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AESTRACT 

The purpose of the thesis is to design and realise a 

system ·to detect and .. simulate the drilling of drilling":'hole 
.~ . , 

iv 

positions in printe~ circuit boarg masks making use of a 

stepper motor driven mechanical moving stage scanner under 
/ .. 

the control of microprocessor. 

Determination of the print outline and the effective 

frame length, detection of the dots at proper drilling-hole 

positions, scanning of the dot mask in a meander 

generation of switching sequence of the unipolar 

pattern, 

stepper 

motors are under the control of software and achieved by 

interfacing the stage scanner, drive circuitry of the steppers 

and the detection system to a Z~80 microprocessor card. 

Since all the control actions are performed by the 

microprocessor, the 'prototype can be considered as an 

intelligent system. The drilling part of the software 

minimizes the drilling process time making use of 

path algorithm. 

optimum 



./ 

l>ZET9E 

Glinlimtizde, baskl.li devrelerin delik delme 191eml 

devreler deneme safhasl.ndayken miktarlarin azligl. nedenlyle 

onemll bir problem olul?turmakta ve kall.p-pin yonteml mas­

rafli oldugundan delikler e.l 11e dellnmektedlr. Tezln amacJ. 

bu soruna 90zlim getirmektir. 

Yapilan prototipte basklll. devre lizerlndekl delik 

yerleri 11?ik geqiren bir filme i~aretlenerek bu filmin mik­

ro i~lemci denetiminde optik yontemle taranmasiyla saptan -

makta ve delme il?lemi bir J.~ikla simlile edilmektedir. 

v 

Sistemde kullan11an me.kanik tezgah X ve Y yonlerinde 

adimlaylcJ. motorlarla hareket ettirilmekte ve tarama i~lemin­

de .. satJ.r yontemi kullanJ.lmaktadJ.r. Optik sistemin ve motor­

larJ.TI· tUm kontrolu Z-BO mikroi?lemcisi ile gergeklel?tirilmi~ 

bir kart taraflndan saglanmaktadJ.r. Geli~tirilen sistemde 

yazill.m, delme l~leminde zaman1 klsaltmak i9in optimum yol 

algoritmasini iyermektedir. 
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I. INTRODUCTION 

The automatic drilling machines for drilling holes in 

printed circuit boards at positions stored on cassettes are 

widely used, but the determination of the hole positions often 

has to be done by hand. For a small series of printed circuit 

boards, generating the list of drilling positions is a very 

sUbstantial part of the total production time. Another method 

but far more primitive, is drilling holes manually, which 

consumes more time and is less accurate than the aforementioned. 

On the other hand, in the near future, Computer Aided 

Design will become very important, at which time the drilling 

positions will be known from the design process. However pre­

sently many of the layouts are made by hand. So the best way 

of handling holes of printed circuit boards is by the auto­

matic determination of drilling positions, which is very cost­

effective, where a small series of Qoards is concerned. 
" 

The developed prototype has mainly two aspects: One 

of them is the automatic scanning of the transparent layout 

with an optic sensor. The other is the simulation of the 

drilling procedure. For this purpose, a LED is used instead 

of a drill. Software provides all controls i.e, scanning, 

detection, the driving of the stepper motors and simulation 

of the drilling operation. Thus the system does not need any 

manual work for operation except pushing the start button and· 

provides high accuracy due to precision stepper motors and 

high resolution optic sensor. 



SYSTEM CONFIGURATION 

Control 

Panel 

r---------J\ Z-80 I AI..----, 
J Micro V· 

r-------------~y Processor ~ >---r------r---LI \f"" 

~/ 

Power \ Stepper 
Drive 

Supply -I Circuitry 

Optic 

2 

J\ x-Y 
Stage 

-I Scanner 

Detector 
r---------~----~ 

Figure 1.1 

! 



System has six main units. Those are: 

1. Control panel 

2. Z-BO microprocessor based card 

3. Stepper drive circuitry 

4. Mechanical assembly 

5. Power supply unit 

6. Optic detector 

The above units will be explained in detail in the system 

hardware section. 

., 
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II. STEFFER MOTORS 

The stepping motor is a device which translates elec­

trical pulses into mec~anical movements. The output shaft ro­

tates or moves through a specific angular rotation per each 

incoming pulse or excitation. This angle or displacement ~per 

movement is ~epeated precisely with each succeeding pulse 

translated by appropriate drive circuitry.The results· of 

this precise,fixed and repeatatle movement is the ability 

to accurately position.As opposed to a conventioal motor 

which has a free running shaft,the step motor shaft rota­

tion is in fixed, repeatable,known increments.The stepping 

motor therefore allows load control ability of velocity, 

distance and direction. Initial positioning accuracy of a 

load being driven by a stepping motor is excellent. The re­

peatability(the ability to position through the same pattern 

of:movements, a multiple number of times) is even· greater. 

The only system error introducere by the stepping motor is 

its single step error,and this is generally less than five 

percent of one step. Most significantly this error is non­

cumulative, regardless of dis·tance positioned or number of 

times repositioning takes place. 
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A. Construction and Operation 

In a typical motor, electrical power is applied to 

two coils. Two stator cups formed around each of these coils 

with pole pairs mechanically displaced by half a pole pitch, 

become alternately energized north and south magnetic poles. 

Between the two stator-coil pairs the displacement is one 

fourth of a pole pitch. 

The permanent ~agnet rotor is magnetized with the 

same number of pole pairs as contained by one stator-coil 

section. Interaction between the rotor and stator (opposite 

poles attracting and likes repelling) causes the rotor to 

move one fourth of a pole pitch per winding polarity change. 

A two phase motor with 12 pole pairs per stator-coil section 

would thus move 48 steps per revolution' or seven and a half 

per step. 

The normal electrical input is a four step switching 

sequence as shown in figure 2.1 

+. 

Sw.A Sw.B 

.+ 

--

CW 
ROT. 

Figure 2.1 

STEP 

~ 
2 
3 
4 
1 

COILA 

+ 
+ 
.-

-
+ 

COILB 

+ 
--
+ 
+ 

. 

CCW 
ROT. 



Continuing the sequence causes the rotor to'rotate forward. 

Reversing the sequence reverse"s the direction of rotation. 

Thus, the stepper motor can be easily controlled by a pulse 

input drive which can be a two flip-flop logic circuit ope­

rated either open or clo~ed loop. 

Hereafter some specific names will be used for the 

stepper motors, so the below terminology will be needed : 

1. Step Angle 

6 

The motor shaft rotates its specific angular incre­

ment each time the winding polarity is changed. This specific 

degree of rotation or increment is called the step angle. It 

is specified in degrees." 

2. Step Accuracy 

Defined as positional accuracy tolerance. This figure 

is generally expressed in percent and indicates the total 

error introduced by the stepping motor in a single movement. 

The error is noncumulative i.e it does not increase as 

additional steps are taken. In a linear positioning, with a 

resolution of .001 inches a three percent motor would introducE 
. 

a maximum of .00003 inches error into the system. This total 

error would not accumulate nor increase with total distance 

moved or number of movements made. A particular step condition 



of the four step sequence repeatedly uses the same coil , 

magnetic polarity and flux path. Thus the most. accurate 

movement would be to step in multiples of four since elec­

trical and magnetic inbalances are eliminated. Increased 

accuracy also results from movements which are multiples 

of two steps. So, in positioning applications it is better 

to use two or four steps or multiples thereof for each 

desired measured increment. 

3. Torque 

Th.e torque produced by a: specific stepper motor 

depends on several factors : 

i. The step rate 

ii. The drive current supplied to the windings 

iii. The drive deSign 

a. Holding Torque. At standstill. (i.e zero steps per 

second and rated current) the torque required to deflect 

the rotor a full step is called the.holding torque.Normally 

the holding torque is higher than the running torque and 

thus acts as a strong brake in holding a load. Since def -

lection varies with load, the higher the holding torque the 

more accurate the position will be held. 

b. Residual ~or9ue. The non-energized detent torque of a 
/ 

PM stepper mo;tor is called residual torque.A~~result of the 

permanent magnet flux and bearing friction, it has a value 

7 



of approximately one tenth the holding torque. This charac­

teristic of pennanent magnet steppers is useful in holding 

a load in the proper position even when the motor is de­

energized. The position, however will not be held as 

accurately as when the motor is energized. 

4. Step Response 

8 

When given a command to take a step, the -motor will 

-respond within a specific time period. This step response or 

time for a single step is a. function of the torque to inertia 

ratio of th~ motor and of the characteristics of the electronic 

drive system. Ratings are given for no-load conditions with 

time generally expressed in milliseconds. Single step response 

is shown in figure 2.2 

Step 
Angle 

7.50 

o 20 40 60 80 

Figure 2.2 

Time 
(ms) 
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5. -Resonance 

Stepper motors are a spring-mass system and, as such, 
~-

have certain natural frequency characteristics. When a motor's 

natural frequency or resonance is reached, an increase in the 

audible level of the motor's operation can be detected. In 

cases of severe resonant condition, the motor may lose steps 

and/or oscillate about a pOint. The frequency at which this 

resonance, occurs varies, depending on the motor and the load. 

In many applications it may not occur to any perceptible deg- -

ree; however, it is felt that the designer should realize 

that this condition can exist and specific facts about the 

resonant characteristics of an individual motor should be 

obtained from the manufacturer. 

6. Translator 

An electronic control with circuitry to convert pulsee 

into the proper switching sequence, resulting,in one motor 

step taken for each pulse received. 

7. Preset Indexer 

An electronic control which includes the translator 

function plus additional circuitry to control the number of 

steps taken as well as direction and velocity. 



10 

8. Ramping 

The process of controlling pulse frequency to accele­

rate the rotor from zero speed to maximum speed as well as to 

decelerate the rotor from maximum speed to zero speed. Ramping 

increases the capability of driving the motor and load to 

higher speed levels, particularly with large inertial loads. 

A typical acceleration control frequency plot for an incremental 

movement with equal acceleration and deceleration time would 

be as shown in figure 2.3 

step 
Rate 

Run Rate 

At Accel. 

~tRun 

~t Time 

Figure 2.3 

Ramping acceleration or deceleration control time allowed 

Tj (Torque mNm) = • K· 

Where J t = Rotor inertia (g.m2) plus load inertia 

~V = Step rate change 

.6.t = Time allowen for acceleration in sec. 

K 
21T = Steps/rev --
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9. Start / Stop Without Error 

The start without error curve shows what torque, load . 

the motor can start and stop without loss of a step when 

started and stopped at a constant step or pulse rate. The 

running curve is the torque available when the motor is slowly 

accelerated to the operating rate. It is thus the actual 

dynamic torque produced by the motor. This curve is sometimes 

called the slew curve. The difference between the running and 

the start without error torque curves is the torque lost due 

to accelerating the motor rotor inertia. A typical torque 
'. . 

versus step rate characteristics curve is shown in figure 2.4. 

Torque 
(mNm) 

24 

18 

12 

6 

10. Slew Rate 

100 200 300 

Speed-Torque Curves 

Figure 2.4 

400 

Running 
Start Without Error 

Speed 
(steps/sec) 

-An area of high speed operation w.here the motor can 

run unidirectionally in synchronism. However it cannot 



instantaneously start, stop or reverse. A stepping motor is 

brought up to a slewing -rate using acceleration and is then 

decelerated to a stop under conditions where no step loss 

can be tolerated. 

11. Damping 

The reduct-ion or elimination of step overshoot is 

defined as damping. It is used in applications where 

12 

settling down time is important. In figure 2.5 electronically 

damped response is shown. 

Step 
Angle 

7.50r----+--~----------------------

T . Initial o· 

T1 : Reverse 

T2 : FOI'ward 

Damped Response 

Figure 2.5 

Pulse 

Pulse 

Pulse 

Time 



E. Drive Methods 

1. Bipolar 

The stator flux with a bipolar winding is reversed 

by reversing the current in the winding. It requires a 

push-pull bipolar drive. Care must be taken to design the 

circuit so that the transistors in series do not short the 

power supply ~y coming on at. the- same time. Properly 

operated, the bipolar winding gives the optimum motor 

performance at low to medium step rates. 

2. Unipolar 

A unipolar winding has two coils wound on the same 

bobbin per stator half. Flux is reversed by energizing one _ 

coil or the :lother coil from a sillgle power suppl;y. The use 

of a unipolar winding, sometimes called a bifilar winding 

allows the drive circuit to be simplified. Not only are half 

as many power switches required (four vs. eight) . but the 

timing is not as critical to prevent a current short through 

two transistors as is possible with bipolar drive. For a 

unipolar motor,. to have the same number of turns per winding 

as a bipolar motor, the wfre diameter must be decreased and 

therefore the resistance increased. As a result unipolar 

motor have ;0 percent less torque at low speeds. However at 

higher rates the torque outputs are equivalent. 

1; 
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ROTATION t 

14a 

SCHEMATIC BIPOLAR SWITCHING SEQUENCE 

+V 

Step Q1-Q4 

1 ON 
2 ON 
3 OFF 
4 OFF 
1 ON 

_1 ON 
I 

2 I ON I 

3 
1 ON 

4 OFF 
5 OFF 
6 OFF 

.-'L OFF 
8 OFF 
1· ON 

1 ON 
2 OFF 

.3 OFF 
4 OFF 
1 . ON 

+V 

Q2-Q~ QS-Q8 
OFF ON 
OFF OFF 
ON OFF 
ON ON 
OFF ON 

OFF i ON 
OFF I ill'~ 
OFF I OFF 
OFF OFF 
ON OFF 
ON OFF 
ON ON 
OFF ON 
OFF ON 

OFF OFF 
OFF OFF 
ON OFF 
OFF ON 
OFF OFF 

Figure 2.6· 

91-Q_'7 
OFF 
ON 
ON 
OFF 
OFF 

OFF 
llH 
ON 
ON 
ON 
OFF 
OFF 
OFF 
_O~F 

OFF 
ON 
OFF 
OFF 
OFF 

Normal 
4 Step Sequence 

CCW 

1/2 Step 

t
ROT. 

<' 8 Step Sequence 

Wave Drive 
4 Step $equence 



CW 

ROTATION 

14b 

sc~r1ATIC UNIPOLAR SWITCHING SEQUENCE 

,--__ r' 

__ E.~_~ Q1 Q2 Q3 Q4 
--'-

1 ON OFF ON OFF __ 
2 ON OfF OFF J)N_ Normal 

-.3 CHi'l4' ON OFF :ON 4 Step Sequence 

~ OFF ON Ql'.L_ -.-OEL 
1 ON OFF ON OFF 

1 ON OFF ON OFF 
2 I ON OFF OFF QF~_ 

3 ON OFF OFF- f-OB-
4 OFF OFF OFF ON 
5 OFF ON OFF ON 
6 OFF ON OFF OFF 

COW 

rOT. 
1/2 Step 

8 Step Sequence 
7 OFF ON ON OFF 
8 I OFF OFF ON OFF I 

1 I ON OFF ON OFF I 

..1 ON OFF OFF OFF 
2 OFF OFF OFF ON Wave Drive 
3 OFF ON OFF OFF 4 Step Sequence 
4 OFF OFF ON OFF 
1 ON OFF OFF OFF 

Figure 2.7· 



3. L / R Drive 

A motor operated at a fixed rated voltage has a 

decreasing torque curve as the frequency or step rate 

increases. This is due tb the fact that the rise time of 

the coil limits the percentage of power actually delivered 

to the motor. This effect is governed by the inductance to 

resistance ratio of the circuit (L/R). Compansation for 

this effect can be by either increasing the power supply 

voltage to maintain a constant current as the frequency 

increases,or by raising the power supply voltage and adding 

a series resistor as is shown in Fig.2.8 • As the L/R is 

changed, more total power is used by the system. The series­

resistors, R, are selected for the L/R ratio desired. For 

L/4R they are selected to be 3 times the motor winding re­

sistance with a: 

15 

Watts rating = (Current per winding)2 x R 

The power supply voltage is increased to 4 times motor rated 

voltage so as to maintain rated current to the motor. The 

power supplied will thus be 4 times that of a L/R drive. The 

unipolar motor which has a higher coil resistance thus has a 

better L/R ratio than a bipolar motor •. 

4. Bi-Level Drive 

.~. 

The bi-level drive allows the motor at zero step per 

second to 'hold at a lower than rated voltage, and when stepping 

to run at a higher than rated voltage. The: ';high voltage 

may be' switched on' through the use of a current 



sensing resistordr a circuit which uses the inducti~~ly 

generated turnoff current &pikes to control the voltage, 

is used. 

+ 
Low 

L/R Drive 

Figure 2.8 

Unipolar Bi...;Level Drive 

Figure 2.9 

s· 
2 

16 

+ -=- Rig] 
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5 •.. Chopper Drive 

A chopper drive maintains an average current level 

through the use of a current sensor which turns on a high 

voltage supply until an upper current value is reached. It 

then turns off the voltage until a low level limit is sensed 

where it turns on again. A chopper is best for fastaccelera­

tion and variable frequency applications. It is more efficient 

than a constant current amplifier regulated supply. The supply 

voltage of choppers is generally five to ten times the motor 

voltage rating. 

