
FULLY SOFT\'JARE CONTROLLED PCB HOLE-},OSITION 

PROCESSING SYSTEI1 

by 

Tayfun Demir 

B.S. in E.E.,Bogazi9i University, 1981 

S-ubmitted to the Institute for Graduate Studies 

in Science and Engineering in partial fulfillment 

of the requirements for the degree of 

Master of Science 

in 

Electrical Engineering 

Bogazici University Library 

1111 II 1111111 11111111111111111111111111 ~ 
39001100315194 

Bogazi9i University 

192,4· 



, 
To Vildan 

I 

I 

I 

I 

· I 

I 

I 

I 

I 



iii 

ACKH OHLEDGEI>1EHTS 

I am grateful to my thesis supervisor D09.Dr. 

Ok-Jay Kaynak,for his helps,guidance ruld cooperation,and 

especially acknowledge his encouraging supervision in our 

work to design and operate the realized system. 

I vlOuld also like to express my tha.1J....1{s to Y.D09.Dr. 

Vahan Kalenderoglu,for his Guiding helps on the mechanical 

construction and-design of the scruUler,and to Y.D09.Dr. Orner 

Cerid for his valuable suggestions on hard'tJ'are problems of 

the system. 

I also thank Vildan Polos for her encouragement 

in my works and her skillful helps 

manuscript. 

J.
' • .,.. 

H the typing of the 



. iv 

ABSTRAOT 

The purpose of the thesis is to design and realize 

a microprocessor-based system to process and simulate the 

drilling of hole-positions in printed circuit boards under 

software control. 

System is based on Z-80 microprosessor \.,rhich cont­

rols a stepper motor driven mechanical moving stage scanner. 

Scan-control,detection and drilling of hole-positions are 

performed by the Z-80 microprocessor-based card which is 

connected to the drivers of the stepper motors through 

which the pm'fer requirements of the motors are supplied 

during acceleration,steering and deceleration of the mecha­

nical stages. 

In the developed system,hard\.,rare is minimized, 

giving all possible controls to the software.System can also 

be vie"led as an intelligent system, since the detection of 

hole positions is"done by optical means but not manually_ 

Also,the drilling process utilizes optimum-path concepts, . 
minimizing drilling time. 
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QZETgE 

Bu tezin arnac1,bask1 devreler uzerine a~1lacak delik 

yerlerinin,mikroi~lernci denetiminde saptanmas1 ve delinmesi­

ni sirnule eden bir sistemin tasar1rn ve ger~ekle§tirilmesidir. 

Sistem,Z-BO mikroi~lemci kontrolunda olan ad1mlaY1c1 

motorlar1n surdugli iki boyutta hareketli bir rnekanik tezgah­

tan olu~ur.Tararna kontrolu,delik Yerlerinin. saptanmas1 ve 

delimi,Z-BO mikroi~lemci kart taraf1ndan yap111r.Bu kart,ay­

n1 zamanda mekanik tezgaha hareket saglayan rnotorlara,h1zlan­

rna,maksimum h1zda slirme,yava~lama s1ras1nda gereken gli~·ge­

reksinrnelerini kar~1layan slirliclilere bag11d1r. 

Geli~tirilen bu sistemde donan1m en aza indirilerek, 

rnlimklin blitlin kontrollar yaz1"11m denetimindedir.Delik yerleri­

nin sisteme girilmesi optik yollarla saglanm1§ olup,delme i§­

lemi s1ras1ndada optimum yol kavrarn1 dogrultusunda,zarnanlarna 

en aza indirilmi~tir. 
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CHAPTER 1 

I. INTRODUCTION 

Even ·though,in today1s technology Computer Aided 

Design (CAD) is becoming more important,in which case the 

drilling hole positions are knovm from the design process, 

presently many of the board layouts are drawn by hand.~hus 

at this moment,in order to make the drilling of these holes, 

either automatic drilling machines are used,or drilling is 

performed manually using a drill. 

Both of the mentioned drilling operations have dis­

advantages.If an automatic drilling machine is used,hole 

positions must be manually stored on paper-tape or cassette 

or an input has to be made directly into the memory of the 

drilling machine which then performs the drilling operation 

according to the data recorded into its memory.In this case, 

alignment of the holes is at its maximum accuracy with 

minimum process time. 

When drilling is done by hand using a drill,one can 

not talk about accuracy in alignment~or time taken in order 

to complete even a small card. 

