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CHAPTER I 

INTRODUCTION 

The semiconductor integrated circuit was first intro

duced when the silicon transistor waa built using a planar 

process in 1959. Later it was discovered that this process 

could be expanded to include resistors, capacitors, and 

diodes, allowing fabrication of complete functional circuits 

within the substrate [1]. Integrated circuits have created 

a new electronic era that has changed the technological and 

economic profile of the world. Since 1961, the number of 

transistors that can be successfully fabricated on a single 

chip has doubled almost every year. To keep pace with an 

increasing level of integration, acronyms intended to impart 

the magnitude of this level of integration were born without 

specifying the size of the chip. Thus, we have SSI, MSI, 

LSI, and VLSI standing for small scale, medium scale, large 

scale, and very large scale integrated circuits, respective

ly. The beginning time frames for each of these, roughly, 

were the mid 1960's, the early 1970's, the mid 197G's and 

the early 1980's, respectively [2]. Now, the development of 

ultra large scale integrated (ULSI) circuits is about to 

take place, and the design limits have still not been reach

ed [3,4]. 



1^ Trend in Semiconductor Manufacturing 

The economic forces in the semiconductor manufacturing 

process have historically moved in the direction of process 

optimization, larger wafers, minimum die area, and a minimum 

number of processing steps that will produce a product with 

the required specifications. Due to very strong interna

tional competition in the semiconductor industry, devices 

must be produced not only with greater precision and higher 

quality, but with ongoing unit cost reductions as well. 

Automation appears to be the top candidate to help meet the 

above challenges and to obtain reliable control over each 

processing step and the overall process in semiconductor 

manufacturing. 

To improve automation, a closed-loop process control 

feedback system that monitors and controls every step in the 

process is needed [11]. The primary feedback control system 

in the wafer fabrication (fab) today is the process engi

neer. The engineer walks up and down the fab area looking 

for out-of-control situations and takes corrective action 

[12]. As the wafer geometry continues to shrink, many 

process parameters are becoming extremely sensitive and 

difficult to adjust. 

Much of today's automation in semiconductor manufactur

ing is directed at process monitoring to maintain specifica

tion limits. That is, measurements at the end of each pro

cess step are compared with standard specification limits 



and wafers are either passed, reworked, or scrapped. Such 

an approach represents a first step toward automatic feed

back control [13]. But more study of control parameters 

will be required to continue the evolution toward closed-

loop process control. 

In semiconductor manufacturing, the photolithography 

section requires more repeated steps than any other section 

and is in great need of improved control. 

1_.2 PhotQlitho^raphv 

Semiconductor fabrication requires that precisely con

trolled quantities of impurities be introduced into tiny 

regions of the silicon substrate, and subsequently these 

regions must be interconnected to create components of mi-

crocircuits. The patterns that define such regions are 

created by the photolithographic process (Figure 1.1). That 

is, layers of photoresist materials are first spin-coated 

onto the wafer substrate. Next, the photoresist layer is 

selectively exposed to a form of radiation, such as ultra

violet light. An exposure tool and mask are used for the 

desired selective exposure. The patterns in the photoresist 

are formed when the wafer undergoes the subsequent "develop

ment" step. The area of resist remaining after development 

protects the substrate regions. The exposed area of the 

substrate can be subjected to a variety of additive (e.g., 

lift-off) or subtractive (e.g., etching) processes [14,15]. 



mm RLM 

UBSTRATE 

OTHER 
TASKS 

PHOTORESIST 
COATING 

PHOTORESIST 

RADIATION 

YYYYYYY 

UNDESIRED 
PHOTORESIST 
REWOV€D 

EXPOSE 
MASK y^ PHOTORESIST 

/ DEVELOPING 

(MASK WITH A CIRCXIIT PATTERN) 

Figure 1.1 Sequence of steps in photolithography 
process 



CHAPTER II 

OPTIMAL CONTROL IN PHOTOLITHOGRAPHY 

Photolithography has been used for years; unfortunate

ly, there are few electrically measurable properties that 

can be used to control this complex process. Normally, the 

wafer is inspected off-line only after the development step 

(Figure 2.1). If any defect is found on the wafer, the 

entire photolithography section may need to go over again. 

Due to the lag in the system and infrequency of the measure

ment, wide swings in the process output can occur. Current

ly, the process runs with only human feedback control. 

As wafer geometry becomes more critical, the wafer 

processes become more sensitive to changes. A change in one 

process step or specific control parameter is likely to 

create a series of adjustments in most or even all other 

process steps or parameters. With the current lack of 

control, it is no surprise that the yield may vary from 

wafer to wafer and from lot to lot. The result is an unde-

pendable process with unpredictable yield. 

To manufacture an integrated circuit takes about a 

month. If an error occurs early in the process cycle and is 

undetected, several days of subsequent processing are wast

ed. Ideally, most of the process parameters should be 

properly monitored and controlled. The primary measurements 



of the results of the photolithography section occur after 

the process is completed and on different machines. To 

create a feedback control system then requires communication 

between the different machines and sufficient memory storage 

to relate the process that occurred in the past to the 

current measurement. 

The first step in developing a feedback control system 

for the photolithography section is to provide improved 

control and monitoring for each piece of equipment in the 

section and to use a controller that is sophisticated enough 

to communicate with other machines and store measured data. 

The research work of this thesis will be directed to 

classify the control and monitoring parameters in the photo

resist spin coating and development processes of photolitho

graphy section and to implement a PC based control system 

for the photoresist spin coating and development processes. 

2.1 Process Parameter Classification 

For monitoring and control, the process must be des

cribed by process factors, or process parameters. All the 

process factors, or parameters, depending on their time of 

occurrence, will be classified into five categories. 

2.1.1 Preformed Parameter 

A preformed parameter represents a variable that con

tributes to the results of the output parameter, but, the 



value of the preformed parameter is decided when the machine 

hardware is built, such as the shape of the spin-bowl. As 

the named implies, the state or the value of the preformed 

parameter cannot be altered once it has been set for use in 

a specific machine; that is, a preformed parameter is assum

ed to maintain an identical condition during all processes. 

Monitoring may be given at the critical points to detect the 

condition of the parameter and to guarantee that the pre

formed parameter is able to support the process. 

2.1.2 Preset Parameter 

The preset parameter has more than one state or value 

for different needs of the process, which means the state or 

the value of the preset parameter can be changed from pro

cess to process and is set by the process recipes. Once 

set, the state or the value of the parameter is fixed for at 

least one run of the process. The control and monitoring of 

preset parameters is from process run to process run. 

2.1.3 Control Parameter 

A control parameter represents a variable whose state 

or value is changeable depending on the needs of the pro

cess. The initial state or the value of the control parame

ter is set by the process recipe, but in the real-world 

process, there always exists a difference between the set 

value and the actual value. Monitoring the actual data and 
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comparing with the desired data, creates the possibility of 

closed-loop control of the process. 

2.1-4 Monitor Parameter 

A monitor parameter is a variable whose state or value 

is monitored in order to guarantee that the output of the 

process is functioning properly. 

2.1.5 Output Parameter 

An output parameter is the result of the combined 

functions of preformed parameters, preset parameters and 

control parameters. Most of the output parameters are the 

objectives of the process. However, undesired outputs occur 

and must also be examined. Due to the nature of the pro

cess, output parameters cannot always be monitored. 

2^ Trend of Control Device 

The traditional, fragmented approach to increase manu

facturing efficiency has resulted in some automation of 

single pieces of equipment in factories. Programmable con

trollers which provide simple sequential control have been 

used in manufacturing for two decades. Most programmable 

controllers lack the capability to exchange information with 

the outside world and frequently require a basic hardware 

reconfiguration to add on new input/output controls. 



The microelectronic revolution in the development of 

semiconductor integrated circuits has led to the development 

of sophisticated computer hardware that permits large com

puting power in tiny semiconductor chips at minimal cost. 

One of the results of the new generation of microelectronics 

is the personal computer (PC). Today's personal computers 

are equivalent in basic computing power to the mainframes of 

the 1960's and the minicomputers of the 1970's, but the 

price of a personal computer is much lower [13,14]. 

The personal computer was originally designed for use 

on the desktop. It is cheap, possesses convenient program-

testing facilities and has good display features. Indus

trial users, taking advantage of faster microprocessors, 

higher capacity memory, plug-in I/O modules, and serial and 

parallel communication interfaces, are incorporating the 

personal computer to control manufacturing machines and to 

analyze factory floor data [15]. 

The personal computer is an ideal controller for the 

manufacturing machines since it cannot only provide the 

sequential type control of a programmable controller, but 

can also easily communicate with other machines and store 

data. The PC is a versatile and powerful controller and is 

the controller ^hosen for this research effort. 
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CHAPTER III 

PHOTORESIST SPIN COATING 

High-speed spinning of silicon wafers has been the 

standard method for applying photoresist coatings in semi

conductor manufacturing for over two decades. "Spin coat

ing," as it is more commonly called, will probably be used 

for this purpose for a long time, or as long as the semicon

ductor industry uses flat, circular silicon wafers, which 

lend themselves well to this coating technique. Spin coat

ing has remained basically the same since it was first used 

for applying thin, uniform photoresist films on wafer sur-

face§. The spin coaters, however, have become more sophis

ticated in many respects. 

3.1 Purpose of Photoresist Coating 

In the past, the objective of spin coating was simply to 

coat the entire wafer surface with photoresist. Recent 

research has shown that an undulate thickness of photoresist 

can cause a variation in linewidth of the exposed image 

[20]. This variation in thickness can also influence the 

uniformity of the dissolution rate during photoresist deve

lopment [21]. To prevent this, the photoresist thickness 

must be precisely controlled during spin coating. Other 

research has shown that the uniformity of the photoresist 

11 
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layer affects the accuracy of the projected image during 

exposure. 

In order to increase the yield in the semiconductor 

manufacturing process, it is necessary to control and moni

tor every step in the process as much as possible. But, 

some defects that cause failure of the process are still 

unpredictable. For example, the photoresist lifting during 

development is caused by poor adhesion preparation before 

spin coating [18]. This lifting problem is not detectable 

during spin coating or the exposure process, but only ap

pears at the end of the photolithography process. In addi

tion, as the semiconductor technology has allowed designers 

to use narrower linewidths, originally negligible contamina

tion particles may now block the exposure image or leave 

cavities after developing and has become a significant pro

blem [16,17]. Therefore, contamination control and adhesion 

improvement must be included in the desired output parame

ters of the spin coating process. There are four basic 

output parameters for spin coating - photoresist thickness 

(pho_thk), photoresist uniformity (pho_ uni), contamination 

control (ctm_ctl), and adhesion improvement (adh_imp). 

3.2 Photoresist Thickness 

The main purpose of photoresist coating is to place a 

photoresist layer with a desired thickness on the wafer 

surface. The photoresist material (pho_mtl) itself is the 
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basic raw material for the spin coating process. Three more 

variables also influence the photoresist thickness which are 

included in the following equation: 

T = f( pho_jntl, pho_vlm, spn_spd, spn_tim ) (3.1) 

where T is the thickness of photoresist layer on the 

wafer, 

pho_mtl is the physical characteristics of the 

photoresist, 

pho_vlm is the volume of photoresist dispensed. 

spn_spd is the spin speed during the photoresist 

coating, 

and spn_tim is the duration of the spin. 

3.2.1 Characteristic of Photoresist 

The characteristics of the photoresist (pho_mtl) itself 

strongly influences the thickness of the photoresist layer 

on the wafer surface. Every photoresist has its own parti

cular chemical and physical properties. These properties 

must be used to design the process recipe for the spin 

coating process to assure the desired thickness of the 

photoresist layer on the wafer. The photoresist is a preset 

parameter, which means that once it has been chosen, the 

characteristics of the specific photoresist stays unchanged 

during the process. 



14 

The thickness is gradually formed while the wafer is 

coated. The coating involves three stages: a) dispensing 

the photoresist onto the wafer; b) accelerating the wafer to 

the final rotational speed; and c) spinning at a constant 

speed to establish the desired thickness (and to dry the 

film). 

3.2.2 Volume of Photoresist 

The volume of photoresist (pho_vlm) should be suffi

cient to cover the majority of the wafer before accelera

ting. If a large volume of photoresist is dispensed, it has 

little effect on the final thickness [23]. However, photo

resist is relatively expensive and a large portion of the 

photoresist is usually spun off and goes down the drain. 

Thus, it makes sense to use only enough photoresist to 

provide the desired thickness. Since the volume of the 

photoresist has to be properly controlled, the pho_vlm is a 

control parameter. If possible, the pho_vlm has to be moni

tored to guarantee the quantity of the photoresist, and it 

is a monitor parameter. 

3.2.3 Spin Speed 

Spin speed (spn_spd) naturally influences the photore

sist thickness. Different thicknesses are formed by differ

ent spin speeds. Most photoresist manufacturers utilize 

experimental data to develop a baseline for the spin coating 
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process. Empirically generated spin speed curves for speci

fic photoresist thickness are shown in Figure 3.1. The flat 

tail of the curve in Figure 3.1 is toward the high speed 

end. It is usually good to choose the desired spin speed 

from this flattened portion of the curve, thus a slight 

variation in the spin speed of the process will not cause a 

significant change in thickness. Spin motor wear and wafer 

breakage must also be considered in selecting the actual 

spin speed [24]. 

The spin speed is a control and monitor parameter. The 

speed value is assigned by the process recipe. For monitor

ing the actual speed value, a tachometer connected to the 

shaft of the spin motor or an optical sensor with a digital 

counter is commonly used. 

3.2.4 Spin Time 

The spin time (spn_tim) is a control parameter. A long 

spin time assures that the desired thickness is obtained 

[25]. But, maximum wafer throughput is also a priority. 

The spin time must be as short as possible without losing 

the desired coating thickness. 

3.2.5 Control of Photoresist Thickness 

To obtain a desired photoresist thickness on the wafer 

is the main purpose of the spin coating. Most photoresist 

suppliers provide experimental charts to show the relation-
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ship between the spin speed and the photoresist thickness. 

Before choosing the pho_mtl and spn_spd, the pho_vlm and 

3 spn_tim can be assigned large values, for example 3 cm and 

20 seconds respectively. If the spin speed is of most 

concern, the proper photoresist can be found at the inter

section of the fixed thickness and spin speed lines. Usual

ly, the photoresist is first chosen, then the spin speed is 

decided by tracing down the point where the desired thick

ness touches the curve of the specific photoresist. Photo

resist is frequently available with different viscosities 

and can be chosen to optimize performance and throughput. 

After the pho_mtl and spn_spd have been chosen, the spn_tim 

and pho_vlm can be determined by test runs. However, the 

spn_tim and pho_vlm are of concern when the throughput of 

the process and the use of photoresist are considered. 