6. . Wave Drive 

Energizing one winding at a time is called wave ex­

citation. It produces the same increment as the four-step 

sequence. Since only one winding is on,. the hold and running 

torque with rated voltage applied· will be reduced thirty 

percent. Within. limits, the voltage can be increased to 

bring output power back to near rated torque value. The 

advantage of this type of drive is increased efficiency 

while the disadvantage is decreased step accuracy. 

c. Characteristics of Steppers Used In The System 

In the proto.~rpe system stepper motors are supplied 



18 

from Oriental Notor Company. Specifications of the motors 

are as follows : 

Type 

Vol tage 

Current per phase 

Holding Torque 

Resistance per phase 

Inductance per phase 

Rotor Inertia 

Weight 

Step Angle 

Construction Type 

No. of phase 

Shaft Type 

Temperature Range 

Temperature Rise 

Insulation Type 

Insulation Resistance 

Dielectric Strength 

:PH296-03 

: 14 V 

0.7 A/phase 

: 123 N-cm 

20 ohm/phase 

: 60 mH/phase 

560 g_cm2 

· • 

• · 
• • 

• • 

.. · 
• • 

· • 

• • 

· · 

1.5 kg 

1.8 

Hybrid 

2 

Single 

_100 

C to 50° C 

80 C or less 

Class B 

100 Mohm at 500 VDC 

Withstands in normal when 

impressing 0.5 kV at 60 Hz 

between the windings and 

the frame for one minute. 

The other characteristics and graphs are in Appendix ~. 
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III. SYSTEM HARDWARE 

The developed system mainly consists of five units : 

1 • Mechanical assembly 

2. stepper motor drive circuitry 

3. Z-80 Microprocessor based card 

4. Power supply unit 

5. Optic detector system· 

A. Mechanical Assembly 

The realization in recent times of the need to imple­

ment efficient usage of manpower through improvement in pro -

duction processes by automation has led to the development 

of devices such as the X - Y table. 

The X - Y stage scanner facilitates the motion of the 

object to be positioned in either or both the x and Y axes. 

Obviously there are many methods to design a ri'ght angled 

motion table. Kany factors need becarefully considered before 

deciding on a particular design. The factors'are important in 

the sense that they determine the accuracy and reliability of 

the equipment. The motions are controlled by motors and the 

precision required in this application is obtained by using 

stepper motors which are driven by pulses that can easily be 
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generated by drive circuits receiving single pulses from Z-BO 

microprocessor card. 

stepper motors give a very high precision motion de- . 

pending on the lead - screw used to drive' the table. The pitch 

of the lead - screw determines the amount of linear motion of 

the table per step of the motor. The main disadvantage of 

using lead - screw mechanism is backlash. Of course· there are 

some methods to prevent this disadvantage e.g using adjustal::·le 

nut or spring system. 

In the developed system backlash did not cause any 

problem so compensating methods were not applied. 

B. Mechanical Design 

1. Ease Plate 

The base plate supports the entire assembly. Aluminium 

is preferred due to strength and light property of· this metal. 

Dimensions of this plate are : 260mm x 350mm x 4mm 0' The base 

,plate supports two other plates at right angles and those plates 

have shafts and lead-screw mounted on them. 

2. Intermediate Y - Plate 

This is also made of aluminium. Its dimensions are as follows: 



330 mm x 110 mm x 4 mm • This plate is placed on the linear 

motion bearings and the nut which are'in ... turn mounted on 

shafts and lead-screw. This intermediate plate supports the 

other plate ( Y - Table ) which has dimensions : 420 mm x 

195 mm x 4 mm and this supports the other two plates at 

right angles which are connected to the shafts and the lead 

screw. 

3. Intermediate X - Plate 

This plate is ~upported on the nut and the linear 

motion bearings which are mounted on shafts and the lead­

screw. The dimensions of this plate are: 110 mm x 195 mm x 

4 mm • This plate supports the top X-Plate which has dimen­

sions 290 mm x 220 mm x 4 mm • 

4. Linear Motion Bearings with Cylindrical Shafts 

The best way is to'use linear-bear:ings to provid.:e 

smooth movements. These bearings move along their shafts 

and are designed to give 13. smooth movement, which has ex­

tremely low friction. The X and Y tables are straight away 

mounted on these bearings and the lead-screws move the 

tables on those bearings giving perfect motion. 

In order to have a robust system two shafts for the 

y - table and two shafts for the X - table are used. Four 

bearings support each table. This means two bearings on 

21 
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each shaft. The'shafts are made. out of ·steel. The length of 

the X-table shafts is 400 mm and that of the Y-table is 320 mm. 

The diameter of both shafts is 16 mm. 

Iko linear motion bearings ( No. D-16 ) were selected 

and placed inside of aluminium blocks to support the X and Y 

tables. The shafts of both the X and the Y tables are suppor­

ted by two other blocks at each end. 

5. Lead- Screw and Its Nut 

The most significant part of the X - Y table is the 

realization of the lead-screw and its nut. The pitch of the 

lead-screw determines the linear distan'ce through which the 

X -."Y stage "scanner moves. The lead-screw moves in a nut. 

and in the prototype, together they have virtually no back­

lash. The lead-screw has eight threads per inch, therefore 

the motor shaft needs to make eight revolutions to linearly 

displace the given X-Y table by one inch. Every revelution 

of ~he motor is made as a series of 200 steps i.e 1600 

steps of the motor produce a linear displacement of one inch 

or one step" produces 1/1600 inch displacement of the table 

i.e 0.015875 mm. This is the resolution of the prototype 

X-Y positioning table. 

The nut is fixed under both the X and Y tables and 
"", 

the rotating lead-screw will move through the nut. Since the 

lead-screw motion is restricted to rotation only, it will 

cause the nut and hence the table to move linearly along the 

axis of the lead-screw. Since the length of the lead-screw is 

too long it is safer to give it some kind of radial bearing 



23 

support. These bearings allow the lead-screws to rotate within 

them i.e the lead-screw will move within the bearing and at 

the same time will be supported by the bearing support. The 

lead-screw is suitably machined so that the support bearing 

fits on to the lead-screw perfectly. Thes~ bearings are fixed 

with some supports that are produced in the workshop of the 

university. 

6. Motor Shaftz Lead - Screw Couplings 

The power from the motor is transmitted to the lead­

screw by coupling the motor shaft into the lead-screw and the 

combination is tightened by two screws which have housings on 

the lead-screw shaft. 

The X and y-table motors are mounted to the block 

where two shafts and lead-screw are mounted. For this purpose 

four screws for each motor are used through the metal spacing 

units. At this point the important thing is the adjustment of 

the levels of the motor shaft and the lead-screw. In the de~ 

veloped system this levelling did not cause any problem due 

to design. 

7. Glass Plate 

This is the top part of the X-Y table which i~ placed 

on the X plate by using metal spacing units at all the four 

corners of the X-table. The aim.of this spacing is to install 

_ the light source under the sample film to be scanned. So, the 
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o'rder of the units from top to bottom is : optic detector, 

sample film, glass plate and the X-plate. The distance bet­

wee"n the glass plate and the X-table is 32 mm. The dimensions 

of the glass plate are 270 mm x 220 mm x 4 mm. 

8. Operation 

Every pulse input from the microprocessor card to the 

drive circuit makes the stepper motor rotate through one step 

or 1.8 degrees. Hence a total of 200 pulses, input to the 

drive circuit cause the motor shaft to make one revolution. 

The scanning area of the X-Y table is defined by the 

length of the shafts. The developed system can scan an area 

which has an X-length of 220 mm and a Y-length of 150 mm. 

The details related to the mechanical assembly are 

given in the appendix C. 



,25 

C. Stepper Motor Drive Circuitry 

The drive me,thods for stepper motors are explained in 

chapt'er 2. It the second chapter. It can be easily under­

stood that the drive circuitry affects the speed-torque cha­

racteristics of the steppers. 

In order to have a proper drive, first the mechanical 

characteristics of the system must be considered, and then 

the selection of right stepper motors drive circuitry. 
-

The best way to approach this problem, is to examine 

the speed-torque characteristics curves, and then settle the 

load specifications. If no acceleration is needed and the 

load is frictional, start-without-error curve should be used. 

The running curve, in conjunction with the equation : 

where 

T = lex 

T = Torque 

a = Angular acceleration 

I = Inertia 

must be considered when the load is inertial and/or accelera­

tion control is needed. 

In the prototype system, X-Y stage scanner moves on 

linear motion bearings which have very little friction, hence 

the system does not need large amount of torque output from 

the motor, except that it needs high speed due to time consu­

ming high resolution scanning. 

Since the stepper motors are supplied before the rea­

lization of X-Y stage scanner, they are ordered from the po­

werful series. Thus it was a must to have a powerful drive 
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stage to run these steppers at the required high speed. 

The speed versus torque characteristics show that the 

st'eppersused in this project have the highest torque output 
-

at approximately hundred pulses per second. In addition to 

this, from the inertia versus starting-pulse-rate characte­

ristics, it is seen that the maximum starting-pulse-rate is 

around two ,hundred pulses per second, and sometimes it is ad­

visable to start with half of this speed in order not to lose 

any steps. 

Under these circumstances, when all the drive methods 

are examined,the most suitable drive type seems to be the 

chopper drive. 

In the chopper drive, current is sensed by a current 

sensing resistor which turns on a high voltage supply as soon 

as the current reaches 0.7 amperes and turns it off when the· 

current falls below this value. 

The prototype system as mentioned above needs accele­

ration, high speed and deceleration to save time. For this 

purpose it is appropriate to give some explanation about step­

per's behaviour at variable frequency applications. 

The torque output of the stepper motors needed to move 

the X-Y table is directly proportional to th~ current that 

passes through the coils of stepper motor. So, at high speed 

applications current cannot easily reach its rated value when 

normal supply voltage is used. It is very logical from the 

basic equation V = I Z t?at, in order to have high currents 

through a coil showing an impedance Z, voltage must attain 

higher values. 

The rise of current depends on the L/R time constant. 

This can be expressed by the following formula : 



where 

t1 R 
I = If ( 1 - e-~ ) 

I shows the value of current at time t1 ~ and 

If represents the final value of current 

j 

! 
I L 

R 

I 

I ---------------f ----

I· 

t:. ( 

Time 

I. - ------------- -------

I 

Time 

Figure 3.1 

Current reaches around 60 percent of its final value at time 

t=L/R during charging. Discharge process can be viewed as the 

opposite of charging process. For example in the prototype 

the rated voltage of stepper motors is 14 V and their resis­

tance per phase is 20 ohms and inductance per phase is 60 mH. 

According to these data, the current reaches its 60 

percent of its final value at time t=L/R. 
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I = 0.42 A at.t=L/R 

On the other hand, if high voltage (e.g 42 Vin the prototype) 

supply ,is used : 

I = 1.26 A at t=L/R 

It can be seen from these rough calculations that the 

current can reach three times high a value when it is driven 

from the higher voltage supply in spite the fact that the 

time interval does not change i.e t=L/R.· 

Considering all these advantages a modified version 

of . chopper drive is used. It somewhat behaves like a bi-Ievel 

drive which is also mentioned in chapter two. 

In the developed system : 

v = 42 V 

R = 20 ohm 

L = 60 mH 

I = 0.7 A 

So the time ,required to attain a current of 0.7 A is 0.0012 s. 

As a result, a speed of 835 pulse per second is obtained. 

I (A) 

2.1r--------~=_~-----

I' 

o. / 

;' 

, 
;' 

Figure 3.2 

Time (ms) 



29 

Referring to the figure 3.3 where two different supply 

levels are seen, the high voltage supply (42 V) is connected 

to the stepper motor windings through Q1 and Q2 power tran-

·sistors. These transistors stay on, till the final value of 

winding current (0.7 A) is reached. Then Q11' Q12 conduct and 

Q1 and Q2 go into cut off and some power is dissipated through 

the R1 and R2• At this time, the second low voltage (18 V) 

supply takes over the current and dissipation of Q1 arid Q2 is 

avoided. 

The diodes·D1 and D3 are used to prevent the reverse 

biasing of Q1 and Q2 • There can be seen two fuses (F1,F2) to 

protect the system. D2 (zener), D4 (zener), D5 , D6 , D7 , D8 

are used for voltage suppression. Also D9• D10,D11,D12prohi­

bits the negative pulses that may corne from the windings due 

to the magnetic field created by the rotating permanent mag­

net rotor. Whenever winding current is turned off, a high 

voltage inductive spike will be generated which could damage 

the drive circuit switching transistors. 

The above mentioned inductive spike results as per 

the inductor voltage equation: 

V = L .J!L dt 

where a high value of rate of change of current is encountered 

due to an extremely small switching time interval. 

The normal method used to suppress these spikes is to 

put a diode (Free Wheelin~ diode) across each winding. This, 

however, will reduce the torque output of the motor unless 

the voltage across the switching transistors is allowed to 

build up to at least twice the supply voltage. The higher this 
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voltage the faster the induced field and current will collapse 

and thus the better performance. In the prototype circuit 

120 V zener diodes are used for this purpose. Diodes D13 and 

D14 avoid the reverse currents to the low level supply (18.V). 

The second supply is set to 18 V, since there will be 

a 14 V drop on the motor windings, 0.7 V on the diodes (D13 
and D14 ), 2.5 V collector to emitter voltage drop on the 

transistors (Q4~ Q5' Q8' Q9) and 0.7 V on the current sensing 

resistors (R9 and R10). 

The pulse sequence from the microprocessor card taken 

as output from the peripheral device (PIO) is fed to the bases 

of Q3' Q6' Q7' Q10 through the base resistors R3 , R4 , R5·,and 

R6• 

Of course there are some limitations due to the stepper 

motor characteristics beside the drive method. Increasing the 

voltage to a stepper motor at standstill or· low stepping rates I 

will produce a proportionally higher torque until the magnetic 

flux paths within the motor saturate. As the motor nears satu­

ration, it becomes less efficient and thus does not justify 

the additional power input. 

The maximum speed a stepper motor can be driven is li­

mited by hysteresis and eddy current losses. At some rate, the 

heating effects of these losses limits any further effort to 

get more speed or torque output by driving the motor harder. 

The realised driving cicuitry improved the speed cha­

racteristics of the stepper motors which are not very suitable 

for high speed applications. During scanning a speed of 835 

pulse per second is reached by means of this modified chopper. 

drive circuit. 
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D. Z~80 Microprocessor Based Card 

This card consists of four main parts : 

1. Z-80 CFU 

2. Z-80 1'10 

3. Memory Section 

4. Other IC's 

1. Z-80 CFU 

All controls are carried out by this unit. It works 

with a 2 MHz clock. This frequency obtained from a D-t·ype 

flip-flop which divides the 4· MHz crystal frequency. The 
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Reset input of the CFU Is used through a D-type flip-flop i 

I 
• I 

also. The non-maskable interrupt, Wait and Bus Request inputs j 

are connected to the Vcc by the pull-up resistors. The Halt 

state is shown by driving a FNF transistor which-is used 

to turn on the LED. 

2. Z-80 1'10 

The Z-80 parallel input-output circuit is a program­

mable··, two port device which provides a TTL compatible in­

terface between peripheral devices and the Z-80 CPU. The 

CPU can configure the Z-80 1'10 to interface with a wide-range 

of peripheral devices. In the prototype an 8 bit output is 

used to give the step sequence of motors, 4 least significant 

bits are controlling the X-motor, while the most significant 



4 bits controlling the Y-motor. 

The other port (B) is used as an input port during 

the scanning process and as an output port while simulation 

of the drill process. The cirpuit shown in the figure 3.4 is 

used for simulation making the LED flash when the detector 

(simulating the drill) comes on to the dot which should be 

drilled. 

3. Memory 

. System uses three memory units. Two of them are 

2k_x 8 bit EPROMS (2716 type) and the other is a.2k x 8 bit 

static RAM (6116 P-3 type). 
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The storage size of the 2k RAM limits the card size 

to 170 mm x 140 mrn despite that the maximum scanning area is 

220 mrnx 150 mm (X,Y) mechanically. Along with the hole posi­

tion storage, a part of the RAM acts as a stack and also as 

a scratch-pad for the progra~. 

follows 

The memory addresses of the system are decoded as 

EPROM 1 

EPROM 2 

Rm 

· . . . . . . . 
· . . . . . . . 
• • • • • • • • 

¢¢¢¢ - ~7FF 

¢8¢¢ - ¢FFF 

8¢¢¢ 87FF 

This decoding is performed by one half of a 74LS139. 

(Decod~r/Demux). Inputs of this IC are supplied from the 

address .. pins (A11 and A15 ) and :MREQ pin of CPU. Yo' Y1 , Y2 

outputs of the decoder select the EPROM 1, EPROM 2 and RAM 



respectively, as.·shown in the figure ,.5 
The output enable pins of EPROMS and RAM are connec­

ted to the RD pin,of OPU. The RAM output enable pin has con­

nection with the WR pin of OPU to perform writing operations 

into the memory. 