As can be understood,even generating the list of 

drilling pOSitions or calculation of their coordinates,is 

a very sUbstantial part of the total production time,and 

when drilling operation is included,the time required is 

twice as much. 



2 

In this thesis,a proto-~ype system is designed and 

realized which is capable of detecting the hole positions 

by itself,using its scanning and detection programs, then 

performing the drilling of these appropriately recorded 

hole positions under the,control of its drilling program 

which utilizes a developed optimum-path algorithm vlri tten 

for this specific application,including the drilling 

accuracy of an automatic drilling machine with process time 

minimization. 



II. SYSTEN LAYOUT 

General architecture of the system is given in the 

belovl figur~ •. 

Detector I 
i 

X-motor \ TvlO-

" Dimensional Driver I 
) I1echanical 

3 

X Control ~ Z-80 ~ I'loving r= moto! 
Panel 11 Nicro- Scanner processor 

" Y-motor " ) Card 
/ Driver '/ 

t 
, 

II 
Power Y 

Supply motor 
Card 

Figure 1.1 System Architecture 

System scans the previously prepared dot mask, 

located onto the upper stage,in a meander pattern,taking 

data at the end of every 80 step of the stepper motors 

under the control of the related routine within the soft~ 

vlare of. the system. 

Control program is processed by the Z-80 micro­

processor card and the required step sequence is generated 

which is then fed to the motor drivers connected to the 



4 

stepper motors.Scanning and detection routines continue 

interactively until the vnlole layout is scanned.Then,control 

is transferred to the drilling program. 

From this poi~t on,the detector can be visualized 

as a drill,and drilling is performed repeatedly,according 

to the data obtained during the scanning and detection 

routines, \'Jai ting a fe\,-l seconds on the dot to be drilled, 

simulating the drilling process. ~'his program utilizes an 

optimum-path algorithm specifically vlri tten for this kind 

of application. 

Detailed explanations and calculations are given 

under specific headings and chapters. 
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CHAPTER 2 ' 

I. STEPPER fJfOTOR BASICS 

A stepper motor is a device that converts electro=.ic 

signals into discrete mechanical motion. Each time the direc­

tion of the ,current in the motor windings is changed,the 

motor output shaft rotates a specific angular distance.The 

motor shaft can be driven in either clockwise or counter­

clockwise direction and can be operated at very high step­

ping rates up to 2qOOO steps per second. 

Stepper motors offer many advantages as an actuator 

in a digitally controlled positioning system. They are easily 

interfaced with a microcomputer or a microprocessor in 

order t9 provide opening,closing,rotating,reversing,cycling 

and highly accurate positioning in a variety of applications. 

Hechanical components such as gears,clutches,brakes and 

belts are not needed since stepping is accomplished electro­

nically.There is no need-for any feedback device such as a 

tachometer or encoder.Because the system is open loop, the 

problems of feedback loop phase snift and resultant insta­

bility common to servo drives are eliminated.However, if 

desired,a minor loop may be closed around the stepper motor 

with an encoder for system performance enhancement. 

Stepper motors are available in a range of frame 

sizes and with standard step angles of 0.72 ,1.8 ,5 ,15 , 

18 degrees and 0.9, 2.5, 7.5, 9 degrees(half-angle) with 
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step accuracies of 3 per cent or 5'per cent noncumulative. 

A. Operation 

Stepper motors operate on phase-switched d.c.power. 

If the motor is a 1.8 degree per step motor,the shaft 

advances 200 steps per revolution when a four-step input 

sequence (full-step mode) is used and 400 steps per revolu- . 

tion .(0.9 degree per step) when an eight-step input sequence 

(half-step mode) is used. 

STEP S\'J1 S\-J2 SVJ3 SVJ4 

1 ON OFF ON OFF 

2 ON OFF OFF ON 

3 OFF ON OFF ON (FULL-STEP I'10DE) 

4 OFF ON ON OFF 

1 ON OFF ON OFF 

TABLE 2.1 Four-step input sequence 

sw4 

FIGURE 2.1 DC Stepping circuit 
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STEP SV11 S\'12 SW3 s\'i4 

1 ON OFF ON OFF 
-. 

2 ON OFF OFF OFF 

3 i ON OFF OFF ON 

4 OFF OFF OFF ON 

5 I OFF ON OFF ON 

I 
6 OFF ON OFF OFF 

(HALF-STEP HODE) 

7 OFF ON ON OFF 

B OFF OFF ON OFF 

1 ON OFF ON OFF 

TABLE 2.2 Eight-step input sequence 

1-2-3-4-1. sequence in full-step mode,and 1-2-3-4-

5-6-7-8-1 sequence in half-step mode provide clockwise 

rotation of the shaft of the motor.For counter-clockv!ise 

rotation of the shaft, sv:i tching steps are performed in the 

following order: 1-4-3-2-1 in full-step,1-B-7-6-5-4-3-2-1 

in half-step mode. 