3.3 Photoresist Uniformity 

The photoresist uniformity is influenced by the follow

ing variables: 

U = f( waf_cen, spn_chk, bow_flw, noz_pos, spn_aoc) 
(3.2) 

where U is photoresist layer uniformity, 

waf_cen is the position of the wafer, 

spn_chk is the condition of the spin-chuck, 

spn_bow is the condition of the spin-bowl. 
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noz_pos is nozzle position, 

and spn_acc is the spin acceleration in spin coating. 

3.3.1 Wafer Centering 

The wafer must be in a proper position during the 

process. After being unloaded from the cassette, the wafer 

is sent to the center of the chuck (waf_cen). Improper 

centering causes nonuniform photoresist coating and poten

tial breakage of the wafer during the spin. In conventional 

centering, the wafer is stopped at the center of the spin-

chuck by a static device, such as a fixed bar. The center

ing device has to be well calibrated to guarantee that the 

wafer is properly centered every time. Waf_cen is a pre

formed parameter. 

3.3.2 Spin-Chuck 

The spin-chuck (spn_chk) is used to hold and spin the 

wafer during the process. The chuck diameter should be 

large enough to hold the wafer and prevent breakage. Vacuum 

is commonly used to fix the wafer on the chuck from the 

bottom of the wafer during processing. Three factors in the 

chuck that have influence over photoresist uniformity are 

the vacuum distribution (vac_dst) on the chuck surface, the 

chuck temperature (chk_tim), and the tilt (chk_til). 

a. Vacuum Distribution - This is a preformed parameter 

decided when the coater is built. Two types of vacuum 
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distribution geometries are commonly used on the chuck sur

face; radial pinhole and concentric grooves, as shown in 

Figure 3.2. Under identical vacuum pressures test, the 

wafer has a better flat surface on a pinhole chuck [19]. 

b. Chuck Temperature - The chuck is usually at ambient 

temperature. When the chuck is spun along with liquid 

dispensing onto the wafer, the chuck temperature can de

crease. Temperature variations on the wafer surface cause 

photoresist coating nonuniformity. The variation of the 

chuck temperature is consistent from run to run and can be 

characterized through test runs. Tests have shown the va

riation to be small. The chuck temperature is a preset 

parameter but it is normally not considered important. 

c. Tilt - The wafer chuck has to be completely leveled 

when the machine is brought into the fab. A tilted chuck 

can cause backside coating during the spread cycle and is a 

potential source of wafer contamination [26]. Since, the 

tilt is set when the machine is moved into the fab, it is a 

preformed parameter. 

3.3.3 Spin-Bowl 

The spin-bowl (spn_bow), as its name implies, is de

signed to provide a processing space in which the wafer is 

manipulated and the excess liquids can be collected. A 

basic configuration of the spin coater is shown in 

Figure 3.3. The wafer is moved in and out through the 
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top opening of the spin-bowl. The wall of the spin-

bowl serves as the splashguard. Photoresist droplets, 

traveling at high speeds, are the possible sources of 

splash back or redeposition onto the wafer which cause 

nonuniform photoresist coating. Therefore, the typical 

bowl must have a 45 or sharper angle splashback wall 

to catch and collect these droplets. Also, lining the 

bowl with nonshedding material prevents photoresist 

absorption and eliminates splashback of photoresist 

onto the wafer surface. 

A drain in the bottom of the spin-bowl with negative 

pressure, which is provided by the exhaust vacuum, creates a 

slow downward directional movement to keep excess liquids 

and fumes in the bottom of the spin-bowl, and then to drain 

them away. When the exhaust vacuum is functioning, the size 

of the top opening of the spin-bowl and the value of the 

negative pressure determine air flow rate (bow_flw) by the 

venturi effect. A decrease in the spin-bowl opening creates 

increased downward air motion. This effect causes an in

crease in the skin effect or drying of the surface of the 

photoresist, a phenomenon that causes variations of the 

photoresist uniformity on the wafer during the spread cycle. 

The spn_bow cannot be changed aftor the spinner is built and 

is a preformed parameter. The bow_flw is partially affected 

by the exhaust vacuum and is a preset parameter. 
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3.3.4 Nozzle Position 

The basic nozzle in the coating machine is used to 

dispense photoresist. The nozzle tip for photoresist dis

pensing should be close to the wafer surface to prevent 

splashing effects. A nozzle position (noz_pos) of 7/32" 

above the wafer surface has been found to be much better 

than 1/2", probably because less fluid turbulence resulted 

[22]. Since the nozzle is fixed on the machine, it is a 

preformed parameter. 

3.3.5 Acceleration Rate 

The wafers are normally accelerated (spn_acc) as quick

ly as possible to the final spin speed. High ramping rates 

have been shown to yield better film uniformities than low 

ramping rates because the solvent in the photoresist evapo

rates rapidly after it has been dispensed onto the wafer. A 

spin acceleration of 20,000 rpm/sec has been suggested as an 

adequate compromise to provide maximum coating uniformity, 

without causing motor-wear problems or excessive wafer brea

kage [27]. Although rapid acceleration helps to provide 

good photoresist coating uniformity, the slow spin accelera

tion has little impact on final photoresist thickness but 

this impact is not considered to be critical [28]. The 

acceleration rate is a control parameter. 
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3.3.6 Control of Photoresist Uniformity 

The above study shows that photoresist uniformity is 

strongly influenced by the preformed parameters, which de

pend on the spinner's structure and must be considered when 

the machine is being built. Two minor preset parameters, 

chk_tmp and bow_flw, can be known by test runs. The only 

control parameter, spn_acc, is usually activated after the 

photoresist has initially dispensed for 2 to 3 seconds and 

then speeds up the wafer rotation until the wafer reaches 

the final set speed. 

3.4 Contamination Control 

Many changes in wafer processing have driven IC pat

terning capability well below the 1 um level. Surface 

contamination control necessarily has become more sophisti

cated to detect and identify monomolecular films and resi

dues as well as particles with dimensions in the 0.1 to 0.5 

um range, large enough to disrupt pattern geometries. Con

tamination control is normally achieved by keeping the wafer 

away from potential contamination sources which is given by: 

C = f( waf_sur, noz_cln, mov_prt, egb_cln) (3.3) 

where C is the level of contamination control, 

waf_sur is the contamination on the wafer sur

face , 
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noz_cln is to control the contamination caused by 

the dispensing nozzle, 

mov_prt is to control the contamination caused by 

the moving part, 

and egb_cln is to control the contamination caused by 

the edge bead on the wafer. 

3.4.1 Wafer Surface 

A wafer's surface (waf_sur), prior to the imaging, must 

be virtually free of particulates and contaminating films. 

The position of the contamination on the wafer is unpredic

table. Although there are several ways to inspect the wafer 

surface, it is still difficult to control the contamination 

of the wafer surface. The best way to keep the wafer clean 

is to prevent the contamination from the wafer. The conta

mination on the wafer surface is a preformed parameter. 

3-4.2 Nozzle Clean 

Every time when the photoresist has finished dispen

sing, the photoresist remaining in the nozzle must be pre

vented from dripping on the wafer. Dried photoresist resi

due is a source the particulate contamination. It is common 

to use a vacuum from the exhaust device to suck back the 

photoresist residue inside the nozzle. Some coating spin

ners provide a moving arm with the nozzle, which enables the 

nozzle to move away from the wafer surface. Since the 



23 

"suckback" function has to be turned on or the arm has to be 

moved away when the nozzle is not in use, the nozzle clean 

device (noz_cln) is a control parameter. 

3.4.3 Moving Parts 

To eliminate contamination, equipment is being built in 

clean rooms and designed with as few moving parts around the 

dispensing area of machine as possible. This is a preformed 

parameter. 

3.4.4 Edge Bead 

When the photoresist is spun, some photoresist may 

deposit along the wafer edge to form a bead of photoresist 

residues [29]. The existing edge bead will not immediately 

affect the process of photolithography, but it is a poten

tial contamination source and can cause the wafer to tilt in 

the sequential tasks when the bead is dry. The edge bead 

can be dissolved by a chemical solvent [30], such as, cello-

solve acetate. The solvent can be sprayed on the back edge 

of the wafer to clean the edge bead while dispensing the 

photoresist. Therefore, the egb_cln is a control parameter. 

3.1.5 Control of Contamination 

More and more high quality clean-rooms have been 

invested in and built for the semiconductor industry in 

order to actually prevent the contamination from the envi-
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ronment around the processing area. In discussion, two 

control parameters, noz_cln and egb_cln, are found to parti

cipate in the spin coating process to do contamination 

control. The noz_cln must be activated immediately after 

the photoresist is not dispensed. The egb_cln is activated 

at the moment when the photoresist is started to dispense. 

It keeps the activating state until the entire coating step 

is finished. 

3.5 Adhesion Improvement 

Poor adhesion causes the failure of the process. Thus, 

a promoter is used to improve surface adhesion before the 

photoresist coating is applied. Adhesion can be represented 

as: 

A = f( pmt_mtl, mtd_dry) (3.4) 

where A is the adhesion between the photoresist and 

wafer surface, 

pmt_mtl is the promoter, 

and mtd_dry is the drying of the promoter before 

photoresist coating is applied. 

3.5.1 Promoter 

Poor adhesion is usually caused by the moisture from 

prior wet processing or from the atmosphere which is absorb

ed by substrate surface. The hexamethyldisilazane (HMDS) is 
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commonly used as the promoter to improve adhesion of the 

wafer surface [31]. As shown in Figure 3.4, the HMDS mole

cule reacts with the wafer-oxide surface to tie up molecular 

water and can form a bond with the photoresist molecule. 

Hence, the adhesion to the wafer surface can be significant

ly improved after the HMDS spray. The promoter material to 

be chosen (pmt_mtl) is a preset parameter. The control of 

the promoter (pmt_ctl) is a control parameter. 

3.5.2 Method of Drying 

The HMDS cannot be mixed with photoresist in liquid 

form. The photoresist coating starts only when the HMDS is 

dry. Otherwise, the mixture is flammable and generates 

fatal fumes in the dispensing area. Many methods can be 

used to dry the wafer. Nitrogen is commonly used and can 

dry the wafer rapidly. The method of drying is determined 

when the coater is built and is a performed parameter. The 

drying (dry_ctl) is a control parameter which must be well 

determined in the process recipe. 

3.5.3 Control of Adhesion Improvement 

The processing time for HMDS dispensing and the re

quired wafer spin speed are usually specified by the chemi

cal manufacturer. For example, HMDS from the KTI company is 

spun at 1500 rpm for 2 to 5 seconds. The processing time 

must be long enough, so the entire wafer surface can be 
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covered by the HMDS. Then, nitrogen is turned on while the 

wafer is spun at the same speed for 10 to 15 seconds to dry 

the HMDS. 

3.6 Summary 

Table 3.1 lists all the process parameters that must be 

considered in an ideal spin coating process. As shown in 

the table, some parameters with parentheses are related to 

the parameters which have the same symbol in front of them. 

This table shows the output parameters, which are the objec

tives in the current spin coating process, and the related 

process parameters, which influence to the output parame

ters . 
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Table 3.1 Process parameters in ideal spin coating process 

Output Preformed Preset Control 

Photoresist 
Thickness 

Photoresist 
Uniformity 

Contamination 
Control 

Adhesion 

waf_cen 
*spn_chk 
noz_pos 

*(vac_dst) 
*(chk_til) 
+spn_bow 

waf_sur 
mov_pat 

%mtd_dry 

pho_mtl 

*(chk_tmp) 
+(bow_fIw) 

&pmt_mtl 

pho_vlm 
spn_spd 
spn_tim 

spn_acc 

noz_cln 
egb_cln 

%(dry_ctl) 
&(pmt_ctl) 

* included in spn_chk 
+ included in spn_bow 
% included in mtd_dry 
& included in pmt_mtl 

Abbreviation 

ace 
bow 
cen 
cln 
dst 
egb 
flw 
mtd 
mov 
noz 
pat 
pmt 
spd 
sur 
til 
tmp 
vac 
waf 

acceleration rate 
spin-bowl 
centering 
cleaning device 
distribution 
edge bead 
flow rate 
method 
moving 
nozzle 
parts 
promoter 
spin speed 
surface condition 
tilt 
temperature 
vacuum 
semiconductor wafer 

chk : spin-chuck 
ctl : control 

mtl : material 

pho 
pos 
spn 

photoresist 
position 
spin 

tim : duration time 

vim : volume 
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Figure 3.2 Two common types of vacuum distribution 
geometry on the chuck 
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CHAPTER IV 

PHOTORESIST DEVELOPMENT 

Following the exposure process, the wafers are deve

loped in order to leave behind a given image, which will 

serve as a temporarily attached mask on the surface of the 

wafer for other tasks. 

Photoresist development has always been viewed as a 

relatively "passive" step in photolithography. In many 

respects, developing an imaged photoresist is as simple as 

removing exposed (positive) or unexposed (negative) photore

sist, and no more. In the past, this process was not re

garded as critical to the final developed photoresist image. 

However, the increased density in IC geometries has made all 

factors in the photolithography process more sensitive, and 
4 

photoresist development has to be given more emphasis. 

Photoresist development can be accomplished by various 

methods. The choice of the developing equipment depends 

upon the complexity of the pattern geometry, the size of the 

wafer, and the required production rate. The spray and spin 

technique, which is implemented by the TI Developer (intro

duced in next chapter) used in this research, is one of the 

most popular techniques for the development process and will 

be discussed in this chapter. 

32 
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4-._l Purpose of Development 

The main purpose of photoresist development is to pro

perly control the developing. The undesired portion of the 

photoresist layer is removed by dissolving it into the 

developer liquid, and the desired image on the photoresist 

layer stays on the wafer for other tasks. After developing, 

the wafer is rinsed, because the developing action continues 

unless the developer is completely removed from the wafer 

surface. To obtain a uniform development process, both 

developer and rinse liquids must be fresh and evenly dis

pensed. Thus, the developing action (dev_ctl), the unifor

mity of development (dev_uni), and the rinse (rin_ctl) are 

the output parameters of the development process. 

±^ Developing Action 

The development process must neither over- nor under-

develop the photoresist. The degree of development process 

is directly decided by the developing action and its related 

variables: 

D = f( pho_thk, pho_exp, dev_cct, dev_tmp) (4.1) 

where D is the reaction to remove the photoresist, 

pho_thk is the photoresist thickness before deve

lopment, 

pho_eng is the energy got from the softbake and 

the printing of the desired mask pattern. 
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dev_mtl is the physical characteristic of deve

loper, 

and dev_tmp is the developer temperature. 

4.2.1 Photoresist Thickness 

Ideally, the speed of the developing is a constant. 

The photoresist thickness (pho_thk) directly influences the 

dissolution rate. The actual photoresist thickness has to 

be measured before the wafer is sent to the developing 

machine. After the spin coating process, the wafer is 

prebaked, exposed, and sometimes kept for a period of time. 

The photoresist thickness on the wafer can be changed during 

these processes. The time required to dissolve the unde

sired photoresist can be estimated from the thickness of the 

photoresist. The pho_thk is a preset parameter which is 

decided before the process. 