B7 
(PIa) 

4. Other IO's 

Drill Simulator 

Figure ,.4 

+5 V 

I 
16 

2 A Yo 
4 

(74LS1,9) , 
B Y 5 

1 

1 1G Y2 
6 

Gnd 
---L 

Address Decoding 

Figure ,.5 

EPROM-1 (cs) 

EPROM-2 (OS) 

RAM (OS) 

,4 

The other 10' s '.perform the interrupt action as followi 

System interrupt mode is set to 2 to have control inputs for 
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the X-Y table movements. In mode 2 system creates 16 bit 

starting address of the service routine. The programmer 

maintains a table of 16 bit starting addresses for every 

interrupt service routine. This table may be located,any­

where in the memory. When an interrupt is accepted a 16 bit' 

pointer must be formed to obtain the desired interrupt service 

routine's starting address from the table. The upper B bits 

of this pOinter are formed ,from the content of the I-register. 

The I-register must have been previously loaded with the de­

sired value by the programmer. In the developed board, the 

lower B bits of the pOinter are supplied by the interrupting 

switches. The point to note is that only 7 bits can be used 

leaving the least significant bit zero. This is needed since 

the pointer is used to get two adjacent byte to form a com­

plete 16 bit service routine's starting address and the 

addresses must always start in even locations. 

In the Z-BO hardware layout given in the appendix, 

this interrupt mode works as follows: When one of the switche 

connected to interrupt inputs is drawn to ground, the NAND 

gate output goes high and sends a '1.3 microsecond interrupt 

pulse through the capacitor and resistor network, meanwhile 

the Octal Transparent Latch (74LS373) is enabled and it 

latches the data on its input. Meanwhile the CPU generates 

an;".'I'N'TA signal which enables the latch output, hence the data 

is loaded on the data bus. As mentioned before, this data 

form the lower 8 bits of the 16 bit starting address of the 

service routine. Then- the CPU executes the program from that 

address on. 
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E. Power Supply Unit 

This "unit is made up of four main parts: 

1. The High Voltage Supply 

This supply uses 32 VAC input. After rectification 

and capacitive filtering, this unit is connected to the high 

voltage pin of the drive card. For this part of the supply no 

regulator is used since inductive spikes that are created due 

to high speed switching of the drive card, may damage the 

regulator circuit besides that there is no need for such 

regulation as far as drive cicuit structure is concerned. The 

output of this supply is 45 V at no load conditions, and at 

loading it falls to 42 V that is sufficient for the drive 

card. 

2. The Low Voltage Supply , 

After rectification and capacitive filtering 25 VDC 

is fed to the input of integrated voltage regulator (7818). 

The output (18 VDC) is used as the low level supply and 

approximately 350 rnA current is drawn by the drive circuitry. 

This second supply is needed to have bi-Ievel drive for the 

stepper motors, so it provides current at low speeds (246pps) 

mostly and prevents the dissipation of transistors (Q1 and Q2) 

due to high voltage, by keeping them at the cut off. 



If the low voltage supply were not included in the 

power supply unit, then, after the inductor current reaches 

its rated value (0.7 A), there would be a voltage on the 

transistors (V CE ) Q1 and Q2 which is equal to 42-17=25 V 

where 

42 V - The high voltage supply 

17 V = Voltage drop on the motor windings + VCE of switching 

transistors (Q4' Q5' Q8 and Q9) + Voltage drop on the 

current sensing resistors (R9 and R10 ) 

Thus this voltage (25 V) with the rated current of motor 

windings, would cause approximately 17.5 W power dissipation 

on the transistors Q1 and Q2. 

3. + 5 Volt Supply 
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The output of 18 V voltage regulator is also taken as 

the input for +5 V regulator (7805). 

+5 V supply is used for.the Z-80 microprocessor card, 

for the drill simulator circuit and also for the detection ~ 

circuitry. The amount of current that is drawn from this suppl~ 

is approximately 250 rnA. 

4. Adjustable Voltage SUpply 

This adjustable voltage regulator (723) also uses 

18 V regulator output as input and gives output to the lamp 
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of the detection. circuit. The voltage regulator is so set that 

.its·output can be adjusted from +5 V to +15 V. Adjustable sourc' 

is needed because of the critical trigger levels of optic _senso 

output. Lamp needs approximately 70 rnA. 

The related figures of the power supply unit are shown· 

on the following page. 
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Low Voltage & +5 V Supply 

...-J---~ 

19 V +5 V 

4.7 0.1 
}IF }IF 
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Figure 3.6 
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F~ Optic Detector, System 

The optic detectio,n is one of the most important feature 

of this thesis. Presently, there are many, different kinds of 

optical sensors. In the developed system. the resolution of 

two consecutive points' is 1.27 mm. This is not a very small 

distance for the sensor which is chosen for scanning procedure. 

The optic sensor is not sensitive to the side lights 

due to its lens. In application, a small light source is used 

and the detector is centered on top of it, keeping a distance 

for the glass plate and the film. 

For detection process, the operator places the dark 

solid dots on the transparent film. Then this film is scanned 

line by line. The sensor which is a transistor changes its 

state depending on the intensity of the light. The txansistor 

1s used in the common emitter configuration and the collector 

voltage ,is taken as output. Due to the mechanical movement 

and other disturbances, the best results can be achieved by 

using a comparator. For this purpose, LM 324 is used in the 

prototype. So the triggering level can be determined by 

adjusting the potentiometer i.e comparator inverting input 

voltage level is adjusted. 

The comparator is essential in the circuitry in order 

·to generate.a +5 V signal for even a small input from the 

optical sensor~ Direct coupling' betwee'n the sensor and the 

microprocessor would not be appropriate because of the weak 

signal from the sensor, not being able to trigger. the input 

port of the PIO of the Z-80 microprmcessor. 
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Consequently, the output switches between high (+5V) 

and low (OV) levels. Those voltages are applied to the input 

port of the PIO of the Z-80 microprocessor card and this 

optical information is written to the memory, according to the 

scan program. 

The detection;' circuitry and the detection mechanism 

are shown in figure 3.7 and figure 3.8 respectively. 
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IV. SYSTEM SOFTWARE 

The software of the system consists of mainly two 

sections and each program contains subprograms. 

A. Detection Program 

1. Line Detection ~rogram 

2. Frame-length Detection Program 

3. Scanning and Storing Program 

B. Drilling Program 

C. Subprograms 

1. Reset Routine 

2. Interrupt Service Routine 

3. Acceleration and Deceleration Subroutines 

4. Constant Speed Subroutines 

5. Delay Subroutines 

A. Detection Program 

1. Line Detection Program 
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This routine searches the frame lines and locates the 

detector on the top right corner of the dot mask. Program 



flow is shown below : 

No 

Move 4 steps 
in neg-Y 
direction 

Set step 
counter to 68 

Move 4 steps 
in neg-Y 
direction 

Decrement 
step counter 

No 

No 

Continued in the next page 
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Upper line found 
~ove 150 steps in ..• 
pos-Y direction 

Move 4 steps in 
neg-X direction 

No 

Right side-frarne­
line found. 
Move 80 steps in 
pos-X direction 

45 

The number of steps written in the flowchart are 

found according to the dimension of dots and grid length i.e 
-

dots have a radius of 27- steps where each step is equal to 

0.015875 mm. and the length of a grid is 80 steps. Thus, two 

consecutive dots have a spacing distance of 26 steps as shown 

in Figure 4.1 • 

19rid ::: G - - ~:r-
- - - -r 

Dot dimensions 

Figure 4.1 

1 Grid:::1/10 inc 

r:Radius of do1 
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2. Frame Length.Detection Program 

This program measures the X and Y lengths of the 

frame of dot mask. 

Move 80 steps in 
pos-X direction 

Left side-frame­
line found. store 
(Grid count~2) 
as X-len'gth 

No 

o 

Move to zero 
position using 
acceleration-high 

. speed-deceleratiori 
routine i.e move 
grid-count x 80 
steps in. neg-X 
direction 

Con'd 

Increment 
grid counter 

Move in neg-X 
grid countx80 
steps, using 
constant (low 
speed "routine 



Move 80 steps in 
.pos-Y direction 

No 

Bottom :frame-line 
:found. Store 
(Grid count-2) 
as Y-length 

Move to zero 
position using 
A-HS-D routine 
1. e move grid­
count x 80 steps 
in neg-Y direc. 

No 

Increment 
grid counter 

Move grid-count x 
80 steps in neg-Y 
direction using 
constant speed 
routine. 
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In this program the, grid counter is compared with 21 

since 11 grids are needed for acceleration and 10 :for decele­

ration (1 grid = 80 steps). 

In the flowchart A-HS-D is used to express the acce­

leration-high speed-deceleration routine in short. 



3. Scanning and.Storing Program 

This program scans the dot mask whose dimensions are 

specified in the previous programs, in a meander pattern i.e 

odd numbered lines are scanned from right to left while even 

numbered lines are scanned in the opposite direction. 

The s-nore>routine tests the output of the detector 

at every grid-node where spacing between two grids is 80 

steps which is equal to 1/20 inch. Each test result (O.or 1) 

is stored in a temporary memory location and when 8 consecu­

tive hole-position information is read ( i.e one byte is 

filled) then this datum(byte) is stored in the memory 

starting from the address 8000 H. 
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The scan program can proceed with two different 

speeds. One of them is constant speed (246 steps/sec) scanning 

routine and the other is acceleration-high speed-deceleration 

routine. Those cases will be e~plained respectively. 

a. Constant Speed Scanning and Detection. This routine is 

selected if the X-length of the dot mask is equal or smaller 

than the distance required for acceleration,high speed and 

deceleration. This distance is equal to 21/20 inch. The flow­

chart of this routine is in the following pages. 



(A) 

p.50 

Yes 

Use constant speed 
routine for scanning 

Set Y-grid counter 
to Y-length 

Set X-grid counter 
to X-length 

Move 19rid=80steps 
in pos-X direction 

Store output of 
the detector 

Decrement X-grid 
counter 

I"love 1 grid in 
pos-Y direction 

Cont 

No 

(E) 

p.51 
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(A) 

p.49 

Set X-grid counter to X-length 

Decrement Y-grid counter 

Yes· 

Move 1 grid in neg-X direction 

Store output of the detector 

Decrement X-grid counter 

N 
count 

Move 1 grid in pos-Y direction 

Decrement Y-grid counter 

No 

Cont 

50 

Move X-length 
long in neg-X 
direction 



Move Y-length long 
in neg-Y direction 
using A-HS-D routine 

(D) 

End of scanning process. 
System is ready for 
drilling operation 

Move Y-length long 
in neg-Y direction 
using constant 
speed routine 
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b. High Speed Scanning and Detection. When the X-length of 

the frame of dot mask, 1s greater than 21/20 inch, this 

routine is selected,so a better performance (i.e a.shorter 

scanni~g time) is obtained due to acceleration~-high speed 

(835 steps/sec)~deceleration profile instead of constant 

speed (246 steps/sec) scanning. Program flow is as follows 

(E) 

~ 
Use A-HS-D routine 
for scanning 

Set Y-grid counter 
to Y-length 

Cont. 



Find X-:-path=X-length-1 
X-path=Max-speed distance 

Set X-grid counter to 11 

Move 1 grid in pos-X direction 

Store output of the detector 

Decrement X-grid counter 

No 

Set X-grid counter to X-path 

Move 1 grid in pos-X direction I 

Store output of the detector 

Decrement X-grid counter 

·Cont. 

(F) 

p.53 
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Set X-grid counter to 10 

Move 1 grid in pos-X direction 

Store output of the detector 

Decrement X-grid counter 

No 

Move 1 grid in pos-Y direction 

Decrement Y-grid counter 

(I) 

No 
count 

Yes 

Move X-length long in neg-X d. 

Same flowchart in page 51 
is used from (0) to (D) 

Same flowchart is 
used from (E) to (I) 
for neg-X direction 

p.52 
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c. store Program. By this program ~ata which hold the 

drilling-hole-position information. are .stored in the memory 

sequentially. Flowchart of the program is shown below: 

Save new Loc-1 
Save new Loc-2 
Return to main 
program 

Load 8 to Loc-1 

Input frQID port 01 

Read the content of Loc-2 

Rotate-~ight the read-data 

Logical (OR) of the read­
data and input-byte 

Decrement the content of 
Loc-1 

No 

Rotate-right the content 
of Loc-2 

Cont. 

Rotate-right 

the cont. of 
Loc-2 as the 
cont. of Loc-1 
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~ 

store (Loc-:2) to (STAN) 

Increment STAM 

Clear (Loc";2) 

Load 8 to (Loc':"1) 

Return to main program 

Expressions used in the above flowchart are: 

Loc-1 : Holds the bit count. Initially Loc-1 contains 8 and 

decremented at each test of the output of detector (at each 

grid-node). its content reaches zero when 8 data are taken 

i.e a byte of hole-position information is ready to be stored. 

Loc-2: Keeps the data till a byte of information is formed. 

Then that byte is stored in the memory. 

STAMMeans starting address of memory. The data (byte) 

in Loc-2 is stored to the memory location that STAll, shows. 

In the beginning STAN contains 8000 H which is the first 

RAf>: location in the memory unit. STAftl is incremented after 

each byte-store. 
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B. Drilling Program 

This program reads the hole-position data from the" 

memory and drives the X-Y stage scanner to perform the drilling 

process. Path optimization algorithm is used to minimize the 

drilling procedure time. 

In the program, hole-position data is read from the 

memory as one byte at a time and every byte is tested bit by. 

bit. A position counter (register) is set to X-length value 

and it is decremented at each bit test. If the tested bit 

contains'1' i.e that is a hole information then "the value 

of position counter is stored in the memory starting from the 

address FirstIX=8730H. Zeroes which are encountered during 

bit test are not taken into consideration. When position 

counter reaches zero then it means that, line is finished 

and drilling of the holes on that line can be performed. 

The flowchart in the following page is written for 

the odd numbered lines. In the even numbered lines hole­

posi tions are listed (stored) fr"om left to right. This can 

be simply shown as follows: 

Odd numbered line 

FirstIX (The first hole location) 

LastIX (The last hole location) 

LastIX -r ~FirstIX 

Left ~I ------~~----~.~+.--~.~--~--+_------~~ight 
Eyen numbered line 

"'-,,-_ Firs tIX Las tI~ 
Left ~I _""~~~--__ ~.~~e~ __ ~Q ____________ 4~~~:Right 
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Flowchart of the'drilling program for the odd numbered .lines: 

Move (in neg-X) to 

the last hole and 

run Left-to-Right 
drilling routine. 

.Clear specified RAM area 

Read hole-po~ition data 
of one line byte by byte 
apply bit-test to each 
byte. 

Write hole-distances 
relative to the left­
side-frame-line. 

A= . 
FirstIX <¢ 

(_) r-----------~ 

B= 

OldX 

(-) / 
LastIX . 

IAI> IBI Yes 

Move to the-first hole 
(FirstIX) and run Right­
to-Left drilling routine 

Move (in pos-X) 
to the first 
hole (FirstIX) 
and run R-to-L 
drilling routine 

Move (in pos-X) 
to the lasthole 

Irun L-to-R 

jdrilling routine 



58 

In the drilling program, OldX contains the last loca­

tion of the X-motor. Locations of the holes are specified 

according to the distance from the left-frame-line i.e hole­

position numbers increase from left to right. 

After the' execution of one line, the next line data 

are tested. If there 1s no data in any line then stage moves 

one grid (80 steps) in the positive-Y direction. 

The movement of the stage from one hole position to 

another is performed due to calculation of relative distance 

between two subsequent hole-positions. If the distance between 

two hole-positions 1s greater than 21 grids then acceleration­

maximum speed-deceleration routine is run othen:ise the X-Y 

stage scanner moves with constant speed. 

At the end of drilling program, return routine takes 

place and moves the X-Y table to its original zero position 

for another drilling operation. 

c. Subprograms 

1. Reset Routine 

This subroutine : 

a. Sets the stack pointer to 87E5 H 

b. Chooses interrupt mode 2 

c. Loads (I) interrupt page address register with ¢7 

d. Programs A-port of PIO as output port and, 

B-port of PIO as input port 
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·Reset Routine 

¢¢¢¢ 31 E5 87 LD SP,87E5 H 

¢¢¢3 ED 5E 1M 2 

¢¢¢5 3E ¢7 LD A, ¢7 

¢¢¢7 ED 47 LD I, A 

¢¢¢9 3E ¢F' LD A, ¢F H 

¢¢¢B D3 ¢2 OUT (¢2), A 

¢¢¢D 3E 4F LD A, 4F H 

¢¢¢F D3 ¢3 OUT (¢3), A 

¢¢11 AF XOR A 

¢¢12 D3 ¢¢ OUT (¢¢), A 

¢¢14 FB EI 

¢¢15 76 HALT 

Table "4.1 

2. Interrupt Service Routine 

Control of the X-Y stage scanner is provided by this 

routine. Start switch starts the·scanning and then the drilling 

programs. The other four switches (pos-X, neg-X, pos-Y, neg-Y) 

are used to move the X-Y table in both X andY directions. 

Stop switch is used to break the above mentioned programs 

when they are running. 