Apart from the Four-step and Eight-step drive met-

7 

hods, there is one more drive me,thod which is called ldave 

Drive.Energizing only one winding at a time is the so-called 

V/ave Excitation. 

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

STEP SW1 8',12 8V13 SvJ4 

1 ON OFF OFF OFF 

2 OFF OFF OFF ON Tp.SLE 2.3 "lave 
Drive 

3 OFF ON OFF OFF 

4 OFF OFF ON OFF 
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~his type of excitation also'produces the same 

increment as the four-step sequence.Since only one winding 

is on, the hold and running torque .. ,vi th rated voltage applied 

will be reduced 30 per cent. vii thin limits, the voltage can 

be increased to bring output power back to rated torque 

value.~he advantage of this type of drive is increased effi­

ciency \,lhile the disadvantage is decreased step accuracy. 

Also in the multiple stepping case,the pulses can 

be timed to shape the velocity of the motion,slow during 

start,accelerate to maximum velocity,then decelerate to stop 

with minimum ringing. 

B. Torque 

1. Holding Torque 

At standstill (zero step per second and rated cur­

rent) the torque required to deflect the rotor a full step 

is called the holding torque.Normally,the holding torque is 

higher than the rlli1ning torque and thus acts as a strong 

br~~e in holding a load. Since deflection varies with load, 

the higher the hol(iing torque the more accurate the position 

\',rill be held. 

2. Residual Torque 

The non-energized detent torque of a permanent-maQ1et 

stepper motor is called Residual Torque.As a result of the 

permru~ent magnet flux and bearing friction,it has a value 

of approximately 1/10 the holding torque.This characteristic 

of permanent ~~gnet steppers is useful in holding a load in 
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the proper position even when the mot_or is de-energized. 

The position hO\vever will not be held as accurately as when 

the motor is energized. 

3. Dynamic Torque 

A typical speed/torque characteristic curve is 

shown below. 

30 1 Running 
Torque 

:: 1 
--- - Start without 

mNm. 

12 -+ 
1 

6 I 
100 200 300 1+00 Steps/sec. 

·error 

. Figure 2.2 Airpax K82402 L/R Stepper Speed/Torque 

Ifhe Start ':Ii thout Error curve shows \'lhat torque 

load the motor can start and stop vii thout loss of a step 

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

The Running curve is the torque available when the 

motor is Slovlly accelerated to the operating stepping rate. 

It is the actual dynamic torque produced by the motor. This 

curve is also called the SLEvl curve. 

The, difference bet\veen the Running and the Start 

Without Error torque curves is the torque lost due to the 

accelerating the motor rotor inertia. 
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c. Resonance 

When a stepper motor is operated at its natural fre­

quency,typically 90 to 160 steps per second,depending on mo­

tor type,an increase in the audio and vibration level of the 

motor may occur.The frequencies at which this resonance will 

occur vary vlidely depending on the characteristics of the 

load'. 

In some cases,the motor can osci~late or loose steps, 

vlhile in other applications, resonance may not be experienced. 

Where resonance does occur,an increase in inertial loading 

vJill usually allm'l operation at these frequencies. 

A permanent magnet stepper motor, hovlever, will not 

exhibit the instability and loss of steps often found in va­

riable reluctance stepper motors since the permanent magnet 

motors have higher rotor inertia and a stronger detent torque. 

D. Bipolar & Unipolar Operation 

There are steppers .with either 2 coil bipolar or 4 

coil unipolar \<lindings. 

The stator flux \,lith bipolar winding is reversed by 

reversing the current in the \'linding.It requires a push-pull 

biDolar drive as ShOVlll in Figure 2.3. One must be careful 

in the design of the circuit so that the transistors in se­

ries do not short the povler supply by turning on at the same 

time. Properly operated, the bipolar "linding gives the optimum 

motor performance at Im'l to medium step rates. 