4.2.2 Exposure Energy 

The characteristics of the photoresist are influenced 

by the energy of the heat and light used to activate the 

photoresist [32,33]. The energy (pho_exp) is a quantity 

which can be measured during the bake and image exposure 

processes and is a preset parameter which has to be known 

before the development process. 
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4.2.3 Developer Liquid 

The characteristics of the developer material (dev_mtl) 

itself strongly influences the developing action. The mo

dern developer liquid has been improved to have wider pro

cess latitude and to be more efficient for photoresist 

developing. However, there are many developer liquids in 

market, which must be properly chosen to match with the 

specific photoresist. Moreover, different concentrations of 

the same developer liquid are provided to have different 

photoresist dissolution speed. Normally, the most concen

trated developer liquid requires the shortest developing 

time [34]. Dev_mtl is a preset parameter which must be 

properly chosen. The control of developer dispensing 

(dev_ctl) is a control parameter. 

4.2.4 Developer Temperature 

Developer temperature (dev_tmp) is a critical parameter 

in the development processes. The chemical action of the 

active ingredient in the developer is a direct function of 

developer temperature [34]. A varying temperature will 

produce greatly different dissolution rates. Generally, 

increasing the developer temperature increases the rate of 

atts'̂ k on the photoresist image. Figure 4.1 shows the 

relationship between line-width change and developer tem

perature for various exposure settings where the line-width 

change was 1/4 um for a developer temperature shift of +/ F 
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[37]. The developer temperature during the development 

process is assumed as a constant and is a preset parameter. 

4.2.5 Control of Developing Action 

The process recipe is usually specified in the manufac

turer's manual. In a common case, when the development 

process starts, the developer is first sprayed onto the 

static wafer for 2 to 4 seconds. Along with continuous 

spraying, the wafer is then spun at a low spin speed (under 

1000 rpm) for 20 to 30 seconds and the developing is done 

[35]. For considering other variables, most of manufactur

er's manuals also suggest that the proper development pro

cess recipe must be determined by evaluating both exposure 

and development test runs. Once a proper process recipe is 

found, a wide range of tolerance can be allowed. 

4.3 Development Uniformitv 

The development uniformity is given by: 

U = f( agi_mtd, dev_tim, noz_typ) (4.2) 

where U is the uniformity of the development process, 

agi_mtd is the method to agitate the liquids in 

process, 

dev_tim is the developing time, 

and noz_typ is the type of nozzle used for process. 
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4.3.1 Agitation 

The agitation (agi_jntd) is a technique to keep a conti

nuous supply of solvent evenly spraying on the wafer sur

face. Spinning the wafer while the solvent is dispensed is 

the method of agitation in the spin and spray development 

process. This technique has the advantage of breaking the 

liquid up into many small droplets and providing a scrubbing 

action that efficiently removes the dissolved photoresist 

material [36]. The agi_mtd is a preformed parameter. In 

the spin and spray development process, the agitation is 

operated by spinning of the wafer. Then, the control of the 

spin motor (spn_mot_ctl) is a control parameter. 

4.3.2 Development Time 

"Development time" (dev_tim) is the time required to 

completely dissolve and remove the photoresist from the 

desired areas. The development time relates to the exposure 

time because increased exposure time results in reduced 

inhibitor concentration and then an increased dissolution 

rate of the photoresist [38]. In general, development times 

should be relatively long, i.e., 20+1 sec., because shorter 

times will reduce the process latitude and increase the 

margin of error in developed geometries. The dev_tim is a 

control parameter in contemporary application and is set in 

the process recipe. 
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4.3.3 Nozzle Type 

As the developer liquid is dispensed from the nozzle, a 

drop in developer liquid temperature can occur and influence 

the uniformity of the development process. Heated nozzles 

can be employed to compensate for this effect, but to use a 

heated nozzle usually increases the equipment cost. A re

cent development of the nozzle is the vapor jet nozzle, 

which atomizes the developer liquid into mist. This avoids 

the temperature drop and offers a greater uniformity of 

dispensing. However, whatever the nozzle is used, the noz_ 

typ is a preformed parameter. 

4.3.4 Control of Development Uniformity 

In the above discussion, there are two control parame

ters, dev_tim and spn_mot_ctl, affect the development uni

formity. Actually, these two control parameters are also 

related to the developing action. They are important and 

need to be checked at the beginning when the process recipe 

is first designed. 

4.4 Rinse 

Following the developing, the second step is to rinse 

the wafer surface and to stor the photoresist dissolving. 

R = f( rin_mtl) (4.3) 
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where R is the method to stop developing, 

rin_jntl is the physical characteristics of the 

rinse liquid. 

4 . 4 . 1 Rinse Liquid 

After the development, the rinse liquid (rin_mtl), is 

needed to effectively stop developing and to wash away 

residues from the wafer surface. The choice of the develop

er and the rinse liquids is based on their chemical proper

ties, which can match with each other, and the photoresist 

used on the wafer. The rin_mtl is a preset parameter. To 

spray the rinse liquid (rin_ctl) is a control parameter. 

4.4.2 Control of Rinse 

The control of rinse is similar in design to the con

trol of developing action. Basically by referring the manu

facturer's manual, right after the developing liquid stops 

dispensing, the rinse liquid is first sprayed for 10 to 20 

seconds while the wafer is commonly rotated at the same 

speed as in developing. If two liquids are served from 

different nozzles, 1 to 2 seconds overlap is also suggested. 

When the rinse is finished, nitrogen is recommended to spray 

for 10 to 20 seconds at a spin speed of 3500 to 5000 rpm to 

dry the wafer [35]. 
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4.5 Summarv 

As shown in Table 4.1, the process parameters, which 

are considered as important in the development process, have 

been listed. By comparing to the spin coating process, the 

factor from machine structure shows less influence to the 

development process. On the other hand, the values of some 

of the preset parameters in the development process, such as 

the exposured energy in photoresist (pho_eng), need to be 

determined by previous processes when to choose a proper 

recipe. 
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Table 4.1. Process parameters in ideal photoresist 
development process 

Output 
Parameter types 

Preformed Preset Control 

Developing 
Action 

Development 
Uniformity 

"agi_jDtd 
noz_typ 

*^dev_mtl 
pho_thk 

pho_eng 
dev_tmp 

**(dev_ctl) 

(spn_mot_ctl) 
devtim 

Rinse rin_mtl (rin_ctl) 

" included in agi_mtd 
<• included in dev_mtl 

included in rin_mtl 

Abbreviation 

agi 
ctl 
dev 
eng 
mtd 
mot 
noz 
pho 
r in 
spn 
thk 
tmp 

agitation 
control 
developer liquid 
energy content 
method 
motor 
nozzle 
photoresist 
rinse liquid 
spin 
thickness 
temperature 

mtl material 

tim 
typ 

duration 
type 

time 
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CHAPTER V 

PROCESS PARAMETERS IN TI SPINNERS 

In order to apply PC based control and monitoring to 

the spin coating and the photoresist development process, 

two spinners, a coater and a developer, originally developed 

by Texas Instruments Incorporated are used. Each spinner is 

comprised of a pair of air tracks, a dispensing system, a 

spin/lift assembly, and an exhaust system. The two spin

ners, the Coater and the Developer, are basically the same 

with slight differences in the structure of some of the 

mechanisms, such as the dispensing head. 

Each machine is 44" high, 24" wide, and 24" deep. The 

rectangular shape of the spinner makes the machine adaptable 

to join with other prototype machines. Each spinner oper

ates on 4" silicon wafers, with only one wafer processed at 

a time. 

5.1 Basic Operation of the Spinner 

The first step in the operation of the spinners is to 

move the wafer into the dispensing area using the air track 

When the wafer is properly located, a vacuum is applied to 

the bottom of the wafer to hold the wafer on the center of 

the spin-chuck. Next, the spin-chuck is lowered by the 

spin/lift assembly into one of the two processing levels, 
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where the assigned tasks, such as spin and spray, are per

formed. In the photoresist coating process, both processing 

levels have to be used to prevent the promoter liquid and 

the photoresist from mixing together. 

Each processing level has its own exhaust system. The 

excess liquid is thrown by centrifugal force into the spin-

bowl and collected by the drains, where the excess liquid 

and by-product gas, if any, can be pulled away by an indus

trial exhaust vacuum. 

After the desired tasks have been performed at each 

processing level, the wafer is brought to the exit level and 

sent out by the air track. The detailed functions of the 

spinners and the associated process parameters will be de

scribed in the following sections. 

^ L ^ Air Track 

In modern semiconductor manufacturing, the wafers are 

carried and transported by cassette from machine to machine 

to keep the wafers in a protective and clean environment 

before the process. There are two air tracks in each spin

ner, named the input air track and the output air track, 

which were designed to carry the wafers between the casset

tes and the dispensing area of the Coater and the Developer. 

The air tracks are two 6" X 12" teflon coated aluminum 

plates around the spin-chuck, as shown in Figure 5.1. The 

wafer is driven along the track by a cushion of compressed 
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air directed through jets in the track. The jets are angled 

at 30 to make the wafers move forward. 

Controlling the compressed air to the air track (trk_ 

air_ctl) controls the movement of the wafer, and trk_air_ctl 

is a control parameter which is accomplished by turning the 

air track solenoid on and off. Currently, both input and 

output air tracks are simultaneously controlled by a single 

solenoid. 

The wafer moving speed (waf_spd), a output parameter, 

is dependent on the pressure of the compressed air 

(trk_air_prs), a preset parameter, and the distribution of 

the jet holes (jho_ dst), a preformed parameter. 

Trk_air_prs is preset by manual adjustment of miniature 

valves on the air supply line. Each input and output air 

track has its own miniature valve, which allows different 

pressures for the different air tracks. 

5.3 Wafer Centering 

For the TI spinners, wafer centering is accomplished in 

a conventional way. Before the wafer is ready to be put 

onto the spin-chuck, the chuck has to be at the entrance 

level, where the chuck is the same height as the surface of 

the input air track. Once the wafer is moved in, a locator 

bar, which is also shown in Figure 5.1, stops the wafer in 

the proper position on the chuck. A capacitor sensor in the 
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locator bar detects whether the wafer is either present or 

not present (waf_psn), which is a monitor parameter. 

Wafer centering (waf_cen) is an important output para

meter in the photoresist spin coating process, because it 

can affect the uniformity of the photoresist layer. Waf_cen 

shows the wafer in either a "good" or "bad" centering posi

tion. To assure that every time the wafer is properly 

centered before the process, the locator bar position (bar_ 

pos), which relates to the waf_cen as a preformed parameter, 

has to be well calibrated before running the machine. 

Once the wafer is centered and the waf_psn detects the 

wafer presence for a fixed continuous period, the chuck 

vacuum (chk_ vac_ctl), a control parameter in either an on 

or off state, is turned on by a solenoid to fix the wafer on 

the chuck during the entire process until the wafer is ready 

to move off the chuck. The pressure of the chuck vacuum 

(chk_vac_prs), a preset parameter, is manually adjusted by a 

miniature valve. 

A "chuck vacuum check" sensor attached to the chuck 

vacuum supply line is used to monitor the wafer fixed condi

tion (waf_fix), which is a monitor parameter. If the wafer 

is fixed tightly in place, the negative pressure in the 

vacuum supply line is large enough to pull a plunger inside 

the sensor box and break contact with the end side metal. 

which puts the sensor output wires in an open-circuit condi

tion. On the other hand, if the wafer is broken or not 
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fixed, the negative vacuum pressure is nullified, and the 

output wires of the chuck vacuum sensor will show a short-

circuit condition to indicate that it is not safe to conti

nue the process. 

5_̂ 4 Spin/Lift Assemblv 

The spin/lift assembly is an electro-mechanical struc

ture that provides the rotational and vertical movements of 

the chuck. A pictorial view of the spin/lift assembly is 

shown in Figure 5.2. At the top of Figure 5.2, the chuck 

and the steel sleeve are lifted up to show the pedestal and 

the "chuck home" sensor. The rotational movement is pro

vided by the spin motor located in the middle of the spin/ 

lift assembly which allows for different spin speeds and 

acceleration rates. In the Coater, the rotational movement 

is used to distribute the photoresist uniformly to a desired 

thickness layer over the surface of the wafer. In the 

Developer, the rotational movement provides an agitation 

motion on the wafer for a uniform reaction in the developing 

and rinse steps. The lower parts of the spin/lift assembly 

provide vertical movement which bring the chuck and the 

wafer to four assigned levels for different operations. 

5.4.1 Spin-Chuck 

The spin-chuck, or chuck, is designed to hold the wafer 

during the process and to bring the wafer to the desired 
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process level. The chuck is a circular plate 3" in diameter 

and is mounted on the top of a rotating pedestal. On the 

surface of the chuck, the vacuum distribution (vac_dst) 

system, a preformed parameter, has a fixed geometry of jet 

holes for securing the wafer. In addition to the chuck 

vacuum, each TI spinner has solenoid-controlled compressed 

air to move the wafer from the chuck when the chuck is at 

the exit level. The chuck compressed air shares the same 

jets with the chuck vacuum, and both of them are supplied 

through the center of the pedestal. The control of the 

chuck compressed air and vacuum, chk_air_ctl and chk_ 

vac_ctl, are control parameters in either an on or off 

state. 

A cylindrically shaped steel sleeve around the pedestal 

holds the pedestal in position above the spin motor. Two 

tiny pipes go through the steel sleeve and open at the top 

of the steel sleeve and under the edge of the wafer. These 

pipes can be used for dispensing a solvent to clean the 

photoresist edge bead during the coating process. The con

trol of spraying solvent to clean the edge bead (egb_cln) is 

a control parameter in either an on or off state. The space 

between the pedestal and the steel sleeve is called the 

chuck air sleeve. An air sleeve purge is developed by 

solenoid-controlled compressed air connected to the chuck 

air sleeve. Purging serves two functions: (1) to keep the 

pedestal area clean, and (2) to keep the bottom of the wafer 
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clean. Since the purging is controlled by a solenoid, the 

slv_pug_ctl is a control parameter in either an on or off 

state. The pressure of the purging air (slv_pug_prs) is 

controlled by miniature valve which is a preset parameter. 

5.4.2 Wafer Vertical Movement 

The vertical motion of the chuck is accomplished by the 

slider crank assembly. Its operation is similar to that of 

a piston in an automobile engine. As the lift motor ro

tates, the crank arm also rotates, moving the lift arm to 

different heights. Figure 5.2 shows the relative position 

of lift motor, lift motor shaft, crank arm, and lift arm. 

Two lift shafts on the top of the lift arm connect to the 

motor mount plate, where the spin motor, the tachometer, and 

the chuck pedestal are mounted together on the same shaft. 

When the lift motor moves the lift arm, the chuck along with 

all the mechanisms attached to the motor mount plate are 

moved, creating a total vertical travel of .934 inches. 