This routine utilizes the interrupt feature of Z-80 

microprocessor. The Z-80 9PU is so operated that an indirect 

call to any menory location can be achieved in response to an 

interrupt. For this purpose the I register is loaded vii th ¢7 

which is the high order 8-bits of the indirect address. The 



lower a-bits of the address are provided by the interrupting 

switch. 

Interrupt Service Routine Starting Addresses 

Start Switch 

Stop~-Swit.ch 

Pos-X Switch 

Neg-X Switch 

Pos-Y Switch 

Neg-Y Switch 

¢7BE 1F 

¢7BF ¢¢ 

¢7DE 25 

¢7DF ¢7 

¢7FC : ¢¢ 

¢7FD : ¢7 

¢7FA : 4¢ 

¢7FB ¢7 

¢7F6 : 65 

¢7F7 ¢7 

¢7EE : D¢ 

¢7EF ¢6 

Table 4.2 

60 



61 

3. Acceleration and Deceleration Subroutines 

In the second section, driving conditions are examined 

for stepper motors. The necessary pulse sequences are supplied 

from the microprocessor card and the look-up table for bit 

pa tterns (shown in ·~ts:bl:e 4.3) is created in the memory. 

Since stepper"motors cannot start at high speeds, they are 

driven at low speed in the beginning and speed is increased 

step by step, changing the delays between pUlse-patterns. 

For the above mentioned r~asons, a specific distance is needed 

to accelerate and decelerate, which is 11 grids "for accelera­

tion and 10 grids for deceleration ( 1Grid=80steps). In the 

prototype, by changing delay constants, speed is changed 

from 238 steps/sec to 791 steps/sec in 11 stages. 

Stepper Look-up Table 

Memory Address Bit Pattern 

¢7A¢ H ¢A H 

¢7A1 H ¢9 H 
X-MOTOR 

¢7A2 H ¢5 H 

¢7A3 H ¢6 H 
--------------------------------

¢7~¢ H A¢ H 

¢7B1 H 9¢ H Y-MOTOR 
¢7B2 H 5¢ H 

¢7B3 H 6¢ H 

Table 4.3 
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These bit patterns (shown in Table 4.3) are sent to 

drivers through FlO unit. For clockwiserotation,bit patterns -

are in the form of A'; '9, 5, 6 and opposite order for the 

counterclockwise rotation. 

4. Constant Speed Subroutines 

These routines are used almost in all programs. They 

provide constant delay between pulse patterns to be sent to 

stepper motor drivers. Motors obtain a speed of 246 steps/sec. 

by these routines, and a register of the processor is used 

as the step counter. At every 80 step routine repeates itself. 

5. Delay Subroutines 

In all programs those routines are used either in 

constant form or in variable form. 

For the stepper motor's pulse sequence, a delay of 

8017 T-cycles long, is used between two consecutive pulses. 

Where, every T"':cycle takes 0.5 microsecond due to 2 ·MHz 

clock frequency. 

For the variable delay, a constant,in the delay 

routine,is changed. This .kind of delay is used in the 

acceleration-maximum speed-deceleration routine to provide 

different speeds. 
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v . CONCLUSION 

Presently the automa~ion has led '. to the improvement 

in production processes, thereby needing minimum manpower. 

The advantages are, that the whole process once set up, can 

be executed repeatedly at hi·gher speeds than is possible 

with an operator, mechanically doing the settings. 

During the realization of the prototype, some proble~s 

were encountered but all of them were eliminated, for instance, 

for the mechanical assembly the most important thing was the 

backlash of the system, wh~ch was eliminated by a great deal 

of precision on the part of the mechanic. Also,in the same 

case certain methods to prevent backlash ( e.g spring system, 

adjustable nut) could be utilized. Keeping in mind that it 

was better if the bearings at each end of the lead-screws 

were of the type that can move in their housing freely, bearing 

of such a nature could have been used. In addition to these, 

the alignment of the mechanical assembly had to have some 

adjustment points to provide smooth movement. In the developed 

system this was solved by the expertise of the mechanic. 

The other important thing was the selection of step­

per motors. Since, prior to this selection it was not known 

how much torque, a mechanical assembly would need, the stepperl 

were chosen from powerful series which generally have low 

speed, high torque characteristics. This aspect resulted in 

success by means of the designed drive circuitry. 

The designed system shows an effective use of micro­

processors in the industrial field. The objective was to 
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realize a system that needs minimum interaction of the user 

and to give accurate results. The system performance provides 

the above mentioned properties. The user r~ can design his/her 

circuits freely and also due to system resolution, it can fit 

the mask pattern. The scan time, though, could be reduced 

considerably if motors of high speed ( motors with a speed 

of upto:.4000 steps/sec, rather than the ones used with a 

speed of 835 steps/sec) more suitable,were selected. The 

scanning process for a Eurocard takes about 17 minutes, which 

1s considerably short.:' a time due to the right and efficient 

usage of the software. By using the optimum path concept, 

this reduction in time is achieved. 

The system can work as a drilling machine with some 

mechanical modifications such as the detector, the lamp and 

the glass plate can be replaced by a drill set to perform 

the drilling operation. 



66 

A P PEN DIe E S 



APPENDIX A 

OPERATING INSTRUCTIONS 

1. How to Prepare The Dot Mask 

i. After the printed circuit layout is drawn, it is placed 

on a paper which has 0.1 inch divisions (as shown below fig.). 

On these two, the clean transparency is·located. 

Layout 

be drawn on t: 

transparency. 

ii. The frame lines of the dot mask are drawn such that 

every side of the mask frame is 0.1 inch greater than the 

frame of the layout. Frame-line thickness of 0.1 inch is 

considered to be enough and it is advisable to use a drawing­

pen with black ink (e.g Rapido 0.5 mm). 



iii. ,Hole positions are marked on the transparency by 

locating them at the nodes of the grid pattern. One more 

hole can be 'marked between each node of the grid pattern 

shown in the previous page, because the scanning resolution 

of the system is 1/20 inch. 

If there are any hole positions on the layout which 

do not coincide with the nodes of the grid pattern, they 

should be placed on to the closest node. 

After the dot-mask is prepared, it is correctly 

placed onto the glass plate, matching the upper right corner 

of the dot-mask frame to the right-angled marker on the glass. 

2. Running The System 

i. System is switched on. Power on-reset runs the reset 

program and Halt LED is turned on at the end of this program. 

Then using the manuel control switches, the detector is 

placed somewhere in the dot-mask frame ( i.e X-Y table is 

positioned in such a way that Detector points somewhere in 

the dot-mask frame). 

80 

Control Panel 



69 

The functions of the buttons are as follows: 

Button ST · START • 

:Button STP · STOP • 

Button NMI · Emergency stop · 
:Button 1 • X-lviotor control (stage moves in neg-X direction) • 

Button 2 · X-Motor control (stage moves in pos-X direction) • 

Button 3 · Y-Motor control (stage moves in pos-Y direction) · 
Button 4 Y-Motor control (stage moves in neg-Y direction) 

li. Pressing the ST (Start) button starts the scanning and 

detection program and at the end, stage takes its original 

zero position (at the upper right corner) and HALT LED turns 

on. 

iii. Now ST button commences the drilling program. At each 

drilling-hole-position, stage stops, a LED flashes for a few 

seconds to simulate the drilling operation. 

1 v. Afte·r completing the drilling process of all holes, 

s~age moves to zero-position and stops. Drilling process 

can be repeated as desired by pressing the ST button. 

v. For a new dot-mask-scanning process, RST(Reset) must 

be given to the system, then same order (from ii to iv) ls 

followed •. 

In case of emergency, NMI button should be pressed. 
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Part List of X-Y Stage Scanner 

L Stepper motors 

2. Linear motion bearings 

3. Lead-screws 

4. Base plate 

5. Intermediate Y-plate 

6. Y-plate 

7. Intermediate X-plate 

8. X-plate 

9. Glass plate 

10. Support for lamp and photo-detector 

11. Photo-detector system 



APPENDIX D 

Z-80 CPU ARCHITECTURE 

A block diagram of the internal architecture of the Z·80 CPl1 is shown in figure 2.0·1. The diagram 
shows all of the major elements in th~ CPU and it should be referred to throughout the following 
description. ' 

13 
CPU AND 
IYSTUl 
CONTROL 
SIGNALS • 

CPU REGISTERS 

INSTRUCTION 
DECOOE ' 
& . 
CPU 
CONTROL 

CPU 
CONTRO~ 

-
2-80 CPU BLOCK DIAGRAM 

.fIGORI: 2.0-1 

.-

---

.. The Z·80 CPU cont~ins 208. biu of R!~' memory th.at are accessible to the programmer, Figur!' ~.O:~ 
ilIustrates)lOw this memory is configured into eiFhteen B-bit regi~lm and four 16·bit registers All Z~D 
registers are implemented using stalic ~AM. The regis:er, include twO 5eh of six !ellera!-r.urpo~r rep~lels 
that may be used indiVidually as 8-bit registen 01 in P"ITS as 16-bil retisttrs. There ;IIC, al!.:., I ..... e' 5:t, of 
ac:umulator -end nag repsters, ' .' 

. Specil!1 Purpose Regisl:rs • 

I. Program Counicr (PC). The program counter holds the It.,bit address (\f the cunent instruction b~ing 
fetched from memo!)'~The PC is automatically Incremented after its contents han h..··N\ translemd 
to the address hntS. When a program jump o:curs the ne" value is automallcally pla;:ed in the PC. 

,ovemdulf the incrementer. 

2. Stack Pointer (SP), The stack pointer hold~ the J trbit addre~ of the current top of a stack located 
anywhele in external syslem RAM memory. The cxtelllaf stack memory is or~aniud as a last,in fint. 
out (UFO) me. Data can be pushed onto the stac\'. from specific (Pllrt!ti~ters or poppe: of! of the 
stack inw spedfie CPU resister~ through the execution (,rPlISH and pop iml!urtiom The d31;; 
popped fronl th( stack is aJw~ys tht Ia5t data puslted 0:-"0 it. Th~ ~ta.:l .. allow~ simp!! Impler.:rnt"tILlT, 
of multiple leve! interrupts, unlimited subroutine n'esling and simpliftcation of many types of data 
manipuhtkn. 
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MAIN REG SET AL TERNATE REG SET 

I '" '.J '" , 
ACCUMULATOR FLAGS .-"CCUIofULATOR FLAGS 

A 

B 

D 

H 

F A' 

C B' 

E O· 

l H' 

INTERRUPT ! ... E ...... ~·~v 
VECTOR RE'":SH 
I R 1 INDEX REGISTER II( 

-1 
INDEX REGISTE" ,y .~ 
5T ACK POlllTE R SP 

PROGRAM COUNTER PC 

> 

F' 

C-

E' 

l 

SPECIAL 
PURPOSE 
REGISTERS 

Z·80 CPU REGISTER CONFIGURATION· 
FIGURE 2.0·2 

} 

GENERAL 
PURPOSE . 
REGISTERS 

3, Tv. 0 Inde.\ Registers (IX &. IY). The two i:ldq:"!:"Jent index ,egisters hnld a !6·bit base a.!dress that 
i:> ux:~ in l:iJ-: ,~d JJJr:"::'<;lng r:1vdes. In th 15 nh)..!C. an index registe r IS u~('J as a base :0 ~,)tnt to a 
ree:ion in !U~m'Jry frilm ... ·h.,to data is to be "'~lred or retrieved. An addr:lona! ~yte is induded in 
mdexed mmu,tions to speciiy a displacement irom this base. TIllS displacement Is specified as a two'~ 
complement signed integer. This mode- of addressing greatly simplifies ma-ny types of p/Ograms. . • 
espc~iall)' v.h.ere tables of data are JlSed. • 

4. Intllmlpt Page Addrer..~ R~ster (I). The Z-80 CPU can be oyerated in a mode where an indirect can -
. to an~ memory h)Cahon can be achievetl in r~sponse to an intenupt. The i Register is used for this 
PU!pO~~ tn .tore theJ;igh order 8·bllS oi the indirect address v;'hile the interrupting dence pro\ides tRe . 
l"we: ~4iib of lite 3ddres~. This feature alloy,; interrupt routlneuo be d,nami.;a1l5·IG.:ated anywh~re. 
in memory with absolute mir.imal access nme to the routine.~ _~ - . --. ' 

S, Memory Refresh Re~ter (R). The Z-BO CPU co;t~i~s a memory refrtSt-. counter-to en3ble dynamic _ 
memories to be used with the same ease as static memories. Seven bits of thb B bit repster ire autQ­
maticall} tncremenle:! ~fter e~ch instruction fetch. nie eighth bit will remain as programmed ~ the 
resul! of an LD R. A instruction. The data in the refresh count~r is sent out on the lower portion of 
tni: address bus alang with a refresh cont,roi"signal while the CPU is decoding and executing the fetched 
instruction'- This mode of refresh is totallv transparent to the programmer and does not slow down the 
CPU operation:- The programmer can ~oad the_ R register for' testing purposes. but this register is normally 
-not used by the prograffiJ1ler. During refresh, the contents of the 1 register are placed On·the upper 8 bits of 
the address bus. . 

Accumulator and Flag Registers. 

The CPt! Includes two Independent B-bit accumulators and associated 8·bit flag registers, The a~cumu· 
larOl holds the rewl!~ of 8-bit anthmelic or 10g.I~al operatiom while the Oag register indicates speCIfic 
ciJnditiom ior 8 or 16·bit op-;:rations. such as indicJting whether or not the result of an operation I~ equal 
to zerQ. TIle programmer sele.:ts the accumulator and flag pair that he wishes to work vmh with a single 
exchange instruction so that he may easilyv.·ork wah either pair., 

7t: . .-



General Purpose Registers 

TIlere are two matched sets of general purpose refister~. each set containing six S·bit regi~ters that 
ma~ be used indl\ldu~lIy a~ f)·bit registers or as I&-bn regis!.: pali! by the programmer. One sel ts cal:ed 
Be. DE and HL " .. htle the complementary set is cailed OC', DE' and HL'. At anyone time the programmer 
car sele.:t either SCI ol registers to work with th!O:Jgh a sing~e exchange command for the entire set In 
sy~tetm where fast Interrupt response is required. one SCI Of ~neral pu~p0se repster~ and ar. ~,cumulat{)r! 
thg regi~ler may l>e rc~erved for handling thiS VCI) fast routl~.e Only a simple exchange commands need be 
exe,uled io go betv.cen the routines. This greatly reduces inerrupt service time by eliminattng the require· 
men! fur s3\'inf and tetrieving register contents irthe e),terr.i stack du~ingjnterrupt or subroutine process· 
inf:These gener"l purpl1se registers are used for 2 "'ide range (:r applications by the programmer. They ahl' 
simp\Ji~ plIlgTJmming. espe.:ially in RO"'l based s:, sIems whc~;, hille ex:emal read 'write memory is 
3\;,ibt-1r . 

ARITHMETIC & LOGIC UNIT (ALU) 

TIle H·bt 3mhmetio: and logical.instructionl of the. CPL are executtd in the ALL'. In temally tlte ALl' 
com~lUllIc3tc~ WIth the registers and the external data bus or. the intema! data bu~. The 'type of functiom 
performed by the ALU include: 

Add. Left or right shifts or rotates (arithmetic and logical) 

Subtre,'t 

logi;al Al"D. 

Loglc:IIOR 

L9gi.:~! E~dusive OR 

• Compare 

-Ill.rement. 

De.:rement 

~!bi: 

Reset. bit 

.- Trs: bit 

INSTRUCTI.PN REGI~T~R AND CPU. CONTROL 

.A~ ea.-fi m~!rll.:tiun i~ fet.:hed frorn mem,'~ It i~ rb;t: In the instructi'.'11 regl.>I" ane drdoJeo Tt,(' 
_ contllll sertio~\~ p;;.rfurms this funcl.ion~aRd the!' t!":nerates ar.~ supplies all of the control signals necessary 

to read or write d,Ha from orio tneregisters, con:~oll~e At \.' aud pronde all required eXtt"rn .. 1 control 
5J~r.4I~, . -
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Z-80 CPU PIN DESCRIPTION 

The Z-80 CPU is packaged in an industry sWldard 40 pin Dual In-Line Package: The 1/0 pins are shown 
in fIgUre 3.0·1 and the function of each is de~:ribed below .. 

;;, 
MRTIi 
i5Rl5 SYSTE" 
R5 co·.rROL 
Wi 

ii1Sii 

HAlT 

.cpu· 
COHTROL iN'f 

NMi 

I!ffiT 

BUS -CPU <~ 
t:OmROl rum 

---

Ao'~15 
(Address Bus) 

--Ml 
(Machine Cycle one) 

MREQ 
(Memory Reques:) 

+-
+5V 
GNO 

71 

" 20 

21 
22 

:II ,. 

'" 

Z-80CPU 

.' . 

30 
Ao 31 

32 
AI 

33 ~ ,.. "3 

35 
A. 

"5 
36 

~ 
37 A7 
JB At 
39 -'II 
&0 

AID 
1 All 
2 

:I 
A" 

• "13 

",. 5 
•• A'5 

,. - DO 
1~ 

.... -,2--1~ 0 , 

~-.--I~ O2, 

.... ..:7~~ 0 3 

.... :-'.:..... ..... O • 

.... ..:'0:......-- 06 
13 06 ..... ..;;;...._°7 -

:Z.so PIN CO~FIGURATroN '. -
fIG.uRE 3.G-' 

AOOIIESS 
BUS 

Trl'state owpul,i,tive high. AO·A 15 con~titute a 16-bit ~ddress bus. The. 
addreu bus pro\ide; the address fOI memory (lip to 64K bytes) d.tll . 