A unipolar "linding has two coils "lound on the same 
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r-+--- + V ---+--, 

Q 

STEP Q1-4 Q? -.' Q5-8 Q6-7 1 --? 
i 
I 

1 ON OFF ON OFF 

2 ON O]'F OFF ON 

CvJ 3 OFF ON OFF ON I CCVJ 

Rotation 
I 

4 OFF ON ON OFF I 
J. otation 

1 ON OFF ON OFF I 
I 

Figure 2.3 Bipolar SHitching Sequence 

bobin per stator half.Flux is reversed by energizing one 

coil or the other coil from a single power supply.Unipolar 

.case allows the drive circuit to be simplified.Only .four 

power switches are required,and the timing is not as criti­

cal as in the bipolar case, (refer to figure 2.4) to prevent 

the short through tvJO transistors. 



OW 
Rotation 

STEP 

1 

2 

3 

4 

1 

! 
I 
I 

--tQ3 

~1 Gl2 

ON OFF 

ON OFF 

OFF ON 

OFF ON 

ON OF:b' 

Q4-

(,L3 Q4 

ON OFF 

OFF ON 

OFF ON 

ON OFF 

ON OFF 

I 
I 

Cc\'l 

Rotation 

Figure 2.4 Unipolar Switching Sequence 

For the unipolar motor to have the same number of 

turns per vlinding as the bipolar motor, the 'lrlire diameter 

must be decreasea and therefore the resistance increased. 

12 

This results 30 per cent less torque for the ~Ulipolar motor 

at 10\'>" steprates. At higher rates, torque outputs are equal. 



13 

E. Performance Improvement &~'DriveTypes 

If a motor is operated at a fixed rated voltage and 

if its frequency li.e. its step rate) is tried to be increa­

sed,the torque output decreases because of the rise time of· 

the coil vlhich limits the pO\ver delivered to the motor.And 

this effect is due to the inductance to resistrulce ratio of 

the circuit. 

ifhis may be compensated by raising the povler supply 

voltage and adding a series resistor (as sho\~ in figure 

2.5) or by increasing the power supply voltage to obtain a 

constant current as the step rate increases. 

I 

I~ 

Q4 

Figure 2.5 L / 4R Drive 

For L/4R drive,series resistor is selected three 

times the motor vlinding resistance • Supply voltage is incre­

ased to four times the motor rated voltage.It can easily be 



understood that power supplied to the system also increases 

by a factor of four with respect to L/R drive. 

For pm-ler minimization, hi-level or chopper drives 

may be selected. 

1. Bi-level Drive 

14-

At zero step per second,this type of drive holds the 

motor at a lower voltage than rated voltage,and higher vol­

tage when stepping.It is most efficient when operated at a 

fixed,constant stepping rate. 

I 

~ 
Lovl -

D1 
r---+-[)ji 

D4 
+ 

-=-High 

~---+-----r----~---l-------~------~ 

Q1 
---'-__ .... 1_Q_2 __ ---' 

Figure 2.6 Bi-level Drive (Unipolar) 

The high voltage sO-Qrce is put on through a current 

sensing resistor or by the circuit in :figure 2.6 \-lhich uses 



the inductively generated turnoff current spikes to control 

the voltage.At standstill,the low voltage source energizes 

the motor windings.As the stepping sequence is- fed to the 

windings,diodes D1 2 3 4 are used to make the high voltage , , , 
transistors ~1 2 conduct. , 

2. Ohopper Drive' 

15 

Such a drive maintains an average current level, 

using a current sensing resistor to turn on the h~gh voltage 

supply until an upper current level is obtained,and turn off 

the high voltage until a low level is sensed. Then it turns 

on the high voltage again. 

ilihis type of drive is best for fast acceleration and 

variable frequency applications,and more efficient than a 

constant current runplifier regulated supply.In a chopper 

drive,the voltage supply must-be flve to ten times the motor 

voltage rating. 

F. Transient Voltage Suppression 

Transient voltages are generated as current is 

s\,litched through the windings during stepping.These voltages 

can cause faulty operation and damage the motor or drive 

components unless a means of limiting or removing them is 

provided. The most common method for suppressing transient 

voltages is to use shunting diodes across each winding.Since 

this reduces torque , voltage is allo\'!ed to rise to more than 

twice the supply voltage across the s\\Ti tching transistors. 