The chuck is designed to operate at four different 

vertical positions (ver_pos), which are the entrance level, 

the exit level, the upper processing level, and the lower 

processing level as shown in Figure 5.3. At the entrance 

level, the chuck is at the same height as the input air 

track and the locator bar. At the exit level, the chuck is 

even with the output air track in order to send the wafer 

out. At the upper or the lower processing levels, the chuck 
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is positioned so that the excess liquids thrown off the 

wafer are caught in the upper or the lower cup assembly of 

the respective drain system. All the levels are fixed, so 

the ver_pos is a preformed parameter. 

The vertical motion is provided by the lift motor, 

which is connected to a high torque gear assembly to make 

the chuck move. To control vertical movement, the motor 

drive card, a control circuit, is used to drive the lift 

motor. The lift motor control (lif_mot_ctl) is a control 

parameter. 

The lift motor itself cannot recognize the position at 

which it is to stop. The vertical position (ver_pos), a 

monitor parameter, of the chuck is identified by three 

optical sensors. The description of the lift motor control 

circuitry and the optical sensors is included in the next 

chapter. 

5.4.3 Wafer Rotation 

The spin motor is mounted to the motor mount plate to 

provide the rotational movement of the chuck. The shaft of 

the spin motor is fastened to the pedestal and the chuck to 

directly spin the wafer. Ideally, the spin motor can turn 

the chuck at any processing level. 

To obtain a desired thickness and uniform photoresist 

layer, and to provide proper agitation during photoresist 

development, the motor spin speed (spn_spd) and acceleration 



51 

(spn_acc) must be properly controlled, which makes the 

spn_spd and spn_acc control parameters. The control of the 

spin motor is discussed in the next chapter. 

An optical sensor named the "chuck home" sensor is 

located inside the chuck air sleeve. Before the chuck is 

ready to receive or output the wafer, the chuck must be 

properly aligned. Alignment is accomplished by slowly rota

ting the chuck until the "chuck home" sensor detects that 

the chuck is in the desired position. The alignment posi

tion (aln_pos) is fixed, and it can be monitored as being in 

or out of the position, so the aln_pos is a preformed and 

monitor parameter. 

^ L ^ Dispensing Svstem 

The dispensing system supplies the necessary liquids to 

the surface of the wafer. The different dispensing heads in 

the spinners are designed for different purposes. The dis

pensing system for the Coater supports promoter spraying, 

drying, and photoresist dispensing on the wafer. The dis

pensing system for the Developer provides for developer 

liquid spraying, rinsing, and drying. Figure 5.4 shows the 

dispensing systems for the Coater and the Developer. All 

the liquids used in the dispensing system are assumed to be 

clean and in ample supply. 
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5.5.1 Dispensing System in the Coater 

The Coater dispenses the promoter (pmt_mtl) and photo

resist (pho_mtl). To fast dry the promoter on the wafer, 

nitrogen is used and presents a material for drying 

(nit_mtl). Because of the variety in the chemical composi

tion and physical characteristics of the pmt_mtl, pho_mtl, 

and dry_mtl, these materials must be determined before the 

process, and they are preset parameters. All the pressures 

of the above fluids; pmt_prs, pho_prs, and nit_prs; are aiso 

preset parameters which can be adjusted by manual valves. 

As shown in Figure 5.4, the promoter supply line comes in 

from the right-hand side. The promoter spraying (pmt_spr) 

is controlled by a solenoid for a period of time which is a 

control parameter in either an on or off state. The method 

of drying is to turn the nitrogen solenoid on (nit_ctl) for 

a fixed period of time. Hence, the nit_ctl is a control 

parameter in either an on or off state. 

After the promoter is dry, the wafer is moved to ano

ther processing level to coat on the photoresist. The 

photoresist spray (pho_spr) is a control parameter which is 

controlled by a pneumatic valve in either an on or off 

state. When the pneumatic valve is opened, the photoresist 

comes in from the top of the valve and goes through nozzle 

onto the wafer. The pre-pressurized photoresist makes the 

photoresist flow constantly. When the photoresist is not 

being dispensed, the suckback function (suk_bak), which is 
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a control parameter in either an on or off state, is turned 

on by solenoid connecting the exhaust system vacuum to the 

nozzle in order to prevent a residual droplet from falling 

on to the wafer. Processing time is important when the 

liquids and nitrogen are dispensed, so pmt_tim, pho_tim, and 

nit_ctl are control parameters. To understand the physical 

operation, the combinations of the solenoids control and 

their related functions are shown in Table 5.1. In Table 

5.1, each "SO" and number indicates a specified solenoid in 

the Coater, whose position is shown in Figure 5.4. 

The distance between the photoresist dispensing nozzle 

and the wafer surface (noz_pos) can influence the photore

sist uniformity. Noz_pos is a preformed parameter. 

5.5.2 Dispensing System in the Developer 

The Developer sprays the developer liquid (dev_mtl) and 

the rinse liquid (rin_mtl). As in the Coater, nitrogen 

dispensing is used to dry the wafer. Because of the variety 

in the chemical composition and physical characteristics of 

the dev_mtl, rin_mtl, and nit_mtl, these materials must be 

determined before the process, and they are preset parame

ters. The pressure of the above fluids can be visually read 

from the fluid meters and manually adjusted by the knobs on 

the fluid meters, so the dev_ prs, the rin_prs. and the nit 

_prs are also preset parameters. 
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Table 5.2 shows combinations of the solenoids control 

and their related functions. The position of the solenoids 

is shown in Figure 5.4. The developer liquid spray 

(dev_spr) and the rinse liquid spray (rin_spr) are the 

control parameters in either an on or off state. The nitro

gen is important for it not only dries the wafer but also 

atomizes the chosen liquid in the dispensing head to form a 

fine mist on the surface of the wafer to provide a uniform 

development process. The nitrogen control (nit_ctl) is a 

control parameter which is controlled by a solenoid which is 

not in the dispensing head and can be in either an on or off 

state. When each fluid is dispensed, processing time must 

be considered, so dev_tim, rin_tim, and nit_tim are control 

parameters. 

The suckback function (suk_bak), a control parameter in 

either an on or off state, is available by controlling the 

solenoids of the dispensing head to receive the vacuum from 

the exhaust system to the nozzle to prevent a residual 

droplet from falling on to the wafer. 

5 6 Exhaust Svstem 

The function of the exhaust system is to help remove 

excess liquids from the wafer processing area. Each spinner 

has a spin-bowl and two drain systems, one for each proces

sing level, physically separated by the cups. 
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As shown in Figures 5.5 and 5.6, the cup assembly 

surrounding the chuck consists of two cups and two baffles, 

one for each processing level. This arrangement provides 

separate drains to collect liquids at the upper and lower 

processing levels. Once the wafer begins spinning, excess 

liquid is thrown off into the cup of that level. The baf

fles distribute liquid and vapor in a uniform radial flow 

away from the wafer. The flow of liquid and vapor strikes 

the side of the cup and passes to the opening of the drains. 

Three drains are equally spaced 120° apart in each cup. The 

structure of the spin-bowl (spn_bow) is a preformed parame

ter and the negative pressure inside the cup and drain (bow_ 

vac_prs) is a preset parameter, which is set by the indus

trial exhaust system connected to the machine. 

5.6.1 Exhaust System in the Coater 

To prevent mixing the photoresist and promoter, the 

drains for the different processing levels go to different 

catch cans inside the drain cabinet. The catch cans are 

manually emptied to the proper facilities for safe disposal. 

In the bottom of the drain cabinet, two pneumatic 

butterfly valves connect the vacuum from the industrial 

exhaust system to the different drains. The butterfly valve 

is controlled by compressed air. When compressed air is 

sent in, the butterfly valve is open, which attaches the 

vacuum from the industrial exhaust system to the drains. 
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Otherwise, the butterfly valve is normally closed to turn 

off the vacuum. The butterfly compressed air (but_air_ctl) 

is controlled by a solenoid and is a control parameter in 

either an on or off state. 

5.6.2 Exhaust System in the Developer 

In the Developer, all drains go down to the same catch 

tank. An exhaust screen assembly inside the top portion of 

the catch tank filters out any suspended particles in the 

fluids. Beneath the exhaust screen assembly is a butterfly 

valve, which controls the vacuum from the industrial exhaust 

system to the drains to suck out the excess liquid of the 

process. 

The butterfly valve in the Developer is larger in size 

than the butterfly valve in the Coater. A valve control 

mechanism is operated by using compressed air to open the 

valve and vacuum to close the valve. The choice of butter

fly valve compressed air (but_air_ctl) or vacuum (but_vac_ 

ctl) is controlled by a three-way solenoid. The but_air_ctl 

and but_vac_ctl are control parameters in either an on or 

off state. 

5 7 Comparison with Process Models 

Table 5.3 summarizes the process parameters for the TI 

spinners. These process parameters vary somewhat with the 

parameters in ideal process models (see Table 3.1 and Table 
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4.1). The ideal process models list the parameters which 

have a direct influence on the desired outputs. However, in 

the practical implementation of the TI Coater and Developer, 

some process parameters are added to carry out auxiliary 

functions. The discussion in this section compares the 

process parameters in the TI spinners with the parameters in 

the ideal processes. 

5.7.1 Spin Coating Process 

As shown in Table 3.1, there are four parameters which 

affect photoresist thickness. Two of them, pho_mtl and 

spn_spd, are the same as in the Coater. Pho_vlm is deter

mined by pho_prs and pho_spr together. Since the pho_prs is 

a preset parameter, the period of time that pho_spr stays in 

the "on" state determines the volume of photoresist. The 

last variable, spn_tim, is simply the length of time the 

spin motor is activated. 

Photoresist uniformity is dominated by preformed para

meters. Waf_cen is composed of several parameters in the 

Coater. The wafer is first sent to the prospective position 

by the air track. Therefore, all the parameters in the air 

track are included as parts of waf_cen. The physical wafer 

centering position is decided by bar_pos. After waf_psn 

indicates the presence of the wafer, chk_vac_ctl is turned 

on, which fixes the wafer in position and finishes the 

motion of waf_cen. Spn_chk is not specified as a parameter 
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in the Coater, but it physically exists. Vac_dst, spn_bow, 

noz_ pos, and spn_acc are all shown in the Coater as in the 

ideal process model. Bow_flw is preset and can be assumed a 

constant during the process, which is equivalent to bow_vac 

_prs in the Coater. The last two parameters, chk_tmp and 

chk_til, are not found in the Coater; however, they can be 

determined by initial measurements on the equipment. 

Four parameters comprise contamination control in the 

ideal process model. Noz_cln is similar to suk_bak in the 

Coater, but the latter can only prevent the nozzle from 

dripping while the former ideally means eliminate any resi

due inside the nozzle. Egb_cln in the Coater is combined 

with slv_pug_ctl to make the egb_cln in the process model. 

Two parameters in ideal model, waf_sur and mov_pat, are not 

included in the Coater parameters. Mov_pat is a preformed 

parameter that is fixed by the equipment and waf_sur must be 

obtained by inspection of the wafer prior to running the 

process. 

All the parameters in adhesion improvement are included 

in the Coater. Mtd_dry in ideal model is determined by 

nit_mtl, nit_prs, and nit_tim together. Pmt_jntl in ideal 

model is the same as in the Coater. Dry_ctl is composed of 

nit_ctl, nit_prs, and nit_tim in the Coater. Pmt_cti are 

equivalent to pmt_spr, pmt__prs, and pmt_tim together. 
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5.7.2 Photoresist Development Process 

The ideal development process in Table 4.1 can also be 

compared with the TI Developer in Table 5.3. For the deve

lopment process, dev_mtl is included in the Developer and 

also dev_ctl in the model is equivalent to dev_spr, dev_prs, 

and dev_tim together in the Developer. Two of the parame

ters in the model, pho_thk and pho_eng, are not shown in the 

Developer since they must be determined prior to the photo

resist development process. Dev_tmp is not included in the 

Developer but can be found by test runs. 

As to the development uniformity, agi_mtd and spn_mot 

_ctl in the process model, are made by spn_spd with a fixed 

period of activation time in the Developer. Dev_tim is 

determined by the period of time between when dev_spr is 

turned on to start developing and rin_spr is turned on to 

stop developing. Noz_typ is not contained in the Developer 

parameter but it actually exists and is a preformed parame

ter . 

For the rinse portion of the development process, 

rin_mtl is contained in both the model and the Developer. 

Rin_ctl in the model includes rin_spr, rin_prs, and rin_tim 

in the Developer. 

Table 5.4 lists all the parameters for the ideal pro

cess model and relates them to the parameters for the TI 

spinners. Figure 5.9 summarizes the current condition of 

each process parameter in the TI spinners. 
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Table 5.1 Combination of solenoid control in the Coater 
dispensing system and related functions 

Dispensing Solenoids condition 
function ! SQ-l! SG-2! SQ-6! SQ-IQ! 

1. "Suck back" 
2. HMDS spray 
3. Photoresist spray 
4. Nitrogen dry 

OFF 
OFF 
OFF 
ON 

OFF 
ON 
OFF 
OFF 

OFF 
OFF 
ON 
OFF 

ON 
OFF 
OFF 
OFF 

Table 5.2 Combination of solenoid control of the Developer 
dispensing system and related functions 

Dispensing Solenoids condition 

function !S0-l!SQ-2!SQ-3iS0-4! 