_ ~xchanges and f:o. 1 '0 dc\ice data exchange~. I/O addressinr lI~e~ th: 8 lo .... er 
addre~s bits to alk'\>. the u~rl LlYdlfet:lly stleet up t(. :.'56 Inru: 0; :256 outr~: 
porh. Ao il. the le~: sittmflcar.: 3ddress bit. During refresl-, lime .the lowo 
7 bits contain a vah:! refresh addr~s, . 

. 
TJi·state input/output. a~tive high. DO·DJ constjtute an 6-bit bidirectional 
ciata bus. The ~au bus is used fOI data exct..nges with meno!)' and 110 
devkes~ 

OutPUl, active 1()\Io ifi indicate~ that the cum:nl machine c.vc:kis the or 
code fetch cycle of !:l!..imuuction execution. Note that dUfJnE execution 
'of 2.byte op-codu. MIlS gf nerated as each op cod( bytf 1.\ fetched Thc5t 
two byte op':code~ al .... -ays bcpr. with CBH. DOH, EDH 01 FDH. Ml also 
occurs with 10RQ to indJ~, tf an lllterrupt acknowledge cycle. 

Tri·stalc output, acth'c low. TIe memory request sipal mdi;ates dUll the 
addres~ bu~ hold~ i valid add", is fOI a memor)' read (If memo!)" Write 
operation. 
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APPENDIX E 

INTRODUCTION 

The ~80 Paralle! I/O (p10. Circuit is a programmable. two port device which provide~ a TTL 
compalible interface between pe~pheral de\ice~ and the Z&O.cPL'. The CPU can configure the ZbO·PIO 
to interface WIth a wide range o~ peripheral de\'i\:es with no other eXlernallogi.: required. Typi.:a! pertpheral 
devices that are fully compatible ,.ith the ZSO·PIO include most keyboards, paper tape readers and 
punche~. printers, PRO~1 progrr.::ners, etc. The ZBO·PIO utili2e~ I' channel silicon gate deplclI_'" load 
technology and is packaged in a 40 pin DIP. Major features of the lSO·PIO indudc' 

• Tw" independent S bit t-idmctional peripheral interface ports with 'handshake' data transfer 
control 

• Interrupt driven 'handS:~;"e' for fast response 

• AnY' one of four distin:~ modes ofoper3l1on may be sele':led for a port including' 

Byte outpul 

Byte inp~l 

Byte bidtre:tional bl-I (A\'ailable on Port A only) 

Bil control mode 

All with interrupt controlled pandshake 

• Daisy chain priority interrupt logk included to pra"\;dc for automatic interrupt vectoring withou t 
extemal10gic ••.• 

.. Eight outputs are capabk of driving Darlington transistors 

• All inputs and OUtpU1S f~I!y TTL comp'atible - . 
• Single 5 volt supply 'anc 5I.::gle phase dock are reqUITed. 

. 
One'of the unf'qu~ freatures cf the ZSO·PIO thaKeparat~s it froRl other interface controlle~ is that all 

dat:rtransfer between the periphf:4~ d~\Ke and the CPL' i~ a~comp!i;h~d l;lldr' JO:.,: Illterruu~ ,(·~.:·0\ Th~- .' 
m!! mrp! I oiL "(.( the riO pcrmiu ; .. ll usage uf tht efh.:itnt interrupt .:aJ'Jbhm'. l)1 lht ZbO·(Pl dunng 1·0 
transfers .MlluglC rie.:e~ary to implement a fu!ly nested il!lerrupt stru,lure i~ m.:luded.i:: the PIp SCi tha: 
additional cir.:uits arc IWI require': A:101her unique fea!l!r~ 0: tr!, PIO I~ tl:;>: it...:a~ ~ prog:a:nmEC til 

- int'enupt the- CPl: on.ll.e occorrc..;~ ~f sptcifu:c slatus condlt .. om In the ytnpher:il devke. Fllt example. 
- the PIO can be Pto.£ramm~a to inltr:upJ if an; specifie-<! peripheral.alarm conditions should oc;:ut:-Thl:> 

interrupt. cap':lbillt~ reduces the ar:..:lunt of. time that the prQ.;'eSSOI must spend in p01ling pcripheri:1 status. 

'-. 

" 
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PIO ARCHITECTURE 

A block diagram of the ZW-PIO is shown in Fipre 2.0·1. The internal structure of the Z80·P10 
consists of a Z8O-CPli bus inte r.a;e. internal con tro~ logic. Port A I/O logic, Port B 1/0 logi=, and interrupt 
control logic. The CPU bus inte~ace logic allows the PIO to interface directly to the Z8().CPU with no 
other external logic. However, a:!dress decoders and 'or line buffers may be required for large systems, The 
internal control logic synchronizes the CPU data bus to the peripheral device interfaces (pori A and Port B). 
The two 1/0 ports (A and B) are virtually identical and are used to interface directly to peripheral devices. 

~IIIFAC£ { DAT_A_ • ...::;.-~· ~ 
PlO, CONTROL 
LINU· • 

'. 

~. 

POftT 
A 
110 

FIGURE 2.(} 1 
PtO BLOCK DIAGRAw'. 

• DATA OR CONTIIOl 

}H'AND$HAKE 

PlEIIIPtlERAL 
INTlIIFAC£ 

• DATA OR CONTROL 

}H6Nt>S~k~ _ ~ 

.' 

_ Th~ Port lio logic is comp;)Se<\ of6 :!is!m ~1L~ "'handshake" control1ogic as showr. 1n FiEuu 2,0·2, • 
The reglSler; iudude an 8-bit dl:l input reg:;ster, a~n ~,tit data output-repster, a 2 bit mode conlrol 
rcgistei, an b bit m~sk register, an ti bit input;' output If~ct.register, an~ .-2 .bit ~sk c~ntro~rc~S1.er. 

l 

FIGURE 2.(}2 
PORT 110 BLOCK DIAGRAM 

.,n 
""''''''UlAL· 
,l)AlAOF.' 
(X)hl "0,- au1. 
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CPU 
DATA 
BUS 

PIO 
CONTROL 

INH •. RR-UPl { 
CONTROL _ 

. , 

PORT BfA SEl 

CONTROUOATA SEL 

CHIP ENABLE 

Mi 
i'ORQ 

RO 

GNO 

4 

TN'i 
'NT E"'ABLE \fi 

.NT E""'BLE OUT 

-

19 

20 
1 

40 
. 39 
. 38 

3 

2 

6 

-·5 

• 
37 
36 

35 

26 

." 
25 -
23 

24 
22 

-

289' fIlo . ,- -

-
- -

- -. . . -- -. . - -. 
--

- . 
-

fiGURE 3.~' 
pio PIN CONFIGURA110N 

. -- -

. 

. - -- -

15 
14 

13 

1:1 
10 

9 

8 

7 

1B 

'6 . . . 
27 

2S 

. 29 
30 

31 

3: 

f-~ 
34 

2' -
,7 -

-

A ROY J. 
ASTB 

B RDY 

B STjl 

1 

PORT A 
I/O 

POF'T E 
lie 
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APPENDIX F 81 

Stepper ~otor Drive Card 
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0000 0 

0 0 0 0 
0 00 00 0 

0 
0 

0 0 
0 

0 

0 

.0 

00 0 

o 0 

o 

o 

o 0 

o 0 

••••••••• 

..~ 

I'C 0 

00000000 

(Component side) 

Z-80 ~icroprocessor Card 

o 



8~ 

(Solder side) 

Z-BO Microprocessor Card 



+ 

" ~ 
~ 
,~ 

-_. .-._--_ .. '::" 

~ ---_. 

l·---·~~~L:--r" -~-'--_~~~W;--'l 
~-, 

+--c::r--L- 1 

+ 
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No 

APPENDIX H 

Frame Line Detection Program 

(A) 

No 

HL ...-YTEP4 

B -¢4 

A -+-- (HL) 

PORT¢ -.E--- A 

DELAY 

HL +--HL-1 

C-c--C-1 

No 

No 

DELAY 
(1s.) . 

HL~YSTEP1 

B~ 4 

A---(HL) 
PORT¢-E- A 

DELAY 

HL"'*-HL+1 

(c) 

85 

Yes 

CF~1 

C *-11 H 



No 

Yes 

(0) 

STOP 

DELAY (1s) 

HL~XSTEP1 

B~¢4 

A~(HL) 

PORT¢~A 

DELAY 

HL-<-HL+1 

A<.--PORT 1 

STOP 

DELAY 

HL~XSTEP4 

B~¢4 

(E) 

86 

No 



(D) 

A-4--(HL) 

PORT¢ -<-A 
DELAY 

HL-4-HL-1 

No 

STOP 
DELAY 
(18) 

No 

FRAME-LENGTH 
DETECTION 

PROGRAM 

87 



Frame-length Detection Program 

L~¢ 

DELAY 
(1s) 

XLNGTH +-L- 2 

XPATH~L-15H 

PATH~XPATH 

WAY-L 

CALL f;1VINXR 

DELAY 
(1s) 

( F) 

Yes 

88 



(F) 

WAY~¢1 

CALL MVINYD 

L~L+1 

A~PORT 1 

STOP 

DELAY 

(1s) 

YLNGTH---L-2 

YFATH~L-15H 

PATH~YPATH 

WAY~L 

Yes 

CALL MVINYU 

DELAY (18) 

es 

XPATH-E--XPATH-2 

YFATH-+- YFATH-2 

XINC --E- XLNGTH+ 1 

XL2 -+- XLNGTH+2 

SCAN PROGRAM 
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CSCAN 

ROUTINE 

(H) 

Scanning Program 

No 

No 

L~YLNGTH 

CALL STORE 

C~¢BH 

Move and acce­
lerate 1 grid 

CALL STORE 

C~XPATH 

Move at max. 
speed 1 grid 

CALL STORE 

No 

C~¢AH 

Decelerate & 
move 1 grid 

(G) 

90 

(Sp) 



(H) 

SRTNZ1 

(G) 

CALL STORE 

No 

CALL LASTST 

STOP 
·DELAY (0.1s) 

WAY-::--¢1 
CALL MV1NYD 

DELAY (0.1s) 

L~L-1 

Yes 

CALL STORE 

Move in neg-X 
direction running 
program from to 

STOP 
DELAY (0.1s) 

WAY--E-¢1 
CALL fwiV1NYD 

DELAY (0.1s) 

L<=--L-1 

(I) 
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(I) 

Yes 
.... 1 

No 

SRTNZ2 
(SF) 

Constant speed scanning (CSCAN) Routine 

WAY<,-¢1 
CALL HVINXL 
CALL STORE 

STOP 
DELAY (0.1s) 

WAY--¢1 
CALL NV1NYD 

DELAY (0.1s) 

L~L-1 

(J) 
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SRTNZ2 

(J) 

WAY1-¢1 

CALL MVINXR 
CALL STORE 

STOP 
DELAY 

(0.18) 

No 

WAY~¢1 

CALL MVINYD 
DELAY (0.18) 

(ST) 

93 



No 

EXX 
Reg. & Flags 

No 

Store Routine 

Exchange· 

Registers & Flags 

A~PORT 1 

B ~(LOC2) 

RRC B 
A. (OR).B 

LOC 2 <--A 

LOC1~ LOC1-1 

A~ (LOC2) 

RRC A 
STAM~A 

STAM <-- STAM+ 1 

LOC1 ~¢8 

LOC2 ~¢¢ 

EXX Reg. & Flags 

Return 

LASTST ROUTIl';']: 

A--(LOC2) 

RRC A 

94 

LOC2<-A 



CALL MVINYU 

SRTNZ1 Routine 

,---_ .. _----, 

No 

No 

DELAY (18) 

CALL XRACC 

SRTNZ2 Routine 

DELAY (18) 

WAY..-YLNGTH 

PATH~YPATH 

CALL YUACC 

STOP 
DELAY (18) 

DRILL ROUTINE 
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Drill Program (For odd .lines) 

No 

No 

B~9¢ H 

HL~872D H 

(HL)~¢¢ 

HL<--HL+1 

C-+-(XINC) 

(OLDX)~A 

D~(YLNGTH) 

HL"'*- STRAM 

IX~FRSTIX 

BIT X, HL 

C~C - 1 

IX-E-.IX-1 

(LASTIX)---IX 

HL<--HL+1 

(SAVEHL) -HL 

IX-FRSTIX 

No 

96 
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No 

No 

A~(FRSTIX) 

E~(OLDX) 

B-- (FRSTIX) 

E---- (LASTIX) 

A--( OLDX ) 

(SRIGHT) I-------~ 

Yes 
SRMOVE 

E...--( OLDX ) 

A~(FRSTIX) 

K-E-- A-E 

SRIGHT 

Yes 

Yes 

Yes 

SLEFT 

Yes 

SRZERO 

t---------~. (HLMOVE) 

E-(FRSTIX) 

A- ( OLDX ) 

Cont. 
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(SRZERO) 

(WAY)~A-E 

H~A+DSTP 

(PA-TH)--(WAY)-H 

CALL nACC 

SRZERO 

(SRMOVE) 

(WAY)----K 
H~A+DSDP 

(PATH)~(WAY)-H 

CALL XRACC 

CALL DRILL 

IX ---FRSTIX 

No 

Cont. 

98 

No 

No 

Yes 



(SFRTL) 

E-(IX+1) 

A--- (IX+¢) 

(SAVEIX)---IX 

(WAY)~A-E 

H~A+DSTP . 

(PATH)~(WAY)-H 

CALL XLACC 

CALL DRILL 

IX~ (SAVEIX) 

IX~IX+1 

(SLEFT) 

IX ~ (LASTIX) 

E......, (IX) 

A ~ (OLDX) 

K~A-E 

(RLM) 

99 

No 

Yes, 

FTRAC 

Yes 

SLZERO 



(SLZERO) 

(RLM) 

E~(OLDX) 

A~(IX) 

(WAY)~A-E 

H-oe-- A+DSTP 
(PATH)~(WAY)-H 

CALL XRACC 

SLZERO 

(SLMOVE) 

(WAY)<--K 
H~A+DSTP 

No 

. (PATH) <-- (WAY)-H 

T 

CALL XLACC 

CALL DRILL 

IX<:--(LASTIX) 

Yes 

(SFLTR) . 
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(SFLTR) 

E~(tX+¢) 

A~(IX-1) 

(SAVEIX) -+--IX 

(WAY)~A-E 

H-..!--A+DSTP 

(PATH) ~ (WAY)-H 

CALL XRACC 

. CALL DRILL 

IX~(SAVEIX) 

IX~IX -1 

(OLDX)~(IX) 

CALL MOVIKY 

D--D - 1 

B~9¢ H 

HL......-S72D H 

Cont. 

101 

SFLTR 

Yes 



HL---- ¢¢ 
HL~HL+1 

C~(XINC) 

HL -<- (SAVEHL ) 

IX~FRSTIX 

(RETURN) 

E~(OLDX) 

A~ (XINe) 

(WAY)-A-E 

No 

Drill Program 

(For even lines) 

SRTNZ2 

The same flowchart (which is written for odd lines) 

can be used, with certain changes, for the even lines also. 

These changes can be understood by looking at the related 

sections of the drill program listing. 
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Acceleration Routine 

No 

H~¢¢ 

IX~¢7A¢ H 

E~¢4 

A~(IX) 

A~PORT ¢¢ 

E~(IY) 

VARIABLE DELAY 

IYc£--IY+1 

C<-- C-1 

IX-E--IX+1 

E~E-1 

No 

103 
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,Constant Speed. Routine 

J 
J .. 

H<-¢¢ 

""-

If 

IX~¢7A3 H 

B~¢4 

A~(IX) 

A~PORT ¢¢ 

DELAY 

" 
H~H+1 

Yes 
H :l 5¢ H 

No 

IX~IX - ~ 

B~B - 1 

B ~ ¢ 
No 

Yes 
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¢¢¢¢ XLNGTH: EQU 87F¢H ;Me •• rY location for X-length. 