In order to achieve this,a zener or~a series resistor is 

added for faster induced field,faster current decay,better 

performance. 

G. Performance Limitations 

16 

Increasing the voltage to a stepper motor at stand­

still or 10\" stepping rates 'dill produce a proportionally 

higher torque until the magnetic flux paths within the motor 

saturate.As the motor nears saturation,it becomes less effi­

cient and thus does not justify the additional pO\'ler input. 

The maximum speed a stepper can be driven is limited 

by hysteresis and eddy current losses.At some ra:te,the heating 

effects of these losses limit anY.further effort to get more 

speed or torque output by driving the motor harder. 
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II. CHARACTERISTICS OF THE STEPPERS ~USED IN THIS PROJECT 

Stepper motors used in the proposed project have the 

.following specifications \·,hose related performance charts 

are given in the appendix. 

Manufacturer: ORIENTAL I10TORS 

Type: PH296-03 

Voltage: 14- V 

Current per phase: 0.7 A/phase 

Holding torque: 174 oz-in (123 N cm) 

Resistance per phase: 20 ohms/phase 

Inductance per phase: 60 mII/phase 

\'Jorking temperature range: -10"0 to 50°0 (14°F to 122°F) 

Temperature rise: 80°C (176°F) 

Insulation type: Class B 

Insulation resistance: 100 Nst or more v;hen megger 

reading is DC 500 V 

Dielectric strength: \'!i thstands in normal vlhen impressing 

0.5 ltV at 60 Hz. between the \'lindings 

and the frame for one minute 



18 

CHAPTER 3 

SYSTEH HARD\1ARE 

Hardware of the system consists of the following the 

blocks and explained as listed. 

A. Z-80 microprocessor card 

B. I'1echanical As.sembly of the Scanner 

C. Stepper Motor Drivers 

D. Detector 

E. Power Supply 

Although each heading above will be considered in 

detail ,main spec's of tbe hardware are; 

i. Z-80 is used as the CPU,and a Z-80 PIO for 

input/output purposes. 

ii.Control programs are· about three Kbytes long 

. and stored in tVIO 2716 EPROf'Is. 

iii.Ha."'Cimum scanning area of the system is 220mm 

by 150 mm (x,y) mechanically. 

iv.System scans the nodes of a grid pattern whose 

nodes are 1/20 inch (1.27mm) apart. 

v.- Since a two kilobyte random access memory is 

used in the system, memory available for storing the hole­

position information limits the card size to 170mm by 140mm 

(x, y) ,because RAIJJ is also used as a stack and a general pur­

pose store area for program constants. 
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A. Z-80 Microprocessor Card 

In the design of the system,Z-80 microprocessor is 

chosen as the CPU, 1tlhose block diagram of the internal struc­

ture is shown in the below figure. 

Inst. A> -
f.t- Reg. 

8-bit 
Data bus 

Data Bus 
Control 

Internal Data Bus -' _--.-;,,~I ALU 

Instruction CPU 
Registers Decode 

& 
CPU 
Control CPU 

--.. Control 

1 

--

13 . CPU and 
System 
Control 
Signals 

. 

1 i 1 
5V GNU ill 

Address 
Control 

16-bit 
Address bus ,. 

Figure 3.1 Z-80 CPU Block Diagram 

Z-80 is an 8-bi t processor vii th eighteen ~..;bi t re-

gisters,and four 16-bit registers.The registers include tvlO 

sets of six general purpose registers that may be usedindi­

vidually as 8-bit registers or in pairs as 16-bit registers. 

There are also tvlO sets of accumulator and flag registers. 



_ Z-80 CPU can execute 158 different instruction 

types including all 78 of the 8080A CPU.The instructions 

can be broken dO\\rn into the follovling major groups: 

a. Load and Exchange 

b. Block Transfer and Search 

c. Arithmetic and Logical 

d. Rotate and Shift 

e. Bit l'1anipulation (set,reset,test) 

f. Jurnp,Call and Return 

g. Input/Output 

h. Basic CPU Control 

20 

Also,the type of addressing modes avaliable in Z-80 

CPU include; Immediate,Immediate Extended,Nodified Page Zero, 

Relative, .sxtended, Incexed, HeGister, Implied, ReGister Indil~oct 

and Bit Addressing modes. 