1. "Suck back" OFF OFF OFF OFF 
2. Developer spray ON OFF OFF ON 
3. Rinse spray ON ON ON ON 
4. Nitrogen dry OFF OFF OFF ON 
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Table 5.3 Process parameters in TI spinners 

Preformed Preset Control 

Air Track 

Wafer Centering 

Spin-Chuck 

jho_dst trk_air_prs trk_air_ctl 

bar_pos chk_vac_prs chk_vac_ctl 

vac_dst chk_air_prs chk_air_ctl 
slv_pug_prs slv_pug_ctl 

egb_cln 

Vertical Motion ver_pos 

Chuck Rotation aln_pos 

Dispensing System 
Coater noz_pos 

Developer 

pmt_mtl 
pho_mtl 
n i t j i t l 
pmt_prs 
pho_prs 
nit_prs 

dev_mtl 
rin_jntl 
nit_mtl 
dev_prs 
rin_prs 
nit__prs 

lif_mot_ctl 

spn_acc 
spn_spd 

pmt_spr 
pho_spr 
nit_ctl 
suk_bak 
pmt_tim 
pho_tim 
nit_tim 

dev_spr 
rin_spr 
nit_ctl 
suk_bak 
dev_tim 
rin_tim 
nit_tim 

Exhaust System 

Monitor 

waf_psn 

waf_fix 

ver_pos 

aln_pos 

spn_bow bow_vac_prs but_air_ctl 
but_vac_ctl 

Abbreviation 

air 
bak 
but 
jho 
nit 
pug 
slv 
suk 
ver 

compressed air 
back 
butterfly valve 
jet hole 
nitrogen 
purge 
air sleeve 
suck 
vertical 

aln 
bar 
fix 
lif 
prs 
psn 
spr 
trk 

align 
locator bar 
fixed condition 
lift 
pressure 
presence 
spray 
track 
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Table 5.4 Comparison of the process parameter between 
ideal process models and TI spinners 

Procesc; Model < = > TI Spjnnpr 

1. Spin Coating Process 

Photoresist 
Thickness 

Photoresist 
Uniformity 

pho_mtl 
pho_vlm 
spn_spd 
spn_tim 

waf_cen 
spn_acc 
bow_fIw 
noz_pos 
vac_dst 
spn_bow 
spn_chk 
chk_til 
chk_tmp 

Contamination noz_cln 
Control egb_cln 

waf_sur 
mov_pat 

Adhesion mtd_dry 
pmt_mtl 
dry_ctl 
pmt_ctl 

pho_mtl 
pho_spr 
spn_spd 
spn_tim 

pho_prs pho_tim 

bar_pos chk_vac_ctl 
spn_acc 
bow_vac_prs 
noz_pos 
vac_dst 
spn_bow 
spn_chk 
(known by test run) 
(known by test run) 

suk_bak 
egb_cln slv_pug_ctl 
(inspected before process) 
(inspected before process) 

trk_air_ct1 

nit_jntl 
pmt_mtl 
nit_ctl 
pmt_spr 

nit_prs 
pmt__prs 

nit_tim 
pmt_tim 

2. Development Process 

Developing 
Action 

dev_mtl 
dev_ctl 
pho_thk 

pho_eng 
dev_tmp 

dev_mtl 
dev_spr dev_prs dev_tim 
(measured before process) 

(measured before process) 
(known by test run) 

Development 
Uniformity 

agi_jntd : spn_spd 
s p n _ m o t _ c t l : spn_spd 
dev_ t im : dev_ t im 
noz_ typ : _ 

Rinse r i n _ m t l 
r i n _c 11 

r i n _ m t 1 
r i n _ s p r r i n _ p r s r i n _ t i m 
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Figure 5.5 Spin-bowl and exhaust systen in TI Coater 
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Figure 5.8 Single feature of the TI Developer 
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1. Coater 

a. Analog control parameters: 

pmt_tim, nit_tim, pho_tim, spn_tim, spn_spd, spn_acc 

b. Digital control parameters (with ON/OFF states): 

pmt_spr, nit_ctl, pho_spr, trk_air_ctl, chk_vac_ctl, 

suk_bak, egb_cln, slv_pug_ctl 

c. Preset parameters adjusted by a manual valve in the 
machine: 

pmt_prs, nit_prs, pho_prs, slv_pug_prs 

d. Preset parameters determined by fab facility: 

bow_vac_prs 

e. Preformed parameters: 

pmt_mtl, nit_mtl, pho_mtl, bar_pos, jho_dst, noz_pos, 
vac_dst, spn_bow, spn_chk, chk_til, chk_tmp, waf_sur, 
mov_pat 

2. Developer 

a. Analog control parameters: 

dev_tim, rin_tim, nit_tim, spn_spd 

b. Digital control parameters (with ON/OFF states): 

dev_spr, rin_spr, nit_ctl 

c. Preset parameters adjusted by a manual valve in the 
machine: 

dev_prs, rin_prs, nit_prs 

d. preformed parameters: 

dev_mtl, rin_mtl, nit_mtl, pho_thk, pho_eng, dev_tmp, 
noz_typ 

Figure 5.9 Summary of the process parameters and 
related conditions in the TI spinners 



CHAPTER VI 

PC BASED CONTROL AND MONITORING 

In this chapter, an implementation using an IBM PC-XT 

personal computer to control and monitor the TI Coater and 

Developer will be introduced. The circuitry includes a 

prototype card, an I/O control card, a motor control card, a 

motor drive card, and a sensor board. As shown in the block 

diagram of Figure 6.1, this hierarchy combination has the 

benefit of being easy to test and improve. 

6. 1 Prototvpe Card 

The prototype card consists of digital buffering and 

decoding chips and can be connected to any expansion slot in 

the PC. The schematic diagram of the prototype card is 

shown in Figure 6.2. The PC signals are shown at the left 

hand side of the circuit. Two byte-wide line drivers, Zl 

and Z2, whose enable pins (pinl,pinl9) are tied to ground 

allows the PC signals to pass straight through. The bi

directional 8 bit data bus transceivers, Z3, Z4, and Z5, 

permit data to flow only by the triggering signal from 

the decoding circuitry. 

The decoding circuitry consists of NAND gate (Z8). AND 

gate (Z9), and comparator (Z6) which can enable the 74LS245 

and 74LS138 in the range of addresses between Hex 300 and 

72 
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31F. Z7, a 3 to 8 decoder, allows four consecutive addres

ses with each output select line. Currently, for the Coa

ter, the control sequence is assigned by the data in addres

ses Hex 300 to 303. To activate the Coater, an active low 

pulse will occur on "select 0" (pin 15) of the Z7 and enable 

the I/O control card in the Coater. Similarly, the Develo

per is assigned addresses Hex 304 to 307. When control is 

applied to the Developer, the active low pulse will appear 

on "select 1" (pinl4) of the Z7 and enable the I/O control 

card in the Developer. 

e.J2 I/O Control Card 

Each TI spinner has an I/O control card in a cardcage 

on the machine. The function of the I/O control card is to 

interpret the signal from PC. First, the I/O control card 

has to receive the enable, or select signal, from the proto

type card. Once the I/O control card is enabled, the data 

signal can be either sent to control motors and solenoids or 

read back from the sensors. The circuit schematic diagram 

of the I/O control card module is shown in Figure 6.3. 

The 8255, a programmable peripheral interface chip with 

24 I/O pin, is the primary element on the I/O control card. 

The I/O pairs are divides into three groups named port A, B, 

and C with 8 bits each, but may be programmed into two 12 

different configurations (see in Appendix B) and used in 3 

major modes of operation. Currently, only one configuration 
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is used here. Port A is defined as an output port which 

sends the control signals to the motor control card. Port B 

is an output port which controls the solenoids. Port C is 

an input port which reads data from the sensors. 

Q-^ Motor Control Card 

Basically, the motor control card can be divided into 

data latch circuitry, digital-to-analog (D-to-A) converters, 

feedback loop circuitry, monitoring circuitry, and shut-down 

circuitry. Figure 6.4 is the detail motor control card 

circuit schematic diagram and a block diagram is shown in 

Figure 6.5. 

As shown in the figures, the input signals first come 

to the data latch. Through the function of a data driver 

(Z5), two 8 bit addressable latches (Z6,Z7), and two 74LS04, 

digital inverters, the data latch circuitry provides 8 bits 

of speed data, 4 bits of acceleration data, two lift motor 

control signals, and a software-controlled motor shut-down 

signal (RMTR). 

Two D-to-A converters (Z1,Z2) and two Op Amps (Z10,Z14) 

convert the digital data to the analog voltages that are 

used in the feedback loop circuitry to drive the spin motor. 

The 8 bits of speed data allow 256 different choices for the 

speed. The 4 bits of acceleration data provide 16 varia

tions of acceleration. 
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The feedback loop consists of five operational ampli

fiers (ZIO, Z11,Z12,Z13,Z16), an analog comparators (Z17), 

and a pulse width modulator (Z20). The tachometer provides 

velocity feedback (TACH NEG). The feedback loop develops 

the difference between the speed setting voltage with the 

speed feedback voltage as an "error" signal. If the voltage 

of the "error" signal is more positive than an tolerance 

level (.45V), the feedback loop circuitry will speed up the 

motor. Otherwise, the motor speed will be maintained or 

reduced if the actual speed is faster than the setting 

speed. 

The combination of ZIO, Z12, Z13 biases the "error" 

signal to be the "F.B." signal. The "F.B." signal is a 

large voltage when the related "error" voltage is greater 

than .45V to enhance the speed up of the spin motor. 

The main purpose of the pulse width modulator (SG3524) 

is to generate a fixed frequency sawtooth waveform. The 

frequency of the sawtooth waveform in this circuit is about 

5 kilohertz which makes a period of 200 microseconds (196, 

actually). The spin motor is then controlled by varying the 

pulse width of this fixed frequency input signal. The width 

of the pulse represents the power required to rotate the 

motor at the desired speed. Therefore, the acceleration 

rate is determined by the pulse width given between the 

beginning speed and the end speed. An "accel. comp.' vol

tage is in proportion to the speed feedback voltage by a 
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factor of .8 which as its name applied is used to compensate 

the acceleration effect of the spin motor. Normally, when 

the spin motor starts moving, the "accel. comp." voltage is 

zero. The acceleration effect is simply decided by compa

ring the acceleration setting voltage to the biased sawtooth 

waveform. When the spin motor speeds up, the "accel. comp." 

voltage also increases to add more bias to the sawtooth 

waveform at Z16, which gradually nullifies the original 

acceleration setting but still increases the pulse width of 

motor input signal. This increased width is only a small 

portion when the original acceleration setting is still 

applied, but it becomes importance when the actual spin 

speed is close to the setting speed and continues keeping 

the motor running with reasonable acceleration. Once the 

desired speed is achieved, the amplitude of pulse width as 

well as the acceleration vanishes. 

The pulse width signal which drives the motor is final

ly shown at pinl2 of SG3524 as the "RUN" signal. The "RUN" 

signal is in standard TTL voltage level. 

The monitoring circuit is designed to monitor whether 

the "error" signal is within ±. .45V variance of the set 

speed. When the "error" signal is out of the range of ± 

0.45V, a warning signal is sent to the output (pin 14). The 

warning signal can be read out from either the "INT" signal 

at pin 8 of Port 6 or the "BITIN" signal at pin 9 of Port 6. 
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The shutdown circuit functions by grounding the input 

signal of SG3524 (pin9) to block any control signal to the 

spin motor. The shutdown signals are given in three ways: 

1. An "RMTR" signal is sent from the Z7 latch by soft

ware control. When the "RMTR" is activated, the "BREAK" 

signal also works to cut out the motor power and stop the 

spin motor immediately. 

2. A "STOP" signal is sent directly to the motor 

control card, which can be connected to an independent 

switch outside the TI spinner as a direct interrupt to stop 

the spin motor. 

3. An automatic shutdown occurs when the "TACH NEG" 

signal shows a positive value. 

Table 6.1 shows the input signal requirement to acti

vate the desired function from motor control card. 

6.4 Motor Drive Card 

As shown in Figure 6.6, the motor drive card consists 

of two circuits, one to drive the spin motor and one to 

drive the lift motor. The first one, which is for driving 

the spin motor, receives the input signal (RUN) from the 

motor control card that has different pulse widths with a 

pulse amplitude 3.5 to 0 volts. When the signal is at OV, 

the switch transistors QI, Q3, Q4, and Q5 are all activated 

to turn on the spin motor. On the other hand, when the 

signal is at 3.5V, all of QI, Q3, Q4, and Q5 are turned off 
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to disconnect the power of the motor. A "break" signal can 

stop the motor instantly by providing a shot across the 

motor. When the "break" signal is at OV, Q6, Q7, and Q2 

are turned on providing a path from the 50V supply to 

ground, bypass the motor. The "break" signal cannot be 

activated for more than about a hundredth of a second; 

otherwise, excess heat will build up in the transistors and 

damage the circuit. 

The second circuit allows bi-directional control of the 

lift motor. The load current is supplied by two current 

paths Q8-lift motor-Qll and Q9-lift motor-QlO. Four diodes 

provide the fly wheel path protection for Q8, Q9, QIO, and 

Qll. The circuit logic prevents the simultaneous conduction 

of transistors in one bridge arm, which would cause a short 

circuit across the main power supply. Two input signals are 

named the CWDIR, which controls the direction of the rota

tion of the lift motor, and the RLIFT, which controls the 

action of the lift motor. 

6.5 Sensor Description 

Sensors are chosen to monitor the condition of the 

machine and the process. In each TI spinner, the available 

sensors are the timing disc sensors, the "chuck home" sen

sor, the "chuck vacuum check" sensor, and the locator bar 

sensor. The sensors' circuit schematic diagrams are shown 

in Figure 6.7 and are described in the following summary: 
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1. The timing disc sensors are three optical sensors 

used to detect the presence of slots in the timing disc to 

help the lift assembly move to the desired vertical posi

tion. Using a 74LS244 as the buffer, the states of the 

sensors are indicated on three LEDs, which also show as TTL 

signals at the output. Figure 6.8 shows the chuck at four 

vertical levels and the corresponding position of the timing 

disc. Table 6.2 lists the responses of the timing disc 

sensors in each vertical level. 

2. The "chuck home" sensor is inside the air sleeve 

which is an optical sensor, that detects a hole in the 

pedestal of the chuck. 

3. The "chuck vacuum check" sensor is a mechanical 

sensor to detect the wafer fixed condition. If the wafer 

is fixed tightly in place, the negative pressure of vacuum 

is able to pull a plunger inside the sensor box and break 

contact with one end of metal, which puts the sensor in an 

open-circuit state. On the other hand, if the wafer is 

broken or not fixed, the vacuum pressure is nullified and 

releases the plunger, the sensor shows a short-circuit 

state. 

4. The locator bar sensor is driven by the sensor board 

to "feel" the presence of the wafer when the wa^er is cen

tered. The specific sensor board has six identical sensor 

circuits. As shown in Figure 6.8, each sensor circuit 

consists of a balanced bridge that looks at two square wave 
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inputs of opposite polarity. The reference capacitor cir

cuit set at 2.7pf is compared to the capacitance of the 

sensor button at the end of a coaxial cable. The sensor 

button is manufactured to be very close to 2.7pf. The 

environment of the sensor affects its capacitance also. 

Therefore, a potentiometer, R7, is placed in the branch of 

the reference capacitor to place the bridge at a balanced 

potential. If a wafer touches the sensor, the bridge will 

send a series of pulses to a chopper stabilized amplifier 

and activate an output transistor. 

All the output wires of the sensors are connected to 

the card-edge of the sensor board. By using a ribbon cable, 

all sensor signals are sent to the I/O control card. A 

74LS244 and pull-up resistors are added to the sensors to 

provide the TTL output levels so that the data can be read 

back by the I/O control card. 
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Table 6.1 Input signal requirement to activate the desired 
function in motor control card 

Function P6^ P6g P65 P64 P63 P62 P6^ P6Q 

5. 