¢¢¢l XPATH: EQU 87FIH ;Memory location for X-path 

¢¢¢2 YLNG!H: EQU 87F2H ;Memory location for Y-Iength 

¢¢¢3 YPATH: EQU 87F3H ;Memory location for Y-path 

¢¢¢4 XSTEPI: EQU ¢7A¢H ;Location of first X-motor const 

~¢¢5 XSTEP4: EQU ~7A3H ;Location of last X-motor consta 

¢¢¢6 YSTEPI: EQU ¢7B¢H 'iLocation of first Y-motor const 

¢¢¢7 YSTEP4.: EQU ¢7B3H ;Location of last Y-motor consta 

¢¢¢8 

¢¢¢9 

¢¢l¢ 

¢¢ll 

¢¢12 

¢¢13 

~¢14 

¢¢15 

¢¢16 

¢¢17 

¢¢18 

¢¢19 

¢¢2¢ 

¢¢2l 

¢¢22· 

~¢23 

¢¢24 

~025 

¢¢26 

¢¢27 

¢¢28 

XINC 

XL2 

:WCl 

:WC2 

EQU 87F4H 

EQU 87E8H 

EQU 87F5H 

: EQU 87F6H 

STAN : EQU 87FAH 

SAVEHL : EQU 87EEH 

SAVEIX : EQU 87FCH 

LASTIX : EQU 87F8H 

OLDX : BQU 87ECH 

FRSTIX EQU 873¢H 

PATH 

WAY 

s~rRAM 

A+DSTP 

ACOUNT 

DCOUNT 

COUNT 

LY~E 

STEP 

GRID 

: EQU 87F7H 

EQU 87EBH 

: EQU 8¢¢¢H 

EQU 15H 

: EQU ¢BH 

EQU ¢AH 

: EQU ¢4H 

: EQU ¢8H 

: EQU ¢lH 

EQU 5¢H 

JlJ.AXSPD ::EQU 12H 

;Location of incremented x-lengt 

; "of twice " . x-length 

iLocation of byte count 

;Location of incomplete store b~ 

;Starting address location of me 

;Location to save HL registers 

;Location to save IX register 

; n to store last IX conten~ 

. , 

. , 
11 

" 

to store old position of 

to store first IX contenl 

;Location to store dist~nce patt 

;Location to store length way 

; Starting address of RAl"; 

;Sum of acceleration+dec. steps 

iAcceleration steps 

;Deceleration steps 

;Motor pulse sequence steps 

;Bit count in a byte 

;One step length 

iOne grid length,80D steps 

;Maximum speed constant 



. \ 

¢¢29 LD IX, 87F5H 

¢¢3¢ LD (IX+¢¢), ¢8H 

¢¢3I LD (IX+¢I) ,¢¢H 

¢¢32 LD HL,8¢¢¢H 

¢¢33 LD (STAfvl) ,HL 

¢¢34 NGY · LD HL,YSTEP4 ; Frame Detection Program . · 
¢¢35 LD B,COUNT 

¢¢36 OUT · LD A, (HL) ;Move in 4-step sequence • 

¢¢37 OUT (PORT¢) ,A ;and input data 

¢¢38 CALL DLY 

¢¢39 DEC HL 

¢¢4¢ DJNZ OUT 

. ¢¢4I JP NC,INI 

¢¢42 DEC C 

¢¢43 JP 2, STOP 

¢¢44 IN A, (FORTI) 

¢¢45 BIT ¢,A 

¢¢46 JP NZ,NGY' 

¢¢47 CCF 

¢¢48 JP NGY 

¢¢49 INI · IN A, (PORTI) · 
¢¢5¢ BIT ¢,A 

¢¢5I JP Z,NGY ;If input is zero continue 

¢¢52 LD C,IIH ;to move,if not move 68 mOl 

¢¢53 SCF ~ ;steps to determine the del 

¢¢54 JP NGY 

¢¢55 STOP· · XOR A • 

¢¢56 OUT (PORT¢),A 

-¢¢57 LD B,FFH 
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. ¢¢58 DELl : CALL DLY 

¢¢59 DJNZ DELl 

95¢6¢ LD C,29H ;I1ove out from the upper frame .. 
¢¢61 PSY · LD HL,YSTEPl • 

91¢62 LD B,COUNT 

. 95956:; OUT:; · LD A,(HL) • 

95¢64 qUT (PORT¢), A 

95¢65 CALL DLY 

·959566 INC HL 

95¢67 DJNZ OUT:; 

95¢68 DEC C 

¢¢69 JP NZ,PSY 

95¢7¢ XOR A 

95¢71 OUT (PORT¢), A 

¢¢72 LD B,FFH 

¢¢7:; DEL2 · CALL DLY • 

¢¢74 DJNZ .DEL2 

¢¢75 NGX · LD HL,XSTEPl ;Search for the right side · 
91¢76 LD 13, COUNT ; frame line. 

91'/;77 OUT2 · LD A, (HL) · 
¢¢78 OUT (PORT¢),A 

95¢79 CALL DLY 

¢¢8¢ INC HL 

95¢81 DJNZ OUT2 

~¢82 IN A, (FORT1) 

¢¢8:; BIT (6,A 

¢¢84 JP Z,NGX 

95¢85 XOR A 

¢¢86 OUT .c:PORT¢) ,A 
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¢¢87 LD B,FFH 

¢¢88 DEL; : :CALL DLY 

¢¢89 DJNZ DEL; 

¢¢90 LD C,2¢H ;t1ove out from the right side 

¢¢91 PSX · liD HL,XSTEP4 ; frame • 

¢¢92 LD ::B,COTINT 

. ¢¢9; OUT4 · LD A, (HL) • 

¢¢94 bUT (PORT¢),A 

¢¢95 CALL DLY 

¢¢96 DEC HL 

¢¢97 DJNZ OUT4 

¢¢98 DEC C 

¢¢99 . JP NZ,PSX 

¢l¢¢ XOR A ;Stop on the ... zero pOSJ..~1021 

¢1¢1 OUT (PORT¢),A ;location 

¢1¢2 LD B,FF 

¢l¢; DEL4 · CALL DLY • 

¢1¢4 DJNZ DEL4 

¢1¢5 FRLGTH · LD L,¢¢ ; Frame length program · 
¢1¢6 LD A,STEP I . FPSX · ;I"1easure x-length · 
¢1¢7 LD (",lAY), A 

¢1¢8 CALL MVINXL 

¢1¢9 INC L 

¢ll¢ IN At (PORTl) 

¢lll BIT ¢,A 

¢112 JP Z, FPSX 

¢11; XOR A 

¢114 OUT (PORT¢),A· 

¢115 LD B, FFH 
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¢116 DEL5 . CALL DLY • 

¢117 DJNZ DEL5 

¢118 DEC L 

¢li9 DEC L 

¢12¢ leD DE,XLNGTH 

¢121 LD A,L 

¢122 LD (DE),A 

¢123 INC L' 

¢124 INC L 

¢125 LD A,L 

¢126 SUB A+DSTP 

(iS127 LD (XPATH) ,A 

¢128 LD (PATH), A 

¢129 LD A,L 

(iS13¢ LD (WAY) ,A 

¢131 CALL Z,MVINXR 

¢132 JP Z,DLX 

(iS133 CALL C, MY INXR 

¢134 JP C,DLX 

¢135 ,CALL XRACC 

¢136 DLX · LD B,FFH · 
¢137 DEL6 · CALL DLY • 

¢138 DJNZ DEL6 

¢139 LD L,¢¢ 

¢14¢ FPSY • lJ) A, STEF ;Heasure y-length · 
¢141 LD (WAY) ,A 

¢142 CALL MVINYD 

¢143 INC L 

¢144 IN A, (PORTl) 
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¢145 BIT ¢,A 

¢i46 JP Z,FPSY 
, 

¢147 XOR A 

¢148 OUT (PORT¢), A 

¢149 LD B, FF.H 

¢15¢ DEL7 · CALL DLY • 

¢151 DJNZ DEL7 

¢152 DEC L 

¢153 DEC L 

¢154 LD DE, YLNGTH 

¢155 LD A,L 

¢156 LD (DE) ,A 

¢157 INCL 

¢158 INC L 

¢159 LD A,L 

¢16¢ SUB A+DSTP 

¢161 LD (YFATH),A 

¢162 LD (PATH) ,A 

¢163 LD A,L 

¢164 LD (WAY),A 

¢165 CALL Z,MVINYU 

¢166 JP: Z,DLYY 

¢167 CALL C,MVINYU 

¢168 JP C,DLYY 

¢169 CALL YUACC 

¢17¢ DLYY LD B,FFH 

¢171 DEL8 · CALL DLY · 
¢172 DJNZ DEL8 

¢173 LD A, (XPATH) 
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(6174 DEC A 

(6175 DEC A 

(6176 liD (XPATH),A 

(6177 liD A, (YPATH) 

(6178 DEC A 

(6179 DEC A 

(618(6 liD (YFATH),A 

¢181 LD A, (XLNGTH) 

(6182 INC A 

¢183 liD (XINC),A 

(6184 INCA 

¢185 liD (XL2),A 

¢186 SCANPR . LD A, (XLNGTH) ;Scanning Program . 
(6187 SUB A+DSTP ;Test for constant speed scanr 

{O188 JP Z,CSCAN ~or by acceleration 

{O189 JP C,CSCAN 

¢19¢ LD A, (YLNGTH) 

¢191 LD L,A 

¢192 CALL STORE 

¢193 SXPA · liD IY,ACONS ;Start scanning the first line • 
\ 

¢194 liD C,ACOUNT ;by acceleration 

¢195 SXPAH • liD H.¢¢ · 
(6196 SXPAR • LD IX,XSTEP4 · 
(6197 LD B,COUNT 

. ¢198 SXPAM · liD A, (IX+¢¢) • 

(6199 OUT (PORT¢) ,A 

¢2¢¢ LD E, (IY+¢(6) 

¢2¢1 CALL VDLY 

¢2¢2 INC H 
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¢2¢3 LD A,GRID 

¢2¢4 CP H 

¢2¢5 JR Z+9 

¢2¢6" DEC IX 

¢2¢7 DJNZ SXPAN 

~2¢8 JP SXPAR 

¢2¢9 INC IY 

¢21¢ CALL STORE 

¢211 DEC C 

¢212 JP NZ, SXPAH 

¢213 PUSH HL 

¢214 LD HL,XPATH 

¢215 LD C, (HL) 

¢216 POP HL 

¢217 SXAPH · LD H,¢¢ • 

¢218 SXAPS · LD IX,XSTEP4 ; Se anning ".ri th "maximum speed • 

¢219 LD B,COUNT 

¢22¢ SXAPIVI · LD A, (IX+¢¢) • 

¢221 OUT (PORT¢),A 

¢222 LD E, fllAXSPD 

¢223 CALL VDLY 

¢224 INC H 

¢225 LD A,GRID 
" " 

¢226 CF H 

¢227 JR Z,+9 

¢228 DEC IX 

¢229 DJNZ SXAPM 

¢2:;¢ Jp" SXAPS --.-": 

¢231 CALL STORE 
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¢232 DEC C 

¢233 JP NZ, SXAPH 

¢234 SXPD · LD IY,DCONS ;Start to decelerate • 

¢235 LD C,DCOUNT 

¢236 SXPDH · LD H,¢¢ • 

¢237 SXPDR · LD IX,XSTEP4 · 
¢238 LD :B,COUNT 

¢239 SXPD!wl · LD A, (IX+¢¢) • 

¢24¢ OUT (PORT¢),A 

¢241 LD E,(IY+¢¢) 

¢242 CALL VDLY 

, ¢243 INC H 

¢244 LD A,GRID 

¢245 CP H 

, ¢246 JR Z,+9 

¢247 DEC IX 

¢248 DJNZ SXPDM 

¢249 JP SXPDR 

¢25¢ INC IY 

¢251 CALL STORE 

¢252 DEC C 

¢253 JP NZ,SXPDH 

¢254 EXX 

¢255 EX AF,AF' 

¢256 LD HL,LOCl 
~ 

¢257 LD C, (HL) 

¢258 LD A,:BYTE 

¢259 AND C 

¢26¢ JP NZ, SXl 
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¢26I CALL LASTST 

¢26I ·JP SPI 

¢262 .SXI · EX AF,AF' • 

¢263. EXX 

¢264 SPI • XOR A ;Stop at the end of the line · 
¢265 OUT (PORT¢), A 

¢266 LD B,IFH 

¢267 SDELI · CALL DLY · 
¢268 DJNZ SDELI 

¢269 LD A,STEP 

¢27¢ LD (WAY) ,A 

¢271 . CALL J.rv INYD ;r1ove one grid dovln 

¢272 LD B,lFH 

¢273 SDEL2 · CALL DLY • 

¢274 DJNZ SDEL2 

. ¢275 DEC L ;Test , ... hether the card is 

¢276 JP Z,SRTNZI ;finished,if yes,return to 

¢277 CALL STORE ; zero position 

¢278 SXNA · LD IY,ACONS. ;if not,scan the next line • 

¢279 LD C,ACOUNT 

¢28¢ SXNAH · LD H,¢¢ • 

¢28I SXNAR · LD IX,XSTEPI • 

¢282· LD B,COUNT 

¢283 SXNAM · LD A,(IX+¢¢) · 
¢284 . OUT (PORT¢) ,A 

-~ 

¢285 LD E, (IY+¢¢) 

¢286 CALL VDLY 

¢287 INC H 

¢288 LD A,GRID 
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¢289 CP H 

¢29¢ JR Zt9 

¢291 INC IX 

¢292 DJNZ SXNAM 

¢293 JP SXNAR 

¢294 INC IY 

¢295 CALL STORE 

¢296 DEC C-

¢297 JP NZ,SXNAH 

¢298 PUSH HL 

¢299 LD HL,XPATH 

¢3¢¢ LD 0, (HL) 

¢3¢1 pop HL 

¢3¢2 SXDPH · LD H,¢¢ • 

¢3¢3 SXDPS · LD IX,XSTEPI · 
¢3¢4 LD B,COUNT 

¢3¢5 SXDPN · LD A, (IX+¢¢) • 

¢3¢6 OUT (PORT¢). A 

¢3¢7 LD E,l>1AXSPD 

¢3¢8 CALL VDLY 

¢3¢9 INC H 

¢31¢ LD A,GRID 

¢311 CP H 

¢312 JR Z+9 

¢313 INC IX 

¢314 DJNZ -SXDPM 

¢315 JP SXDPS 

¢316 CALL STORE 

¢317 DEC a 
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¢318 JP NZ,SXDPH 

¢319 SXND · LD IY,DCONS • 

¢32¢ LD C,DCOUNT 

¢321 SXNDH · LDH,¢¢ · 
¢322 SXNDR · IJ) IX,XSTEP1 · 
¢323 IJ) :S, COUNT 

¢324 SXNDM • LD A, (IX+¢¢) • 

¢325 OUT (PORT¢),A 

¢326 LD E,(IY+¢¢) 

¢327 CALL VDLY 

¢328 INC H 

¢329 LD A,GRID 

¢33¢ CP H 

¢331 JR Z,+9 

¢332 INC IX 

¢333 DJN Z SXNDfvl 

¢334 JP SXNDR 

¢335 INC IY 

¢336 CALL STORE 

¢337 DEC C 

¢338 JP NZ, SXNDM 

¢339 EXX 

¢34¢ EX AF,AFt 

¢341 LD HL,LOCI 

¢342 LD c, (HL) 
-

¢343 LD A,:SYTE 

¢344 ANDC 

¢345 JP NZ,SX2 

¢346 CALL LASTST 
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¢347· jp SP2 

¢348 SX2 · EX AF,AFt • 

¢349 EXX 

. ¢35¢ SP2 · XOR A • 

¢351 OUT (PORT¢) ,A 

¢352 LD ~,lFH 

¢353 SDEL3 · CALL DLY • 

¢354 DJNZ SDEL3 

¢355 LD A, STEP 

¢356 LD (WAY) ,A 

¢357 CALL MVINYD 

¢358 CALL STORE 

¢359 LD :S,lFH 

¢36¢ SDELR · CALL DLY · 
¢361 DJNZ SDELR 

¢361 DEC L . 
¢362 JP Z, SRTNZ2 

¢363 JP SXPA 

¢364 CSCAN · LD A, (YLNGTH) ;Constant Speed Sca.."1l1ing Frog! • 

¢365 LD L,A 

¢366 CALL STORE 

¢367 CSTART · LD A, (XLNGTH) • 

¢368 LD C,A 

¢369 LCONT · liD A, STEP • 

¢37¢ liD (WAY),A 

¢371 CALL MVINXL 

¢372 CALL STORE 

¢373 DEC C 

¢374 JP NZ,LCONT 
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¢375 EXX 

¢376 EX AF,AF' 

¢377 LD HL,LOCI 

¢378 LD C,(HL) 

¢379 LD A,BYTE 

¢3B¢ AND C 

¢38l JP NZ,CXl 

¢382 CALL LASTST 

¢383 JP CPl 

¢384 CXl · EX AF,AF' • 

¢385 EX)( 

¢386 CPl • XOR A • 

¢387 OUT (PORT¢), A 

¢388 LD":s,lFH 

¢389 ODELl · CALL DLY • 

¢39¢ DJNZ CDELI 

¢39l LD A,STEP 

¢392 LD (WAY) ,A 

¢393 CALL MVINlD 

¢394 LD B,lFH 

¢395 SDEL3 • CALL;DLY • 

¢396 DJNZ SDEL3 

¢397 " DEC L 

¢398 JP Z,SRTNZI 

¢399 CALL STORE 

"¢4¢¢ LD A, (XLNGTH) 

¢4¢1 LD C,A 

¢4¢2 RCONT • LD A,STEP • 

¢4¢3 LD (WAY},A 
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¢4¢4 CALL MVINXR 

¢4¢5 CALL STORE 

¢4¢6 DEC C 

.¢4¢7 JP NZ,RCONT 

. ¢4¢8 EXX 

¢4¢9 EXAF,AF' 

¢41¢ LD HL,LOCI 

¢411 LD C, (HL) 

¢412 LD A,BYTE 

¢413 AND C 

¢414 JP NZ,CX2 

¢415 CALL LASTST 

¢416 JP CP2 

¢417 CX2 · EX AF,AF' · 
¢418 EXX 

¢419 CP2 · XOR A · 
¢42¢ OUT (PORT¢) ,A 

. ¢421 LD B,lFH 

¢422 SDELR · CALL DLY · 
¢423 DJNZ SDELR 

¢424 LD A,STEP 

¢425 LD (WAY) fA 

¢426 CALL NVINYD 

¢427 DEC 'L . 