Apart from Non Naskable Interrupt,the CPU can be pro­

gramed in anyone of the three maskable interrupt modes, 

HODE 0,1,2. 

Details of the above mentioned characteristics of the 

Z-80 CPU can be found·in the Appendix. 

Input ~ Output actions are done b;y Z-80 PIO Parallel 

I/O which has two parts aIld provides a rrTL compatible inter­

face between peripherals and Z-80 CPU. 

Hemory devices are; 2 EPHOHS of 2716 type and a RAf>1, 

6116 J?-3, 210:8 bit capacity. 

System clock frequency is 2.0FiHz v!hich is obtained 

from 4.00 HHz. crystal, dividing this by 2 using aD-type 

flip-flop. 



below: 

-
Address Decoding of the system is done as shown 

74-LS139 . 
A 

B 

1G 

~ 

Y'I' 

~ 

~ 

EPRGrJI 1 (CS) 

EPROM 2 (CS) 

RAr'l (CS) 

Figure 3.2 Address Decoding Circuity 

- This scheme of decoding gives such a memory layout; 

~~~~ 07FJ? EPROH1 

080¢ - 0FJ?J? EPROH2. 

1¢¢¢ - 7FJ?J? Unclass.ified 

8¢¢¢ - 87FJ? RAH 

Table 3.1 Memory Layout of the System 
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Hode 2 interrupt mode is selected in order to connect 
'!..1 

control switches to the system.Using this mode a table of 

16~bit starting addresses is obtained for every input service 

routine. When an interrupt is accepted,a 16-bit pointer is 

formed to obtain the desired interrup~ service routine starting 

address from the tuble.The upper 8 bits are loaded to the 

I register,where the lower eight bits of the pointer are 



m 
IORQ 

supplied by the interrupting s\'l:itches.But only 7 bits can 

be used,as the least significant bit must be zero.This is 

required since the pointer is used to get two adjacent 

bytes to form a complete 16-bit service routine starting 
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address and the addresses must always start in even locations. 

DfO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

This mode is used together \"lith the hard\'Jare belm'l. 

7L~LS373 ---1-- .. _--

1 

I 2 . 
1 -,---- 3 -- 4 

l 

. 
----0 5 Interrupt Inputs 
---0 6 

~-~ f-- _0 7 - . 

OE E 
I 

I 
-+5 I 

I 
~! 

i 

I 
.r---J. i 

! I 130 
~ 
~l Dj '---' I 
~. 

ic=t 

.n. 

n 
.+--f 

I L-L-, 
1 

'3 K 

-----:c:>~--I-1-1T-A~ L-----------~Kli~------------------~ 

INT \ / A 

IORQ ---.--- / 

!igure 3.3 Interrupt Hard\'!are 

IORQ and M1 indicai 

:Interrupt Acknm·Jlec 

(Ii~TA) 
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1:1hen one of the s\·:i tches cor..nected to interrupt in-
-

puts is drawn to ground,NAND gate output goes high and sends 

a 1.3 microseconds interrupt pulse through capacitor,resistor 
-. 

network,and at this moment,74LS373 Octal Transparent Latch 

is enabled .and it latches the data on its input.f.1eanwhile 

the CPU generates an INTA signal vlhich enables the output of 

the latch, placing the data taken from the sVli tches to the da­

ta bus.This information supplies the lower 8-bits of the 16-

bit address. Thus CPU jumps to the desired location to run 

the special program, this specific sVli tch vJO.nts to run. 

First ,PortA of PIO is programmed as output,Port B as 

input.Then,after,detection and scanning program 1 Port B also, 

is programmed as output. 

0000 31E587 LD SP,87E5H 

0003 ED5E IIVI 2 

0005 3E07 LD A,07 . 
0007 ED47 LD I,A 

0009 3E0F LD--A,0FH 

000B D302 OUT (02),A· 

000D 3E4F LD A,4FH 

000F D303 OUT (03),A 

0011 AF XOR A 

0012 D36tJ OUT (00) ,A 

0014 FB EI 

0015 76 HALT 

Table 3.2 Reset Routine 
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This routine,sets stack pointer to 87E5ll, chooses in­

terrupt mode 2,loads :t register with 07,programs A port of 

PIO as output and B port as input. 

Interrupt Service Routine Starting Addresses: 

START Switch 07BE 1F 
~~ 

07BF 00 

STOP Sv]i tch 07DE 25 

07DF 07 

P08-X S\'litch 07FC 00 

07FD 07 

Neg-x Switch 07FA 40 

07FB 07 

Pos-~ Switch 07F6 : 65 

07F7 07 

Neg-y Switch 07EE D0 

07EF 06 

Table 3.3 