Lift motor 
clockwise rotation 
(Set P7^=1,P7Q=0) 

Lift motor 
CCW rotation 
(Set P74=1,P7Q=1) 

Lift motor stop 
(Set P7^=0,P7g=0) 

(Set P7^=0,P7g=l) 

Spin motor 
speed setting 
=D Dg D.DQ 
(Speed=0 motor stop) 

Spin motor 
speed latched or 

Spin motor 
acceleration rate 
setting 
=D3D2D^Do 

Spin motor acce
leration latched or 

or 

0 
1 

1 
1 

0 
0 

1 
0 

Do 
Dl 
D2 
D3 
D4 
D5 
D6 
D7 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
1 
1 
0 
0 
1 
1 

1 
0 

1 
0 

1 
0 

1 
0 

0 
1 
0 
1 
0 
1 
0 
1 

DO 
Dl 
D2 
D3 

0 
0 
0 
0 

0 
0 
0 
0 

1 
1 
1 
1 

0 
0 
0 
0 

0 
0 
1 
1 

0 
1 
0 
1 

0 

8. Spin motor reset 0 

9. BITIN condition read 
a. check STOP signal -
b. check ERROR signal -

0 
0 

0 
0 

0 
0 

0 
0 

1 
0 

10. Spin motor break 
(Set P73=0) 

0 0 
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Table 6.2 Combination of the lift motor control signal and 
related motions 

Function RLIFT CWDIR Indicator 

Clockwise Rotation 1 0 Green 
CCW Rotation 1 1 Red 
Stop 0 1 Both 

or 0 0 Both 

Table 6.3 Responses of the timing disc sensor at different 
chuck vertical position 

Chuck 
Position 

Entrance 
Exit 
Upper Processing 
Lower Processing 

Timing 
Outer 

On 
On 
Off 
Off 

Disc Sensors 
Center 

Off 
On 
On 
Off 

Inner 

Off 
On 
Off 
On 
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CHAPTER VII 

PROCESS CONTROL 

In Chapters III and IV, the process parameters of 

photoresist spin coating and development have been examined 

and summarized in the process models. In Chapter V, the 

function of two TI spinners, the Coater and the Developer, 

are examined and compared with the process models to identi

fy the parameters in the spinners, which can achieve the 

Chttpitt* VI p*ftHttntH th© PC bttaed Dontfol ayHtfe'm £ai> th-y TI 

spinners. In this chapter, process control ia applied to 

the spinners through the development of process recipes and 

the software necessary to run the PC. 

7. 1 General 

The computer programs to control the Coater and the 

Developer basically follow the sequences shown in the flow 

charts of Figure 7.1 and Figure 7.2. First, the programs 

initialize the machine which include defining the I/O chan

nels in the I/O control card, reseting every actuator to an 

off state, and moving the chuck to the entrance level and 

the home position. Before the process routine starts, the 

program checks the interrupt condition from keyboard. If an 

interrupt has occurred, the program waits for the user to 

91 
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respond. The new control parameter values are entered be

fore the process is run. These values can then be modified, 

if desired, before each run. The variables currently used 

for the Coater and the Developer are listed in Figure 7.3 

and Figure 7.4 respectively. The process variables are next 

recorded to an external file, which can be kept open to 

receive more data during the process and for monitoring and 

later analysis. 

The solenoids are used to control ON/OFF type parame

ters. Table 7.1 and Table 7.2 show the state of the sole

noids (with "SO" and numbers), the motors ( S p i n motor and 

'L'ift motor), and the sensors (CHUck vacuum check sensor, 

TIMing disc sensors, LOCATOR bar sensor, and CHucK HOMe 

sensor) during the process. The solenoids for the Coater 

are defined in Figure 7.5 and their interrelationship is 

shown in Figure 7.6. Figure 7.7 shows the interrelationship 

for the solenoids in the Developer and their related defini

tions are in Figure 7.8. 

7.2 Spin Coating Process Control 

In the Coater, SO-4 and SO-9 are first turned on (step 

la) to move in and center the wafer. The locator bar sensor 

determines when the wafer is centered. Then, SO-7 is turned 

on to fix the wafer in position (step lb). SO-7 will be 

kept on until the wafer is ready to be sent off the chuck. 

The chuck vacuum check sensor determines if the wafer is 
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fixed (step 2). Next, the wafer is moved to the upper 

processing level by activating the lift motor (step 3a). 

When the wafer is moving vertically, the computer reads the 

position data back from the timing disc sensors and deter

mines when to stop the lift motor (step 3b). 

As described in previous chapters, the Coater first 

sprays the HMDS and then dries the wafer in the upper pro

cessing level. SO-2 is turned on to spray the HMDS. SO-8 

is also turned on to drain the excess liquid in the spin-

bowl (step 4). This drain will be kept open until the wafer 

is ready to be sent off the chuck. After the desired pro

cessing time (adh_tim) passes, SO-1 is turned on to dry the 

wafer for a fixed period (dry_tim) (step 5). The wafer spin 

speed is the same for both the HMDS spray and the dry cycle. 

Before photoresist coating, the lift motor moves the wafer 

to the lower processing level (step 6). To begin the pho

toresist coating, the wafer is rotated at a low speed 

(pho_spnl) or held still if pho_spnl is zero. The photo

resist is dispensed by turning on SO-6 (step 7a) for a 

period of time (pho_timl), and the spin motor is accelerated 

(spn_acc) until reaching the final speed (pho_spn2). 

The acceleration control is used when the motor goes 

from a low spin speed to a high spin speed. The computer 

measures the length of time from the initial speed to the 

final set speed by monitoring an output signal from the 

motor control card. When the motor speed is measuring, the 
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set speed is larger than the current speed and a high signal 

is read back from the monitoring circuit in the motor con

trol card (pinl2 of Z18). After a period of time, the 

actual speed reaches the set speed and the monitoring cir

cuit goes low. Dividing the length of time between the two 

signals into the difference of the two speeds give the 

average acceleration. 

To clean the edge bead, SO-3 and SO-10 are turned on 

when the SO-6 is turned on and stopped when the spin motor 

is turned off to finish the photoresist coating step (step 

7). After the photoresist coating step, the wafer is moved 

to the exit level (step 8). The spin motor slowly rotates 

the wafer until the chuck home sensor detects the desired 

output direction for the wafer (step 9a). Then, SO-4 and 

SO-9 are turned on to push wafer off the chuck and the other 

solenoids are turned off to release the wafer (step 9b). 

Finally, the chuck is sent back to the entrance level to 

wait for the next process cycle (step 10). 

7.3 Development Process Control 

In the Developer, SO-5 and SO-9 are first turned on to 

move in and center the wafer (step la). The locator bar 

sensor determines when the wafer is centered. Then, SO-8 is 

turned on to fix the wafer in position (step lb). SO-8 will 

be kept on until the wafer is ready to be sent off the 

chuck. The Developer follows the same steps as the Coater. 
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the chuck vacuum check sensor check the wafer (step 2) and 

then the wafer is moved to the upper processing level (step 

3). 

The processes in the Developer are all carried out at 

the upper processing level. The spin motor is turned on in 

a fixed speed (step 4a) and remains on until all the pro

cesses are finished. For the developing step, SO-1 and SO-4 

are turned on to spray the developer liquid (step 4b). SO-6 

(to clean the air sleeve) and SO-7 (to drain the excess 

liquids) are also turned on and remain on until the wafer is 

ready to be sent off the chuck. After a length of the 

(dev_tim), SO-2 and SO-3 are tuned on (step 5) along with 

SO-1 and SO-4 to spray the rinse liquid and stop the deve

loping. The rinse lasts for a designed time period (rin_ 

tim). SO-1, SO-2, and SO-3 are then turned off while SO-4 

is left on to provide nitrogen drying for the wafer (step 

6). 

After developing is completed, the wafer is moved to 

the exit level (step 7) and properly aligned (step 8a). 

Then, SO-5 and SO-9 are turned on to push the wafer off the 

chuck and the other solenoids are turned off to released the 

wafer (step 8b). Finally, the chuck is sent back to the 

entrance level and to wait for the next process cycle (step 

9). 
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Z^ Time Delav Funntinn 

In the program, two kinds of time delay are used. The 

first one is called a "dummy time delay." This delay is to 

allow time for the mechanical motion of the actuators to be 

completed. The dummy time delay is developed by simply 

counting dummy loops in the program. The second type of 

time delay is called "processing time delay." This is 

accomplished by polling the time from the clock inside the 

PC so that the time required for each process can be accura

tely controlled. A copy of the control program written in 

"C" language is included in the Appendix. 

7.5 Spin Speed 

The spin motor plays a major role in the spin coating 

and development processes. To verify the accuracy of spin 

speed, the following steps were taken: 

(1) The relationship between the output voltage of the 

tachometer and rotational speed of the tachometer (which is 

equivalent to the spin speed) was determined. 

(2) The relationship between the output voltage of D-

to-A convert (pinll of Z2 on the motor control board) and 

the output voltage of the tachometer was measured. 

(3) From (1) and (2) the relationship between the 

output voltage of D-to-A and the spin speed is determined. 

For the first relationship, the output of tachometer is 

connected to a voltmeter while the input of the spin motor 
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is connected to an adjustable DC power supply. A frequency 

counter, measures the output from the chuck home sensor, 

which provides a pulse for each rotation of the chuck. The 

tachometer output voltage is plotted versus spin speed in 

Figure 7.9. The ratio of tachometer output voltage to the 

spin speed is about 2.5V per 1000 rpm. 

The second relationship was determined by programming 

different digital data to the D-to-A converter and measuring 

the D-to-A output voltage (pin 11 of Z2 in Figure 6.4) and 

the tachometer output voltage. The result of this measure

ment along with the final relationship between the D-to-A 

input and the spin speed is shown in Table 7.3. 
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Table 7.1 Working sequence of solenoids, motors, and 
sensors in TI Coater 

1 PROCEDURE 

IWAIT FOR 
IWAFERMa^ 
!FIX 
IWAFERCIh^ 
1 CHECK 
!FIXKD (2^ 
1 CHUCK 
!DOWN (3^^ 
lAT UPPER 
ILEVELCSb^ 
ISPIN 
ISTARTMa^ 
I HMDS 
ISPRAYMb^ 
IDRY 
1 C5a^ 
IDRY (5b) 
IFINISH 
I CHUCK 
IDOWN rfia') 
lAT LOWER 
!LEVELC6b^ 
!SPRAY(7a) 
{RESIST 
ISTOP 
jSPRAY(7b^ 
ISTOP 
ISPIN C7c> 
1 CHUCK 
{UP (8e) 
lAT EXIT 
! LEVELS'8b ̂  
!ALIGN 
! C9a) 
1WAFER(9b) 
!RELEASE 
!CHUCK 
!IIP ClOa) 
!ENTRANCE 
!LEVELS 10b' 

SO 
1! 

0 

X 

) ! 

SO 
2 

0 

X 

SO 
3& 
10 

0 

' 0 

1 X 

SO 
4 

&9 

0 

X 

0 

X 

so 
5 

0 

0 

0 

0 

X 

so 
6 

o' 

X 

, SO 
7 

0 

0 

0 

0 

0 

o' 
0 

o' 

o' 
o' 
0 

0 

0 

0 

0 

0 

X 

ISO 
8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

IS. 
MO 

0 

o' 

o' 
X 

o' 
0 

X 

0 
X 

IL. 
,M0 

0 

X 

0! 

xi 

0 

X 

0 

X 

I CHU 
'VAC 

* 

ITIM 
DIS 

* 

* ! 

* 

* 

ILOC-
, ATOR 

* 

ICHKI 
IHOMI 

* 1 

0 
X 
* 

TURN ON 
TURN OFF 
SCAN SENSOR 
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Table 7.2 Working sequence of solenoids, motors, and 
sensors in TI Developer 

{PROCEDURE 

{WAIT FOR 
IWAFER(la) 
IFIX 
IWAFERrih^ 
[CHECK 
!FIXED (2^ 
[CHUCK 
IDOWN ^3a^ 
[AT UPPER 
I LEVEL(3b) 
ISPIN 
ISTARTr4a^ 
[DEVELOP-
IING M b ^ 
[RINSE 

[DRY 
1 (8e^ 
ISTOP (6b) 
I PROCESS 
[CHUCK 
lUP C7a> 
[AT EXIT 
1 LEVELS 7b^ 
[ALIGN 
1 rSa^ 
lWAFER(8b) 
1 RELEASE 
[CHUCK [ 
lUP (Qe) 
[ENTRANCE [ 
ILEVELOb) 

ISO 
1 

1 0 

0 

' X 

'SO 
2 

0 

X 

ISO 
3 

0 

X 

ISO 
4 

0 

0 

0 

X 

ISO 
I 5 

I 0 

! X 

o' 

X' 

ISO 
6 

0 

0 

0 

0 

0 

0 

o' 
x' 

ISO 
7 

0 

0 

n 

0 

0 

o' 

o' 
x' 

[SO 
8 

[0 

10 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

IS. 
MO 

0 

0 

0 

0 

X 

0[ 
X 

IL. 
MO 

0 

X 

01 

XI 

0! 

X! 

[CHU 
VAC 

* 

ITIM 
DIS 

* 

* 

* 

[LOC-
[ATOR 

* 

[CHK[ 
[HOMI 

* : 

0 
X 

TURN ON 
TURN OFF 
SCAN SENSOR 
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Table 7.3 D-to-A converter 
output voltage 

DIGITAL INPUT DATA 

pin number of Z2 
1 6 5 4 3 2 1 IR 
LSB 
1 1 

0 
1 
1 
1 
1 
1 
1 
1 

1 
0 
1 
1 
1 
1 
1 
1 

0 0 

1 
1 
0 
1 
1 
1 
1 
1 
0 

1 
1 
1 
0 
1 
1 
1 
1 
0 

1 
1 
1 
1 
0 
1 
1 
1 
0 

1 
1 
1 
1 
1 
0 
1 
1 
0 

0 
1 
0 

MSB 
1 

1 
1 
1 
1 
1 
1 
1 
0 
0 

output vo^ 

D-to-A 

output (V) 

0.0 

0.05 
0.10 
0.20 
0.39 
0.77 
1.53 
3.06 
6.09 
12.16 

.tage versus 

TACH. 

output (V) 

0.0 

0.06 
0.125 
0.249 
0.487 
0.963 
1.923 
3.83 
7.61 
15.19 

tachometer 

SPIN 
SPEED 
(rpm) 

0 

25 
50 
100 
195 
385 
765 
1530 
3045 
6080 
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Figure 7.1 Spin coating process flow chart 
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1. Spin speed for HMDS spray and dry 
2. HMDS spraying time 
3. Time to dry 
4. Initial speed for photoresist dispensing 
5. Acceleration rate 
6. Final speed for coating 
7. Photoresist dispensing time 
8. Coating spin time 

Figure 7.3 Variables needed for the Coater program 

l.The Spin Speed 
2.The Developing Time 
3.The Rinse Time 
4.The Time for Dry 

Figure 7.4 Variables needed for the Developer program 
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Solenoid i^ usage 

SO-1 
SO-2 
SO-3 
SO-4 
SO-5 
SO-6 
SO-7 
SO-8 
SO-9 
SO-10 

nitrogen dry control 
HMDS liquid control and HMDS suckback 
edge bead clean 
chuck compressed air control 
air sleeve purge compressed air control 
photoresist pneumatic valve control 
chuck vacuum control 
exhaust system pneumatic valve control 
air track compressed air control 
photoresist suckback 

Figure 7.5 Description of solenoids in the TI Coater 
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Figure 7.6 Solenoid position in TI Coater 
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Figure 7.7 Solenoid position in TI Developer 



107 

Solenoid 4* usage 

SO-1 
SO-2 
SO-3 
SO-4 
SO-5 
SO-6 
SO-7 
SO-8 
SO-9 

SO-1 to SO-4 see Table 5.2 

chuck compressed air control 
air sleeve purge compressed air control 
exhaust system pneumatic valve control 
chuck vacuum control 
air track compressed air control 

Figure 7.8 Description of solenoid in the TI Developer 
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Figure 7.9 Tachometer output voltage versus spin 
speed 



CHAPTER VIII 

CONCLUSION 

The entire photolithography section needs to be pre

cisely controlled and monitored. This is the first part of 

a major project to integrate the entire photolithography 

section. 