¢428 JP Z,SRTNZ2 

¢429 CALL STORE 

¢43¢ JP CSTART 

¢431 STORE · EXX ;Store Program • 

¢432 EX AF,AF' 
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9543, IN A, (PORT1) 

¢4,4 LD HL,LOC2 

¢4,5 LD B, (HL) 

¢4,6 RRCB 

¢4,7 OR B 

¢4,8 LD H~,LOCl 

¢4,9 LD C, (HL) 

¢44¢ LD (IDC2),A 

¢44l DEC C 

~44l LD (HL) ,C 

~442 JP Z, STM 

¢44, EX AF,AF' 

¢444 EXX 

¢445 RET 

¢446 LASTST · LD A, (LOC1) ;Last store • 

¢447 LD B,A 

¢448 LD A, (LOC2) 

. ¢449 ROT · RRCA · 
~4591 DJNZ ROT 

¢45l liD (IDC2),A 

¢452 STM · liD A, (LOC2) ;Store to memory • 

¢45, RRCA 

~454 . liD HL, (STAM) 

¢455 LD (HL) ,A 

~456 INC HL 

¢457 liD (STAN), HL 

¢458 LD A,BYTE 

91459 LD (LOC1),A 

~4691 LD A.¢¢ 
-
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¢46l LD (LOC2) ,A 

¢462 EX AF,AF' 

¢463 EXX 

¢464 RET 

¢465 SRTNZI · LD B,FFH ;Return to zero position from • 

¢466 SDELX • CALL DLY ;an odd numbered line • 

¢467 DJNZ SDELX· 

¢468 LD A, (XLNGTH) 

¢469 LD (WAY) ,A 

¢47¢ SUB A+DSTP 

¢47l CALL Z,MVINXR 

¢472 JP Z,SRTNZ2 

¢473 CALL C, MVINXR 

¢474 JP C, SRTN Z2 

¢475 liD A, (XPATH) 

¢476 LD (PATH) ,A 

¢477 . CALL XRACC 

¢478 SRTNZ2 · liD B,FFH ;Return to zero-position from • 

¢479 SDEL4 · CALL DLY· ;.an even-line • 

¢48¢ DJNZ SDEL4 

¢481 LD A, (YLNGTH) 

¢482 LD (WAY) ,A 

¢483 SUB A+DSTP 

¢484 CALL Z,MVINYU 

¢485 JP Z,END 

¢486 CALL C,MVINYU 

¢487 JP C,END 

¢488 LD A, (YPATH) 

¢489 LD (PATH) ,A 
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fi549¢ CALL YUACC 

¢491 END · XOR A · 
fi5492 OUT (PORT¢),A 

fi5493 LD B,FFH 

fi5494 SDEL5 · CALL DLY · 
¢495 DJNZ SDEL5 

¢496 LD B,9¢H ;DRILLING Program 

fi5497 LD HL,872DH 

¢498 ZER¢ · INC HL · 
¢499 LD (HL),¢¢ 

¢5¢¢ DJNZ ZER¢ 

¢5¢1 LD A, (XINC) 

¢5¢2 LD C,A 

¢5¢3 LD (OLDX) ,A 

¢5¢4 SRL A 

¢5¢5 LD (HALFX) ,A 

¢5¢6 LD A,(YLNGTH) 

¢5¢7 liD D,A 

¢5¢8 LD HL,STRAM 

¢5¢9 LD IX,FRSTIX 

¢51¢ JP STR 

~511 FTRACE • BIT ¢, (HL) ;Routine to trace an even-lit • 

¢512. JP NZ,FLD¢ 

¢513 FTR¢ : DEC C 

¢514 JP Z,NXTLIN 

¢515 BIT 1-, (HL) 

¢516 JP NZ,FLD1 

¢517 FTRl • DEC C • 

¢518 JP Z,NXTLIN 
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~519 BIT 2, (HL) 

¢52¢ JP NZ, FLD2 

¢521 FTR2 : DEC C 

¢522 JP Z,NXTLIN 

¢523 BIT 3, (HL) 

¢524 JP NZ, FLD3 

¢525 FTR3 • DEC C • 

¢526 JP Z,NXTLIN 

¢527 BIT 4,(HL) 

¢528 JP NZ,FLD4 

¢529 FTR4 · DEC C · 
¢53¢ JP Z,NXTLIN 

¢531 BIT 5, (HL) 

¢532 JP NZ,FLD5 

¢533 FTR5 · DEC C • 

¢534 JP Z,NXTLIN 

¢535 BIT 6,(HL) 

¢536 JP NZ,FLD6 

¢537 FTR6 : DEC C 

¢538 JP Z,NXTLIN 

¢539 BIT 7,(HL) 

¢54¢ JP NZ,FLD7 

¢541 FTR7 : DEC C 

¢542 JP Z,NXTLIN 

¢543 INC HL 

¢544 JP FTRACE 

¢545 FLD¢ · LD A. (XL2) • 

¢546 SUB C 

¢547 LD (IX+¢),A 
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¢548 INC IX 

95549 JP FTR95 

¢56¢ FLDl : LD A, (XL2) 

95561 SUB. C 

¢562 LD (IX+¢) ,A 

¢563 INC IX 

95564 JP FTRl 

¢565 FLD2 • LD A, (XL2) • 

¢566 ,SUB C 

¢567 LD (IX+¢),A 

95568 INC IX 

¢569 JP FTR2 

.¢57¢ FLD3 · LD A, (XL2) • 

¢571 SUB C 

¢572 LD (IX+¢),A 

¢573 INC IX 

¢574 JP FTR3 

¢575 FLD4 · LD A, (XL2) · 
¢576 SUB C 

¢577 ' LD ( IX +¢ ) , A 

¢578 INC IX 

¢'579 JP FTR4 

¢58¢ FLD5 · LD A, (XL2) • 

¢581 SUB C 

¢582 LD (IX+¢) ,A 

¢583 INC ~IX 

¢584 JP FTR5 

¢585 FLD6 · LD A, (XL2) . • 

95586 SUB C 
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¢587 LD (IX+¢),A. 

¢588 INC IX 

¢589 JP FTR6 

¢59¢ . FLD7 • LD A, (XL2) • 

¢591 SUl3 C 

¢592 LD (ix+¢) ,A 

¢593 INC IX 

¢594 JP FTR7 

¢595 NXTLIN · DEC IX • 

¢596 liD (LASTIX), IX 

¢597 INC HL 

91598 LD (SAVEHL) ,HL 

¢599 LD IX,FRSTIX ;Test whether there is 2. hole 

¢6¢¢ liD A,(IX+¢) ;O!l this line 

¢6¢1 LD E, (IX+l) 

¢6¢2 OR E 

¢6¢3 CALL Z,MOVINY 

¢6¢4 JP Z,STRACE 

¢6¢5 LD A, (IX+1) ;Test whether there is only 

¢6¢6 LD E, (IX+2) ;one hole 

¢6¢7 OR E 

¢6¢8 JP Z,FLEFT 

¢6¢9 LD A, (OLDX) 

¢61¢ LD E,A 

¢611· LD IX, (LASTIX) 

¢612 LD A,(IX+¢) 

¢613 SUB E 

91614 JP Z,RZERO 

91615 JP C,LRM 
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¢616 liD :B,A 

¢617 LD A, (FRSTIX) 

¢618 LD E,A 

¢619 LD A, (OLDX) 

¢62¢ SUB E 

¢621 JP Z,LZERO 

¢622 JP C,RM 

¢623 SUB B 

¢624 JP NC,FRIGHT 

¢625 JP FLEFT 

¢626 FRIGHT · LD A, (OLI;>X) ;Routine to move right · 
¢627 LD E,A 

¢628 LD IX, (LASTIX) 

¢629 LD A,(IX+¢) 

¢63¢ SUB E 

¢631 JP Z,RZERO 

¢632 JP NC,RMOVE 

¢633 LRM · liD A, (IX+¢) · 
. ¢634 LD E,A 

¢635 LD A, (OLDX) 
\ 

¢636 SUB E 

¢637 LD (WAY),A 

¢.638 LD H,A+DSTP 

¢639 SUB H 

¢64¢ CALLZ,MVINXL 
~ 

¢641 \ JP Z,RZERO 

¢642 CALL C,MYINXL 

¢643 JC C,RZERO 

¢644 LD (PATH),A 
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¢645 CALL XLACC 

¢646 JP RZERO 

¢647 FLEFT . LD A, (FRSTIX) ;Routine to move left • 

¢648 laD E,A 

¢649 LD A, (OLDX) 

¢65¢ SUB E 

¢651 JP LZERO 

¢652 JP NC,LMOVE 

¢653 RM LD A, (OLDX) 

¢654 LD E,A 

¢655 LD A, (FRSTIX) 

¢656 SUB E 

¢657 LD (WAY) ,A 

¢658 LD H,A+DSTP 

¢659 SU:B H 

¢66¢ CALL Z,MVINXR 

¢661 JP Z,LZERO 

¢662 CALL C,MVINXR 

¢663 JP C,LZERO 

¢664 LD (PATH) ,A 

¢665 CALL XRACC 

¢666 JP LZERO 

¢667 RJv10VE · LD (WAY),A '. 
¢668 RATEST · LD H,A+DSTP · 
¢669 SU13 H 

¢67¢ CALL Z, MVINXR 

¢671 JP Z,RZERO 

¢672 CALL C,KVINXR 

¢673 JP C,RZERO 
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~674 LD (PATH) ,A 

~675' CALL XRACC 

~676 RZERO . NOP . 
¢677 CALL DRILL 

¢678 LD IX, (LASTIX) 

'¢679 LD A, (IX-I) 

¢68¢ OR A 

¢681 JPZ,STRAC 

¢682 FRRTL LD E, (IX-I) ;Routine to move fr'o:n :r'ight 

¢683 LJ) A, (IX+¢) ;to left on anev6::11ine 

¢684 LD (SAVEIX), IX 

¢685 SUB E 

¢686 LD (WAY),A 

¢687 LD H,A+DSTP 

¢688 SUB H 

¢689 CALL Z, I-IVINXL 

069¢ JP Z,DL 

¢691 CALL C, MVINXL 

¢692 JP C,DL 

¢693 LD (PATH) ,A 

¢694 CALL XLACC 

¢695 DL . NOP • 

¢696 CALL DRILL 

¢697 LD IX, (SAVEIX) 

¢698 DEC IX· 

¢699 LD A, (IX-I) 

¢7¢¢ OR A 

07¢1 JP Z,STRAC 

¢7¢2 JP FRRTL 
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¢7¢3 Ll-l0VE · LD (WAY),A • 

¢7¢4 LATEST · LD H,A+DSTP • 

¢7¢5 LD A, (WAY) 

¢7¢6 SUB H 

¢7¢7 CALL Z,MVINXL 

¢7¢8 JP Z,LZERO 

¢7¢9 CALL C,MVINXL 

¢71¢ JP C,LZERO 

¢711 LD' (PATH),A 

¢712 CALL XLACC 

¢713 LZERO NOP 

¢714 CALL DRILL 

¢715 LD IX, FRS TIX 

¢716 LD A, (IX+l) 

¢717 OR A 

¢718 JP Z,STRAC 

¢719 FRLTR · LD E, (IX+¢) ;Routine to move from left • 

¢72¢ LD A, (IX+l) ;to right on an ev.enline 

¢721 LD (SAVEIX), IX 

¢722 SUB E 

¢723 LD (WAY),A 

¢724 LD H,A+DSTP 

¢725 SUB H 

¢726 CALL Z,MVINXR 

¢727 JP Z,DR 

¢728 CALL C. }vlVINXR 

¢729 JP C,DR 

¢73¢ LD (PATH) ,A 

¢731 CALL XRACC 
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¢732 DR · :NOP · 
¢733 CALL DRILL 

¢734 LD IX, (SAVEIX) 

¢735 INC IX 

¢736 LD A, (IX+l) 

¢737 OR A 

¢738 JP Z,STRAC 

¢739 JP F'RL~R 

¢74¢ DRILL . · EXX ;Drill simulatinG routine • 

¢741 EX AF,AF" 

¢742 XOR A 

¢743 OUT (PORT¢) ,A 

¢744 LD A,8¢H 

¢745 OUT (PORTI),A 

¢746 IJ) :S,7FH 

¢747 DR2 • CALL DLY • 

¢748 DJNZ DR2 

¢749 XOR A 

¢75¢ OUT (PORTI) ,A, 

¢751 EX AF,AF' 

¢752 EXX 

¢753 RET 

¢754 STRAC · LD A, (IX+¢) · 
¢755 LD (OLDX), A ' 

¢756 CALL MOVINY 

¢757 STRACE · DEC D • 

¢758 JP Z,RETURN 

¢759 LD B,9¢H 

¢76¢ LD HL,872DH 
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¢761 ·SZERO INC HL 

¢762 IJ) (HL) ,¢¢ 

¢763 DJNZ SZERO 

¢764 LD A, (XINC) 

¢765 IJ) C,A 

¢766 LD BI., (SAVEHL) 

¢767 IJ) IX, FRSTIX 

¢768. STR BIT ¢,HL ;Rou~ine to trace an odd-line 

¢769 JP NZ,S¢ 

¢77¢ R¢ · DEC C • 

¢771 JP Z,SECLIN 

¢772 BIT 1, (HL) 

¢773 JP NZ,Sl 

¢774 Rl :··DEC C 

¢775 JP Z,SECLIN 

¢776 BIT 2, (HL) 

¢777 JP NZ, S2 

¢778 R2 : DEC C 

¢779 JP Z,SECLIN 

¢78¢ BIT 3, (HL) 

¢781 JP NZ,S3 

¢782 R3 · DEC C • 

¢783 JP Z,SECLIN 

¢784 BIT 4, (HL) 

¢785 JP NZ, S4 

¢786 R4 · DEC C ~ 

¢787 JP Z, SECLIN . 

¢788 BIT 5, (HL) 

¢789 JP NZ,S5 
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¢79¢ R5 • DEC C • 

¢791 JP Z,SECLIN 

¢792 BIT 6, (HL) 

¢793 JP NZ,86 

¢794 R6 : DEC C 

¢795 JP Z,8ECLIN 

¢796 BIT 7, (HL) 

¢797 . JP NZ,87 

¢798 R7 · DEC C • 

¢799 JP Z,8ECLIN 

¢a¢¢ INC HL 

¢a¢l JP 8TR 

¢8¢2 S¢ LD (IX+¢) ,C 

¢8¢3 INC IX 

¢8¢4 JP R¢ 

¢8¢5 Sl · LD (IX+¢), C · 
¢8¢6 INC IX 

¢8¢7 JP R1 

¢8¢8 82 LD (IX+¢),C 

¢8¢9 INC IX 

¢81¢ JP R2 

¢811 S3 LD (IX+¢) ,0 

¢812 INC IX 

¢813 .JP R3 

¢814 S4 · LD (IX+¢),C • 

¢815 Il~O IX 

¢816 JP R4 

¢817 85 LD (IX+¢),C 

¢818 INC IX 
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¢819 JP R5 

¢82¢ 86 · LD (IX+¢), C • 

¢821 INC IX 

¢822 JP R6 

¢823 87 · IJ) (IX+¢),C · 
¢824 INC IX 

¢825 JP R7 

¢826 8ECLIN · DEC IX • 

¢827 LD (LA8TIX), IX 

¢828 INC HL 

¢829 LD (SAVEHL), HL 

¢83¢ LD IX,FRSTIX 

¢831 LD A, (IX+¢) 

¢832 LD E, (IX+1) 

¢834 . OR E 

¢835 CALL Z, NOVINY 

¢836 JP Z,FTR 

¢837 LD A, (IX+1) 

¢838 LD A, (IX+2) 

¢839 ORE 

¢84¢ JP Z, SRI GWI' 

¢841 LD A, (OLDX) 

¢842 LDE A , 
. ¢843 LD A, (FRSTIX) 

¢844 SUB E 

¢845 JP Z,SRZERO 

¢846 JP C, HLr'lOV'E 

¢847 LD B,A 

¢848 IJ) IX, (LAST IX) 
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¢849· LD E, (IX+¢) 

¢85¢ LD A, (OLDX) 

¢851 SUB E 

¢852 JP Z,SLZERO 

¢853 JP C,RLI>'1 

¢854 SUB :B 

¢855 JP C,SLEFT 

¢856. SRIGHT · LD A, (OLDX) ;Eoutincto move r'isht O!"J · 
¢857 . LD E,A ;an odd-line 

