the Specifications Table

AR AR B R R AR A EA A AR AL AR AP A I LG A AR A A A S LA AU GRS ESAAT AR DA MM I MGG d A AR EEF RGN G hddabiandy

# Example Guide Actuator Specificatlans

Model Dl!lﬂPA'IO-OSD|DRI.28PBIG~OSD

Motar Type 5-Phasa Stapping Mabor
(12 Dilve Methad Rallad Ball Serew | Graund Ball Serew
p Madmurn Transport ble Mase 1. (kg EEEL&H;T::)A 32; ‘:1';) ;:iig]
i Ancelaration 1782 (i) 066 (0.2) 8 (0.2}
A ionDeoaleration Rabs {Baaic) ma'kHz 10 o mole 1Gor mate
%) Maximum Spesd 1n.fs {mmis) 004 {29) 0.04 (24)
51 Madmurm Thrust Farca 1b. (N 67 (30 6.7 (40)
) Mexdmum Ralding Foros &t Excitaion 1b. [N} 67 {30) 6.7 (30)
(& Helding Furos at Nan-Excitation 1k (N 0 0

Me: 8 Me: 0
) Maximum Load nenls w-in (M- M M 1]

1. 0 Me: 0
10 Repetiive Fosltionlng Actoracy in. (om) | 00007R002) g zgmis :gﬁ;;
D Lost Motion in. tmm} 0.0039 i0.4} 0.002 (.05}
5% Resolution {Bagic) in. fmmj | 0.000079 (2.002) | 0.000079 (0.002)
% Laad in, {mm] 00393} 0039 (1}
5 Stiuke in. {mm] 1.14 (30} 1.6 {303
Ve t. {rg) 0.56{025] 055 (0:25)
Ambient Temperaturs 32 °F -+ 104 “F {0 0~ 440 °C)

) Drive Method
fAechanism used to corwest motar rotation to inear motion.

(2 Maximum Transportable Mass (Horizontal direction)
Maximum mags that can be moved undar rated conditions
In the horizontal direction.
Fot the stancald type the thrust iorce is reducad by the
amount of frictiona! resislance of tha sliding surface and
the mass of a guide.

(3 Maximum Transpeortable Mass (Vertical ¢irection)
Maximum mass that can be moved under rated condifions
in the vertical direction.

@) Acceleratlon
Iaximum accelelation rate attowed to move with the
maximum transportable mass in e horizantat direction.

& Maximum Speed
Maximum speed allowed to be moved with the maximurm
transportabia mass,

&) Maximum Thrust Foree
Maximum theust fores at constant speed with no load.

GRIENTAL WITOR GENERAL CATALTG 20002004

{# Maximum Holdlng Force at Exeltation
raxamum holding farce with the power on.

{8 Holding Force as Non-Excitation
Maximum hoiding force with the power oft,

8 Maxtmum Load [nertia
hMaximum force that can oe applied to the gulde when the
certler of gravity of the actuator and load has an offset

40 Repetitive Posltioning Accuracy
Errar wien moving to same position to the same direction.

b Lost Mction
Positionlng ey that occurs when positioning to & specific
point in the opposile direction,

{2 Resolution
Distance the motor moves with one step pulse input.

@3 Lead
Distance the motor moves in one tesolution.

42 Stroke
Maximium distance the lpad can be moed.
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APPENDIX F
PERMISSION LETTER



KEBENARAN MEMBAWA: PERALATANKELUAR '

Kepada
Pegawai Kesélamatan
Sirim Berhad.
o :
Saya memohon uituk siembawa keluar barangan/peralatan berikut:
Bl Bifiran Barangan/Peralatan Kttt Tarikh
. . Penpeluaran ]
Pola | v 2 to EEPTEMPED. 200

* Sekiranya berlalcu kerosakan/iehilangan pada alatan ’berkenaan dalam téimpeh mnjama.n saya

bemsetaiun mcmbmkmya/meng gantinya.

G, -
Tantiatangan Pemohon _ 51
"Nama.kwpumrsllvkb‘&b@#ﬁ
Tarikh: 9 vEpTEMbER OO
" Samb. Tel: oif-572-9°77
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APPENDIX G
REFERENCE DIP COATER

Source: Mat Tamizi Zainuddin, Researcher, Photonic and Electronic Material Group,
AMREC, SIRIM Bhd.
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