The work in this thesis has verified that using a PC 

based control system can provide control and monitoring of 

the spin coating and development processes (Figure 8.1). 

The computer program developed has included all the 

necessary control parameters and can practically run the 

spin coating and development processes. 

More monitoring can be added to the current system to 

monitor every parameter in detail. Currently, there is no 

reason to do this. When the entire photolithography system 

is tied together, additional monitoring and control may be 

needed. 
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no 

Figure 8. 1 PC based control of the TI Coater and the 
TI Developer 
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* * 

* TI COATER CONTROL PROGRAM * 

* This program was written in C * 
* by Yih-Herng Pan * 
^ ^ ^ ^ ^ ^ ̂ ^ ^U ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^U ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ̂ ^ ^^ ^ ^ ^ ^ ^U ^ ^ ^ ^ ^^ <^ s^ ^^ <^ ^^ ^ ^ %^ ^^ ̂ ^ ^^ ^ ^ ^^ ^^ ^ ^ y^ ^ ^ ̂ ^ ^U ^ ^ S^ ^U ^ ^ ̂ ^ ̂ ^ ^^ 1^ ^^ '^ ^^ ^O ^^ / 

^^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ '̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ T* ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ O ̂ ^ ̂ ^ "̂ ^ ̂ ^ ̂ ^ '̂ S ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ '̂^ ̂ ^ ̂ ^ ̂ ^ / 

l*include " i n c l u d e \ s t d i o . h" 
•^include " i n c l u d e \ d o s . h" 

Ifdefine PORT_CNTL 0x303 
•^define PORT_A 0x300 
**define PORTJB 0x301 
^de f ine PORT_C 0x302 
•tdefine STA^EXIT 0x00 
4»define STAJINTR 0x18 
i^define STA_UPPE 0x14 
^de f ine STA_XOW OxOc 

s t r u c t TIME { long h r s , m i n s , s e e s , c e n t s ; } p; 
long pt ime; 
long prev_hrs=01, dytime=01; 
int hh,mm,ss; 
long pro_tim, nextime; 
void lag(); 
void lagl(); 
void getime(); 

main() 
( 

char out_name[25] ; 
FILE *out_file, *fopen (); 

int sense_val,change; 
int i; 
long adh_tim=51, dry_tim=151, pho_timl=31, pho_tim2=201; 
unsigned adh_spn=0x40; 
unsigned pho_spnl=0; 
unsigned pho_spn2=0xff; 
unsigned acc=0x6; 
out_name = "first_file.prn" 
out_file = fopen (out_name, "w"); 
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/***** INITIALIZE MACHINE ******^*^***^**^y^*>^t*************/ 

outp(P0RT_CNTL,0x89); /*** initialize 8255 ***/ 
outp(PORT3,OxOO); /*** set solenoid off ***/ 
spin_jnot(0x00,0); /*** set spin motor stop ***/ 
lift_mot(l,l); /*** get the chuck at entrance level ***/ 
sense_val = inp(PORT_C) & 0x01; /*** rotate the chuck to */ 
while(sense_val '=1) /* home position ***/ 

spin_mot(0x06,1); 
spin_jnot(OxOO,0); 
sense_val = inp(PORT_C) & 0x01; 
for (i=0; i<= 9; i++) 
{ 

} 

if (sense_val != 1) sense_val = inp(PORT_C) & 0x01; 

/***** START THE MAIN ROUTINE *****************************/ 
while(l) 
{ 

/*** see any keyboard interruption ***/ 
change = kbhit (); 

if (change != 0) /*** input new recipe ***/ 
{ 

fclose (out_name);/* close previous external file */ 

printf("\nENTER HMDS SPRAY SPIN SPEED (0-ff H) " ) ; 
scanf("%x",&adh_spn); 
printf("\nENTER HMDS SPRAYING TIME (in sec.) " ) ; 
scanf("%ld",&adh_tim); 
printf("\nENTER DRY TIME (in sec.) " ) ; 
scanf("%ld",&dry_tim) ; 
printf("\nENTER FIRST COATING SPEED (0-ff H) " ) ; 
scanf("%x",&pho_spnl); 
printf("\nENTER RESIST DISPENSING TIME (in sec.) " ) ; 
scanf("%ld",&pho_timl); 
printf("\nENTER ACCELERATION RATE (0-f H) '); 
scanf("%x",&acc); 
printf("\nENTER FINAL COATING SPEED (0-ff H)"); 
scanf("%x',&pho_spn2); 
printf("\nENTER SPIN COATING TIME (in sec.)"); 
scanf("%ld",&pho_tim2); 
printf("\nENTER NAME OF OUTPUT FILE : " ) ; 
scanf("%25s", out_name); 
out_file = fopen (out_name, "w"); 
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/*** record the variables to external file ***/ 
fprintf(out_file, "\nadh_spn : %x adh_tim : %ld ", 

adh_spn, adh_tim); 
fprintf(out_file, "\ndry_tim : %ld ", dry_tim); 
fprintf(out_f ile, "\npho_spnl : %x pho_spn2 : %x " , 

pho_spnl, pho_spn2); 
fprintf(out_file, "\npho_timl : %ld pho_tim2 : %ld", 

pho_timl, pho_tim2); 
fprintf(out_file, "\nacc : %x", ace); 

/*** wait for the wafer sent in ***/ 
outp(P0RT_B,0x08); 
sense_val = inp(PORT_C) & 0x02; 
while (sense_val 1= 0) 
{ 

sense_val = inp(PORT_C) & 0x02; 
} 
wait(200); 

/*** open chuck vaccum and check the wafer fixed ***/ 
outp(P0RT_B,0x40); 
sense_val = inp(PORT_C) & 0x80; 
while (sense_val 1= 0) 
{ 

sense_val = inp(PORT_C) & 0x80; 
} 
wait(200); 

/*** send the wafer to upper processing level ***/ 
lift_mot(2,l); 
wait(500); 

/*** turn on spin motor ***/ 
spin_jnot( adh_spn , 1) ; 
wait(300); 

/*** spray HMDS ***/ 
outp(P0RT3,0xc2); 
lag(adh_tim); 

/*** dry and finish ***/ 
outp(PORT_B,Oxcl); 
lag(dry_tim); 
outp(PORT_B,OxcO); 
spin_mot(OxOO,0); 
wait(500); 

file:///nadh_spn
file:///ndry_tim
file:///npho_spnl
file:///npho_timl
file:///nacc
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/*** send the wafer to lower processing level ***/ 
lift_jnot(3,l); 
wait(500); 
if (pho_spnl 1 = 0 ) 
{ 

/*** turn on spin motor in a initial speed ***/ 
spin_mot(pho_spnl,1); 
wait(500); 

} 
/*** photoresist coating ***/ 
outp(PORT_B,OxeO); 
lag(pho_timl); 
dac_cntl(l,acc); 
getime(&p); 
fprintf (out_file, "\ntime before ace : %ld ", ptime); 
spin_jnot(pho_spn2,1); 
outp(P0RT3,0xd4); 
lagl(pho_tim2); 

/*** finish coating ***/ 
outp(PORT_B,OxdO); 
spin_mot(OxOO,0); 
wait(800); 

/*** send the wafer to exit level ***/ 
lift_mot(4,2); 

/*** adjust the wafer direction and send it out ***/ 
sense_val = inp(PORT_C) & 0x1; 
while (sense_val 1= 1) 
{ 

spin_mot(0x08,1); 
spin_mot(OxOO,0) ; 
sense_val = inp(PORT_C) & 0x1; 
for(i=0; i<=9;i++) 
{ 

if (sense_val 1= 1) sense_val = inp(PORT_C) & 0x1; 
} 

} 
wait(200); 
outp(P0RT_B,0x08); 
wait(3000); 
outp(PORT_B,OxOO); 

/*** send the chuck to entrance level ***/ 
lift_mot(1,2); 

file:///ntime
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/***** SUBROUTINE FOR CONTROLLING LIFT MOTOR ************** 
* 

* 

* 

* 

* 

* 

sel_stop = go to ENTRANCE level 
go to UPPER PROCESSING level 
go to LOWER PROCESSING level 
go to EXIT level 
set motor to spin COUNTERCLOCKWISELY 
set motor to spin CLOCKWISELY 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

lif t_jnot(sel_stop, sel_dir) 

sel_dir 

1 
2 
3 
4 
1 
2 

* 

* 

* 

* 

* 

* 

int sel_stop; 
int sel_dir; 
{ 

unsigned det_val; 
unsigned sense_val; 

switch(sel_stop) 
{ 

case 11 
det_val = STA_:ENTR; 
break; 

case 2: 
det_val = STA_UPPE; 
break; 

case 3: 
det_val = STA_LOW; 
break; 

case 4: 
det_val = STA_;EXIT; 
break; 

} 
switch(sel_dir) 
{ 

O fl S 6 1 • 

out_data(5,1,0,0,1,1) 
out_data(5,1,1,1,1,1) 
out_data(4,1,0,0,1,1) 
out_data(4,1,1,1,1,1) 
break; 

case 2 * 
out_data(4,1,0,0,1,1); 
out_data(4,1,1,1,1,1); 
break; 

} 
sense_val = inp(PORT_C) & Oxlc; 
while(sense_val != det_val) 

sense_val = inp(PORT_C) & Oxlc; 
} 
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} 

/*** stop lift motor ***/ 
out_data(4,1,0,0,0,1); 
out_data(4,1,1,1,0,1); 
out_data(5,1,0,0,0,1); 
out_data(5,1,1,1,0,1); 

/***** SUBROUTINE FOR CONTROLLING SPIN MOTOR ************** 
* on_off = 0 : stop spin motor * 
* 1 : start spin motor * 
* speed = speed data (0-FF) * 
*******************:«(********)«( )K**)«c********)«c****************/ 
spin_jnot( speed , on_of f ) 

int speed; 
int on_off; 

{ 

} 

if (on_off == 0) 
{ 

dac_cntl(0,0); 
out_data(7,1,0,0,0,1); 
out_data(7,1,1,1,1,1); 

} 
else 

dac_cntl(0,speed); 

/******** SUBROUTINE FOR LOADING IN DATA ****************** 
* port_id = 0 : load in spin speed data *-
* 1 : load in acceleration rate data * 
* out_val = desired value * 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ "̂  tl" *• Ij^ %^^ ^ ^ ^ ^ ^ ^^^ ^ A... ^ ^ ^ ^ . 1̂ .. ^ ^ ^ I. y 

dac_cntl(port_id,out_val) 

int port_id; 
unsigned out_val; 

{ 
unsigned chip_cho; 
unsigned data_out; 
int count; 
int bit; 

if (port_id == 0) 
{ 

count = 8; 
chip_cho = 0; 

} 
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else 
{ 

count = 4; 
chip_cho = 1; 

} 

for (bit = 0; bit < count; bit++) 
{ 

data_out = (out_val & (0x1 << bit)) >> bit; 
out_data(bit,chip_cho,0,0,data_out,1); 
out_data(bit,chip_cho,1,l,data_out, 1); 

} 

/***** SUBROUTINE FOR 
* abc_val = desired 
* p6_4 = 0 

p6_5 = 0 
p6_6 = 0 
data_out 
p6_8 = 0 

* 

* 

* 

* 

PROGRAMMING DATA LATCH ************** 
bit number 
Z6, 1 : choose Z7 
Z6 and Z7, 1 : enable 
to read data, 1: N/C 

to read data 
choose 
enable 
enable 
desired data 
clear Z6 and Z7, 1 : latch data 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ K ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^Mz ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ *• t," .1 * ^ ^ ^ ^ ^ ^ ^ ^ ^fc^ ^i., y 

out_data(abc_val,p6_4 ,p6_5,p6_6,data_out,p6_8) 

* 

* 

* 

* 

* 

* 

unsigned abc_val; 
unsigned p6_4 
unsigned p6_5 
unsigned p6_6 
unsigned data_out; 
unsigned p6_8; 

unsigned r_data; 

abc_val = abc_val & 0x7; 
p6_4 = p6_4 & 0x1 
p6_5 = p6_5 & 0x1 
p6_6 = p6_6 & 0x1 
data_out = data_out & 0x1; 
p6_8 = p6_8 & 0x1; 
r_data = (p6_8 << 7) + (data_out << 6) + 
r_data = r_data + (p6_5 << 4) + (p6_4 << 
outp(PORT_A,r_data); 

(p6_6 << 5); 
3) + abc_val 
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/***** SUBROUTINE FOR PROCESSING TIME DELAY *************** 
* pro_tim = desired processing time in second * 
^f ^ ^ ^ ^ ''Ai' ^ ^ *-lr ̂ ^ ^ ^ ^ ^ --tl* ^ ^ -jj* ^ ^ ^ ^ ^ ^ ^ ^ -il' ^ ^ ^ ^ ^ ^ ^ ^ -1 - ^ ^ - II- ^ ^ ^ ^ - ij- >jj ^ ^ ^ ^ .. ij- - ji- -I- ^ ^ ^ ^ -I - ^ ^ - tf. ^ ^ ^ ^ ^ ^ - i^ - II- ^ ^ ^ ^ -^^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^f ^^f > ^ >A^ >A^ / 

^^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ k ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ k ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ "^ ̂ n ̂ p ^- ^r ^h ^^ t 

void lag(pro_tim) 

{ 
getime(&p); 
nextime = ptime + pro_tim * 10; 

while (nextime > ptime) 
{ 
getime(&p); 

} } 

void lagl(pro_tim) 
{ 

int sen; 

getime(&p); 
nextime = ptime + pro_tim * 10; 
out_data(6,1,0,0,1,1); 

while (nextime > ptime) 
{ 
getime(&p); 
sen = inp(PORT_C) & 0x40; 
fprintf (out_file, "\ntime : %ld data : %d ",ptime,sen); 
} 

} 

/***** SUBROUTINE FOR FETCHING TIME FROM COMPUTER *********/ 
void getime (t) 

struct TIME *t; 