¢858 LD A, (FRSTIX) 

¢859 SUB E 

¢86¢ JP Z, SRZERO 

¢861 JP NC,SRMOVE 

¢862 HLf~OVE · LD A, (FRS~'IX) · 
¢863 LD E,A 

¢864 LD A, (OLDX) 

¢865 SUB E 

¢866 LD (WAY),A 

¢867 LD H.A+DSTP 

¢868 SUB H 

¢869 CALL Z,MVINXL 

¢87¢ JP Z,SRZERO 

¢871 CALL C,MVINXL 

¢872 JP C,SRZERO 

¢873 LD (PATH) ,A 

¢874 CALL XLACC 

¢875 JP SRZERO 

¢876 SRMOVE LD (WAY),A 

¢877 LD H,A+DSTP 
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¢878. SUB H 

¢879 CALL Z,MVINXR 

¢88¢ JP Z,SRZERO 

¢881 CALL C t f.1VINXR 

¢882 JP C,SRZERO 

¢883 LD (PATH) ,A 

¢884 CALL XRACC 

¢885 SRZERO · NOP • 

¢886 CALL DRILL 

¢887 LD IX,FRSTIX 

¢888 LD A, (IX+l) 

¢889 OR A 

¢89¢ JP Z,FTRAC 

¢891 SFRTL LD E,(IX+l) ;Routine to move fro~ right 

¢892 LD A, (IX+¢) ;to left on an odd-line 

¢893 LD (SAVEIX),IX 

¢894 SUB E 

¢895 LD (WAY) ,A 

¢896 LD H,A+DSTP 

¢897 SUB H 

¢898 CALL Z, MVINXL 

¢899 JP Z,SDL 

¢9¢¢ CALLC,MVINXL 

¢9¢1 JP C,SDL 

¢9¢2 LD (PATH) ,A 

¢9¢3 CALL XLACC 

¢9¢4 SDL · NOP · 
¢9¢5 CALL DRILL 

¢9¢6 LD IX, (SA VEIX ) 
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¢9¢7 INC IX 

¢9¢8 LD A, (IX+1) 

¢91¢ OR A 

¢911 JP Z,FTRAC 

¢912 JP SFRTL 

¢.913 SLEFT · LD IX, (L..A..$,£IX) ;Houtine to move left on · 
95914 LD A,(IX+¢) ;an odd-line 

¢915 LD E,A 

¢916 LD A, (OLDX) 

¢917 SUB E 

¢918 JP Z,SLZERO 

¢919 .JP NO, SLMOVE 

¢92¢ RLM · LD A, (OLDX) · 
¢921 LD E,A 

¢922 LD A,(IX+¢) 

¢923 SUB E 

¢.924 LD (WAY),A 

¢925 LD H,A+DSTP 

¢926 SUll H 

¢927 CALL Z,MVINXR 

¢928 JP Z,SLZERO 

¢929 CALL C,NVIhAR 

·¢93¢ JP C,SLZERO 

¢931 LD (PATH) ,A 

¢932 CALL XRACC 

¢933 JP SLZERO 

ro934 SLMOVE · LD (WAY) ,A · 
91935 LD H,A+DSTP 

¢936 LD A, (WAY) 
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~937 SUB H 

0938 CALL Z,MVI~AL 

0939 JP Z, SLZERO 

~94~· CALL C,MVINXL 

~94I JP C,SLZERO 

~942 LD (PATH) ,A 

~943 CALL XLACC 

~944 SLZERO · NOP · 
~945 CALL DRILL 

¢946 LD IX, (LASTIX) 

¢947 LD A, (IX-I) 

¢948 OR A 

~949 JP Z,FTRAC 

¢95¢ SFLTR · LD E,(IX+¢) ;Routine to save rrc2 left · 
¢95I LD A, (IX-I) ;to rigl"lt Ol! 2.21 odd-line 

¢952 LD (SAVEIX), IX 

¢953 SUB E 

¢954 LD (WAY),A 

¢955 LD H,A+DSTP 

¢956 SUl3 H 

¢957 CALL Z,MVINXR 

¢958 JP Z, SDR 

¢959 CALL C,MVINXR 

~96¢ JP C,SDR 

~961 :GO (PATH);A 

¢962 CALL XRACC 

¢963 SDR NOP 

~964 CALL DRILL 

¢965 LD IX, (SAVEIX) 
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¢966 DEC IX 

¢967 LD"A,(IX-l) 

¢968 OR.A 

¢969 JP Z,FTRAC 

¢97¢ JP SFLTR 

¢971 FTRAC · LD A,(IX+¢) · 
¢972 LD (OLDX),A 

¢973 CALL ~iOVINY 

¢974 FTR DEC D 

¢975 JP Z,RE7URN 

¢976 LD B,9¢H 

¢977 LD "EL,872DH 

¢978 ZR · INC HL · 
¢979 LD (HL),¢¢ 

" ¢98¢ DJNZ ZR 

¢981 LD A, (XINC) 

¢982 LD" C,A 

¢983 LD HL,(SA VEHL) 

¢984 LD IX,FRSTIX 

¢985 JP FTRACE 

¢986 RETURN • LD A, (OLDX) ;Return to zero-posi tio:1 after • 

¢987 LD E,A ;drilling of the whole card is 

¢988 LD A, (XINC) ;iinished 

¢989 SUB E 

¢99¢ JP Z, SRTNZ2 

¢991 liD (WAY) ,A 

¢992 CALL f.VINXR 

¢993 JP SRTNZ2 
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¢994 MOVINY · LD A, STEP ;Routine to move one grid in • 

¢995 LD (WAY) ,A ;y-direction downwards. 

¢996 CALL NVINYD 

¢997 RET 

¢998 DLY .. LD D,?DB ;Constant delay routine. · 
¢999 LOOP • LD E,¢3H • 

l¢¢¢ DEC E 

l¢¢l JR NZ,-l 

1¢¢2 DEC D 

1¢¢3 JP NZ,LOOP 

1¢¢4 RET 

1¢¢5 VDLY · LD D,¢8H ; Variable delay routine. • 

1¢¢6 IND · DEC D · 
1¢¢7 JP NZ, DID 

1¢¢8 DEC E 

1¢¢9 JP NZ, VDLY 

l¢l¢ RET 

l¢ll MVINXL · EXX ;Routine to move left in · 
1¢12 EX AF,AF' ix-direction with constant 

1¢13 LD A, (v,'AY) ;speed. 

1¢14 LD C,A 

1¢15 RH · LD H,¢¢ • 

1¢16 RLINE · LD IX,XSTEP4 • 

1¢17 LD B,COUNT 

1¢18 RNEXT · LD A', (IX+¢¢) · 
1¢19 OUT (POR~), A 

1¢2¢ CALL DLY 

1¢21 INC H 

1¢22 LD A,GRID 
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19123 . CP H 

1¢24 JR Z,+9 

19125 . DEC IX 

19126 DJNZRNEXT 

19127 JP RLI~E 

1¢28 DEC C 

1¢29 JP NZ,RH 

1¢3¢ EXX 

19131 . EX AF,AF' 

1¢32 RET 

1¢33 MVINXR · EXX ; Routine to move right in · 
.1¢34 EX AF,AF' ix-direction with constant 

1¢35 LD A, (WAY) ;speed. 

1¢36 LD C,A 

1¢37 LH · LD H,¢¢ · 
1¢38 LLINE · LD IX,XSTEP1 · 
1¢39 LD :B,COUNT 

1¢4¢ LNEXT · LD A, (IX+¢¢) · 
1¢41 OUT (pORT91),A 

19142 CALL DLY 

1¢43 INC H 

1¢44 LD A,GRID 

1¢45 CP H 

1¢46· JR Z,+9 

1¢47 INC IX 

1¢48 DJNZ LNEXT 

1¢49 JP LLINE 

1¢5¢ DEC C 

1¢51 JP NZ,LH 
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1¢52 EXX 

1¢53 EX AF,AF' 

1¢54 RET 

1¢55· ACONS · EQU ¢7C¢H jAcceleration constant~ • 

1¢56 DCONS · EQU ¢7D¢H ;Deceleration .constants · 
1¢57 YUACC · EXX ;Routine to move the detect • 

1¢58 EX AF,AF' jUp in y-direction by accel 

1¢59 LD I.Y, ACONS ; tion. 

1¢6¢ LD C,ACOUNT 

1¢61 YRTH • LD H,¢¢ • 

1¢62 YARTN · LD IX,YSTEP4 · 
1¢63 LD :B,COUNT 

1·¢64 BMOVE · LD A, (IX+¢¢) • 

1¢65 OUT (PORT¢),A 

1¢66 LD E, (IY+¢¢) 

1¢67 CALL VDLY 

1¢68 INC H 

1¢69 
, 

LJ)·A,GRID 

1¢7¢ CP H 

1¢71 JR Z,+9 

1¢72 DEC IX 

1¢73 DJNZ Bl10VE 

1¢74 JP YARTN 

1¢75 INC IY 

1¢76 DEC C 

1¢77 JP NZ, YRTH 

1¢78 LD HL,PATH 

1¢79 LD c, (EL) 

1¢8¢ YNAXH . LD H,¢¢ . 
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·1¢81 n"~X · LD IX,YSTEP4 • 

1¢82 LD B,COUNT 

1¢83 YAMV · LD A, (IX+¢¢) · 
1¢84 OUT (PORT¢),A 

1¢85 . laD E, MAXSPD 

1¢86 CALL VDLY 

1¢87 INC H 

1¢88 LD A,GRID 

1¢89 CP H 

1¢9¢ JR Z,+9 

1¢91 DEC IX 

1¢92 DJNZ YAMV 

1¢93 JP YJI~X 

1¢94 DEC C 

1¢95 JP N Z, YflIAXH 

1¢96 YDEC · LD IY ,DCOl~S · 
1¢91 LD C,DCOUNT 

1¢98 'YDR~H · LD H,¢¢ · 
1¢99 YDRTN · LD IX,YSTEP4. • 

ll¢¢ LD B,COUNT 

ll¢l YDMV · LD A, (IX+¢¢) · 
11¢2 OUT (PORT¢),A 

11¢3· laD E, (IY+¢¢) 

11¢4 CALL VDLY 

11¢5 INC H 

11¢6 LD A,-GRID 

11¢1 . CP H 

11¢8 JR Z,+9 

11¢9 DEC IX 



143 

111¢ DJNZ "YDNV 

111,1 JP YDRTN 

1112 INC IY 

1113 DEC C 

1114 JP NZ, YDRTH 

1115 XOR A 

1116 OUT (PORT¢), A 

1117 EX AF,AF' 

1118 EXX 

1119 RET 
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112¢ MVINYU • EXX ,;Routine to move the. detecto • 

1121 EX AF,AF' jUp in y-direction with 

1122 liD A, (WAY) ;constant speed. 

1123 LD C,A 

1124 LD H,¢¢ 

1125 ULINE • liD IX,YSTEP4 · 
1126 liD B,COUNT 

1127 UNEXT · liD A, (IX+¢¢) • 

1128 OUT (PORT¢), A 

1129 CALL DLY 

11391 INC H 

1131 liD A,GRID 

1132 CP H 

1133 JR Z,+9 

1134 DEC IX 

1135 DJNZ UNEXT 

1136 DEC C 

1137 JP NZ, ULINE 

1138 EXX 

1139 EX AF,AF' 

114¢ XOR A 

1141 OUT (PORT¢), A 

1142 RET 



1143 

1144 

1145 

1146 

1147 

MVINYD : EXX 

EX A:F,AFI 

liD A, (WAY) 

LD C,A 

LD H,¢¢ 

1148 DLINE: LD IX,YSTEP.l 

1149 LD E,C·OUNT 

115¢ DNEXT: LD A, (IX+¢¢) 

1151 

1152 

1153 

1154 

1155 

1156 

1157 

1158 

1159 

116¢ 

1161 

1162 

1163 

1164 

1165 

OUT (POR7¢),_~ 

CALL DLY 

INC H 

LD A,GR'ID 

CP H 

JR Z,+9 

. INC IX 

DJNZ DNEXT 

DEC C 

JP NZ ~ DLIl~E 

EXX 

EX AF,AF' 

XOR A 

OUT (PORT¢), A 

145 

;Routine to move the detectc 

;down in y-direction with· 

;constant speed. 
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1166 XRACC · EXX ;Routine to move the detect • 

1167 EX AF,AF' ;right in x-direction by 

1168 LD IY,ACONSl ;acceleration. 

1169 LD C,ACOUNT ;Acceleration. starts. : .. 

117¢ XRTH · LD H,¢¢ · 
1171 XARTN · LD IX,XSTEPl · 
1172 LD :B,COUNT 

1173 AMOVE LD A, (IX+¢) 

1174 OUT (PORT¢),A 

1175 LD E,(IY+{O) 

1176 CALL VDLY 

1177 INC H 

1178 LJ) A,GRIJ) 

1179 CP H 

118¢ JR Z,+9 

1·181 INC'IX 

1182 D IN Z AJ>10 VE 

1183 JP XARTN 

1184 INC IY 

1185 DEC C 

1186 JP NZ,XRTH 

1187 LD HL,PATH 

1188 LD c, (HL) 

1189 XNMXH · LD H,¢¢ ;Naximum speed is reachea · 
119¢ XNMAX · LD IX,XSTEPl ;the stage moves with the • 

1191 LD 13, COUNT ;speed PATH long. 

1192 XAMV · LD A, (IX+¢) • 

, 1193 OUT (PORT¢),A 
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1194 LD E,MAXSPD 

1195 CALL VDLY 

1196 INC H 

1197 LD A.GRID 

1198 CP H 

1199 JR Z,+9 

12¢¢ INC IX 

12¢1 DJNZ XAMV 

12¢2 JP XN1V1AX 

12¢3 DEC C 

12¢4' JP HZ, XNrr.xH 

. 12¢5 XDEC LD IY,DCONSl iDece1eration begins. 

12¢6 LD C,DCOUNT 

12¢7 XDRTH LD H,¢¢ 

12¢8 XDRTN LD IX,XSTEPl 

12¢9 LD B,C'OUNT 

121¢ XDMV . LD A, (IX+¢) . 
1211 OUT (PORT¢), A 

1212' LD E, (IY+¢) 

1213 CALL VDLY 

1214 INC H 

1215 LD A,GRID 

1216 CP H 

1217 JR 2,+9 

1218 IHC IX 

1219 DJNZ XDJ.IV 

122¢ JP XDR7N 

1221 INC IY 



1222 

1223 

1224 

1225 

1226 

1227 

1228 

1229 XLACC· · · 
123¢ 

·1231 

1232 

1233 SXPAH · • 

1234 SXPAR · • 

1235 

1236 SXPAl': · • 

1237 

1238 

1239 

124¢ 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

1248 

1249 

DEC C 

JP NZ,XDRTH 

XOR .... 

OUT (POR~¢), A 

EXX 

EX AF,AF' 

RET 

EXX 

EX AF,AF' 

LD IY,ACONSl 

LD C, ACOUNT 

LD H,¢¢ 

LD .IX,XSTEP4 

LD B.COUNT 

LD A, (IX+¢) 

OUT (PORT¢),A 

LDE, (I Y+¢¢) 

CALL VDLY 

INC R 

LD A, GRID 

CPR 

JR Z,+9 

DEC IX 

DJN Z SXP AIr! 

JP SXPAR 

INC IY 

DEC C 

JP NZ, SXPAH 

148 

jDeceleration lasts,and the 

jx-stage stops. Then the routine 

jreturns to where it is called. 

;Routine to move the detector 

;left in x-direction by 

jacceleration using the same 

jprocedures described in XRACC 

jroutine. 
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125¢ . LD HL,PATH 

1251 LD C, (HL) 

1252 SXAPH · LD H,¢¢ · 
1253 SXAPS · LD IX,XSTBP4 · 
1254 LD B, COUNT 

1255 SXAPlv. . · laD A, (IX+¢) • 

1256 OUT (PORT¢), A 

1257 LI! }:, l>'IAX S PD 

1258 C~a..LL VDLY 

1259 INC H 

126¢ LD A, GRID 

1261 CP H 

1262 JR Z,+9 

1263 DEC IX 

1264 DJNZ SXAPl-l 

1265 JP SXAPS 

1266 DEC C 

1267 JP N~,SXAPH 

1268 SXPD · LD . IY, DCOI~S 1 · 
1269 LD C,DCOUNT 

127¢ SXPDH -:- LD H, ¢¢ 

1271 SXPDR · LD IX,XS~EP4 • 

1272 LD B, COUNT .. 

1273 SXPDN · LD At (IX+¢) • 

1274 OUT (POR:i¢),.a.. 

1275 LD E,(IY+¢) 

1276 C~a..LL VDLY 

1277 Il~C H 
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1278 LD A,GRID 

1279 OP H 

128¢ JR 2.,+9 

1281 DEC IX 

1282 DJNZ SXPDM 

1283 JP SXPDR 

1284 INC IY 
" 

1285 DEC C 

1286 JP l~Z, SXPDH . 
1287 EXX 

1288 - EX AF,AF' 

1289 RET 
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