{ /*** read system clock and convert to tics ****/ 
union REGS inregs; 
union REGS outregs; 
int ret; 
long dytics=8640001; /* tics per day */ 
long hrtics=360001; /* tics per hour */ 
long mintics=6001; /* tics per min */ 
long sectics=101; /* tics per sec ^/ 
long centics=101; /* cents per tic */ 

file:///ntime
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} 

inregs.h.ah=0x2c; 
ret=intdos(&inregs,&outregs); 
t->hrs=outregs.h.ch; 
t->mins=outregs.h.cl; 
t->secs=outregs.h.dh; 
t->cents=outregs.h.dl; 

/*** ptime = time in tics ***/ 
hh=t->hrs;mm=t->mins;ss=t->secs; 
if(prev_hrs = = 231 && t->hrs ==01) dytime=dytime+dytics; 
ptime=dytime + t->hrs*hrtics + t->mins*mintics 

+ t->secs*sectics + t->cents/centics; 

/***** SUBROUTINE FOR DUMMY TIME DELAY ********************/ 
wait(time_val) 

int time_val; 
{ 

int i,j; 
for(i=0; i<= time_val; i++) 

for (j=l; j<= 100; j++); 
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/
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ill- ^ O ^ ^ ^ ^ ^ ^ -II- ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ -Jj. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ -II- ^ ^ ^ ^ ^ ^ ^ u ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^̂* ̂̂ ^ ̂̂ * ̂ *̂ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂^̂  ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ * ̂^̂  ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂̂ ^ ̂^ ̂^̂  ̂^ ̂^ ̂̂ ^ ̂̂ ^ ̂^̂  ̂̂ ^ ̂^ ̂^ ̂̂ * ̂̂ ^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂̂ * ̂^ ̂^ ̂^ ̂^ ̂̂ ^ ̂^ ̂^ ̂^ 

* * 

* TI DEVELOPER CONTROL PROGRAM * 
* * 
^A^ ^^^ ^^^ ̂ ^^ ̂ ^^ ̂ ^^ ^^^ ^^^ ̂ ^^ ^^^ ^^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ^^ ^^^ ̂ ^^ ^^^ ^^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^/ ^^ ^^^ ̂ ^ ^^^ ^^ ^^^ ̂ A^ ^^^ ^^ ^^ ̂ ^^ ̂ ^^ ^^ ̂ ^^ ̂ ^ ^^ ^^ ^^ ^^ ^^ ^^ ^^^ ^^ ^^ ^^ ^^ ^^ ^f ^^^ 
^ ^ ̂ ^ ^ ^ ^ O ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ̂ ^ ̂ ^ ^ ^ ^ ^ ̂ ^ ^ ^ ^ ^ ̂ ^ ^ ^ ^ ^ ̂ ^ ^ ^ ^ ^ ̂ ^ ^ ^ ̂ ^ ^ ^ ^^ ̂ ^ ^^ ^ ^ ̂ ^ ̂ ^ ^ ^ ̂ ^ ^ ^ ^^ ^^ ^^ ^^ ^^ ^^ ̂ ^ ^^ ^^ ^^ ^^ ^ ^ ^^ ^^ ^ ^ ̂ ^ ^ ^ ^^ 

* This program was w r i t t e n in C * 
* by Yih-Herng Pan * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

iJinclude " i n c l u d e \ s t d i o . h" 
i^include " i n c l u d e \ d o s . h" 

**define PORT_CNTL 0x307 
4*define PORT_J\ 0x304 
^ d e f i n e P0RT3 0x305 
ttdefine PORT_C 0x306 
*»define STA_EXIT 0x00 
^•define STA_J:NTR 0 X 1 8 
^def ine STA_UPPE 0x14 
**define STA_XOW OxOc 

s t r u c t TIME { long h r s , m i n s , s e e s , c e n t s ; } p; 
long pt ime; 
long prev_hrs=01, dytime^Ol; 
int hh,mm,ss; 
long pro_tim, nextime; 
void getime(); 
void lag(); 

main( ) 
{ 
char out_name[25]; 
FILE *out_file, *fopen (); 

int i, sense_val, change; 
long dev_tim=201, rin_tim=201, dry_tim=201; 
unsigned dev_spn=0x80; 

out_jiame = "f irst_f ile .prn" 
out_file = fopen (out_name, "w"); 

/***** INITIALIZE MACHINE ******:-*************************V 

outp(P0RT_CNTL,0x89); /*** initialize 8255 ***/ 
outp(PORT_B,0x00); /*** set solenoid off ***/ 
spin_mot(OxOO,0); /*** set spin motor stop ***/ 
lift_mot(l,1); /*** get the chuck at entrance level ***/ 
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sense_val = inp(PORT_C) & 0x01; /*** rotate the chuck to */ 
while(sense_val i= 1) /* home position ***/ 

spin_mot(0x06,1); 
spin_jmot(OxOO,0); 
sense_val = inp(PORT_C) & 0x01; 
for (i=0; i<= 9; i++) 
{ 

if (sense_val 1= 1) sense_val = inp(PORT_C) & 0x01; 

} 

/***** START THE MAIN ROUTINE *****************************/ 
while(l) 
{ 

change = kbhit (); 

if ( change •= 0 ) 
{ 
/*** input new recipe ***/ 

fclose (out_name);/* close previous external file */ 

printf("\nENTER SPIN SPEED (in Hex) " ) ; 
scanf("%x",&dev_spn); 
printf("\nENTER DEVELOPING TIME (in sec.) ' ) ; 
scanf("%ld",&dev_tim); 
p r i n t f ( " \ n E N T E R RINSE TIME ( i n s e c . ) " ) ; 
s c a n f ( " % l d " , & r i n _ t i m ) ; 
printf("\nENTER DRY TIME (in sec.) " ) ; 
scanf("%ld",&dry_tim); 

printf("\nENTER NAME OF OUTPUT FILE : " ) ; 
scanf("%25s", out_name); 
out_file = fopen (out__name, "w"); 

} 

/*** record the variables to external file ***/ 
fprintf(out_file, "\ndev_spn : %x dev_tim : %ld ", 

dev_spn, dev_tim); 
fprintf (out_f ile, "\ndry_tim : %ld '" , dry_tim); 
fprintf(out_file, "\nrin_tim : %ld ", rin_tim); 

/*** wait for the wafer in ***/ 
outp(PORT_B,OxlO); 
sense_val = inp(PORT_C) & 0x02; 
while (sense_val i= 0) 
{ 

sense_val = inp(PORT_C) & 0x02; 
} 
wait(200); 

file:///ndev_spn
file:///ndry_tim
file:///nrin_tim
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/*** open chuck vaccum and check the wafer fixed ***/ 
outp(P0RT3,0x80); 
sense_val = inp(PORT_C) & 0x80; 
while (sense_val != 0) 
{ 

sense_val = inp(PORT_C) & 0x80; 
} 
wait(200); 

/*** send the wafer to upper processing level ***/ 
lift_mot(2,l); 
wait(500); 

/*** turn on spin motor ***/ 
spin_mot(dev_spn,1); 
wait(500); 

/*** developing ***/ 
outp(P0RTJB,0xe9); 
lag(dev_tim); 

/*** rinse ***/ 
outp(P0RT_3,0xef); 
lag(rin_tim); 

/*** dry ***/ 
outp(P0RT_B,0xe8); 
lag(dry_tim) ; 

/*** process finished ***/ 
outp(PORTJB,OxeO); 
spin_mot(OxOO,0); 
wait(800); 

/*** send the wafer to exit level ***/ 
lift_mot(4,2); 

/*** adjust the wafer direction and send it out ***/ 
sense_val = inp(PORT_C) & 0x1; 
while (sense_val != 1) 
{ 

spin_mot(0x08,1); 
spin_mot(OxOO,0); 
sense_val = inp(PORT_C) & 0x1; 
for(i=0; i<=9;i++) 
{ 

if (sense_val != 1) sense_val = inp(PORT_C) & 0x1; 
} 

} 
wait(200); 
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outp(P0RTJB,0x70); 
wait(3000); 
outp(PORT_B,OxOO); 

/*** send the chuck to entrance level ***/ 
lift_mot(l,2); 

} 

/***** SUBROUTINE FOR CONTROLLING LIFT MOTOR ************** 
* 

* 

* 

* 

* 

* 

sel_stop = 

sel_dir 

1 
2 
3 
4 
1 
2 

* 

* 

* 

* 

* 

* 

go to ENTRANCE level 
go to UPPER PROCESSING level 
go to LOWER PROCESSING level 
go to EXIT level 
set motor to spin COUNTERCLOCKWISELY 
set motor to spin CLOCKWISELY 

**************)(c**************:K*:tc*****************4c********/ 

lif t_jnot(sel_stop,sel_dir) 

int sel_stop; 
int sel_dir; 
{ 

unsigned det_val; 
unsigned sense_val; 

switch(sel_stop) 
{ 

case 1: 
det_val 
break; 

case 2: 
det_val 
break; 

case 3: 
det_val 
break; 

case 4: 
det_val 
break; 

} 
switch(sel_dir) 
{ 

STA_ENTR; 

STA.UPPE; 

STA_LOW; 

STA^EXIT; 

case 1 
out_data(5,1,0,0,1,1); 
out_data(5,1,1,1, 1, 1) ; 
out_data(4,1,0,0, 1,1); 
out_data(4,l,1, 1, 1, 1); 
break; 
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case 2 

} 

out_data(4,1,0,0,1,1); 
out_data(4,1,1,1,1,1); 
break; 

} 

sense_val = inp(PORT_C) & Oxlc; 
while(sense_val != det_val) 
{ 

sense_val = inp(PORT_C) & Oxlc; 
} 

/*** stop lift motor ***/ 
out_data(4,1,0,0,0,1) 
out_data(4,1,1,1,0,1) 
out_data(5,1,0,0,0,1) 
out_data(5,1,1,1,0,1) 

/***** SUBROUTINE FOR CONTROLLING SPIN MOTOR ************** 
* on_off = 0 : stop spin motor * 
* 1 : start spin motor * 
* speed = speed data (0-FF) * 

spin_mot(speed,on_off) 

int speed; 
int on_off; 

{ 
if (on_off " 0) 
{ 

dac_cntl(0,0); 
out_data(7,1,0,0,0,1); 
out_data(7,l,1,1,1,1); 

} 
else 

dac_cntl(0,speed); 
} 

/******** SUBROUTINE FOR LOADING IN DATA ****************** 
* port_id = 0 : load in spin speed data * 
* 1 : load in acceleration rate data *̂  
* out_val = desired value * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

dac_cntl(port_id,out_val) 

int port_id; 
unsigned out_val; 
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unsigned chip_cho; 
unsigned data_out; 
int count; 
int bit; 

if (port_id == 0) 

count = 8; 
chip_cho = 0; 

else 

count = 4; 
chip_cho = 1; 

for (bit = 0; bit < count; bit++) 

data_out = (out_val & (0x1 << bit)) >> bit; 
out_data(bit,chip_cho,0,O,data_out, 1); 
out_data(bit,chip_cho,1,l,data_out,1); 

} 

/***** SUBROUTINE FOR 
* abc_val = desired 

p6_4 = 0 
p6_5 = 0 
p6_6 = 0 
data_out 
p6_8 = 0 

* 

* 

* 

* 

* 

PROGRAMMING DATA LATCH 
bit number 
Z6, 1 : choose Z7 
Z6 and Z7, 1 : enable to 
to read data, 1: N/C 

read data 

* 

choose 
enable 
enable 
desired data 
clear Z6 and Z7, 1 : latch data 

^̂  ̂^̂  ̂ /̂ ̂ /̂ ̂^̂  ̂^̂  ̂^ ̂^̂  ̂^̂  ̂ /̂ ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂ /̂ ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂^̂  ̂̂ ^ ̂^̂  ̂^̂  ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^̂  ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ ̂^ / 
^^% ̂ ^% ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^* ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^ ^^^ ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^k ̂ ^^ ̂ ^k ̂ ^* ̂ ^^ ̂ ^^ ̂ ^^ ̂ ^ ^ ^ ^^ ̂ ^^ ̂ ^^ ̂ ^* ̂ ^ ^^* ̂ ^ ^^^ ̂ ^ ^ ^ ^^ ^^ ^^ ^^ ̂ ^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^ 

out_data(abc_val,p6_4 ,p6_5 ,p6_6 ,data_out,p6_8) 

* 

* 

* 

* 

* 

unsigned abc_val; 
unsigned p6_4; 
unsigned p6_5; 
unsigned p6_6; 
unsigned data_out; 
unsigned p6_8; 

unsigned r_data; 

abc_val = abc_val & 
p6_4 - p6_4 & 0x1 
p6_5 - p6_5 & 0x1 
p6_6 = p6_6 & 0x1 

0x7 
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data_out = data_out & 0x1; 
p6_8 = p6_8 & 0x1; 
r_data = (p6_8 << 7) + (data_out << 6) + (p6_6 << 5); 
r_data = r_data + (p6_5 << 4) + (p6_4 << 3) + abc_val; 
outp(PORT^,r_data); 

/***** SUBROUTINE FOR PROCESSING TIME DELAY *************** 
* pro_tim = desired processing time in second * 
^̂ ^ ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ Â  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ /̂ ̂ ^̂  ̂ ^̂  ̂ /̂ ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^ ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^ ̂ ^̂  ̂ ^̂  ̂ ^ ̂ ^̂  ̂ ^̂  ̂ ^̂  ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^̂  ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ y ^^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ n ̂ n / 

void lag(pro_tim) 

{ 
getime(&p); 
nextime = ptime + pro_tim * 10; 
while (nextime > ptime) 
{ 
getime(&p); 

} 
} 

/***** SUBROUTINE FOR FETCHING TIME FROM COMPUTER *********/ 
void getime (t) 

struct TIME *t; 

{ /*** read system clock and convert to tics ****/ 
union REGS inregs; 
union REGS outregs; 
int ret; 
long dytics=8640001; /* tics per day */ 
long hrtics=360001; /* tics per hour */ 
long mintics=6001; /* tics per min */ 
long sectics=101; /* tics per sec */ 
long centics=101; /* cents per tic */ 

inregs.h.ah=0x2c; 
ret=intdos(&inregs,&outregs); 
t->hrs=outregs.h.ch; 
t->mins=outregs.h.cl; 
t->secs=outregs.h.dh; 
t->cents=outregs.h.dl; 
/*** ptime = time in tics ***/ 
hh=t->hrs;mm=t->mins;ss=t->secs; 
if(prev_hrs==231 && t->hrs==01) dytime=dytime+dytics; 
ptime=dytime + t->hrs*hrtics + t->mins*mintics 

+ t->secs*sectics + t->cents/centics; 
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/***** SUBROUTINE FOR DUMMY TIME DELAY ********************/ 
wait(time_val) 

int time_val; 
{ 

int i,j; 
for(i=0; i<= time_val; i++) 

for (j=l; j<= 100; j++); 
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