NTlIis connected to the emergency si'li tch on the con-

trol panel.Output Port A is cOlmected to the stepper-motor 

drivers;4-least significant pins to x-motor,4-most significant 

pins to y-motor.lnput Port B is connected to the detector 

circuity (Pin B0) ~The other six pins are ground.ed.But Pin B7 

is connected as shOVJD belo\'!: 
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B7' 

1 

Figure 3.L~ Drill Simulator 

This circuit enables us to simulate the drilling 

process when the detector comes onto a dot,as if it is dril­

ling the hole,the LED flashes.During these operations Port B 

is also programmed as output port • 

• 
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B. f·jechanical Assem.bly of the Scanner 

Stage scanner used in this system is mainly composed 

of two stages mounted on top of each other with the followinB 

specifications. 

Since for this very spe6ial application,in which very. 

high precision motion is needed, the lead-screvJS and their 

correspondinG nuts should not impose any backlash to the sys­

tem.Al though there are .. ..,ays to avoid this phenomena such as 

coupling the lead-screws vIi th adjustable nuts or using spring 

systems,in the prototype,backlash did not cause any trouble; 

1:1hich is one of the best spec I s of the mechanical system. 

nechanical system,from bottom to up is made up of: 

1) B?se Plate (dim. 260 x 350 z 4mm ) 

2) y-stnge (dim. L~20 x 195 x 4mm ) 

3) x-stage (dim. 270 x 220 x 4mm ) 

4) Glass Plate (dim. 270 x 220 x 4mm ) 

Base plate holds the t\lO vertical plates bct\'lOen v:hich 

the lead-scre\·J and the carrier-she.fts are. mounted that carry 

the y-stage. 

Y-stage is on top of a carrier-sub-plate which is 

mounted onto the nut .and the linear bearing housings by \'lhich 

a ·free slide on the shafts can be achieved.Y-stage holds the 

other two vertic~l plates.On these vertical plates,the other 

carrier-shaft pair and the other lead-screw is found.All 

stages and plates are aliminum. 

X-stage, like y-stage is also carried by another sub­

plate VJhich is mounted to the nut of this lead-screw. 
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Mechanical system,being as mentioned above,uses linear 

motion bearings \'lhich gives the stages almost frictionless, 

smooth linear motion.Each stage has 4 of. these bearings, 

(IKO, D=16 t'ype) imposing a balanced load to the carrier-shafts 

Diameter of the shafts is 16mm. 

Lead SCre\olS have 8 threads per inch.I-1eaning that, one 

revolution of the screvl moves the nut 1/8 inch. Since the step-

per motors,used in this system,have 1.8 degree step angle, 

giving one revolution vlith 200 pulses,as a result,one pulse 

to the steppers mo~s the stages 1/1600 inch.Since no-black-
-" 

lash is experienced,this 1/1600 inch happens to be the resolu-

tion of the system described. 
I Coupling between the shafts of the .steppers and the 

lead-scre\,ls is done as shmom below: 

I '- ~ -- --oU 
Q 

. 
i if,l - ---

\\\~~ ! stepper - J lead-scre\o, 
- --

.~ 

----- p - --

t .. ';" 

Figure 3.5 I1otor Coupling 
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On top of the x-stage,a glass-plate is mounted on 

which the dot-mask is placed for processing. Glass plate,x­

plate combination can be seen in the below figure: 

Figure 3.6 X-stage 

Carrier­
Sub-plate 

Linear 
Bearing 

Lead-Scre\,l 

The mechanical assembly,having the previously mentioned 

characteristics, gives a scanning area of 220 mm by 150 mm. 

ex , y) 



29 

C~ Stepper Motor Drivers 

Although the drive circuitry of a stepper motor has 

to be determined· according to the r~quirements of the appli­

cation (such as the amount of torque needed,speed,acce1eration) 

stepper motors which are used in the system were available 

before the mechanical assembly (i.e. stage scanner) is rea-

1ized.So,there was 'the obligation of making a suitable drive 

circuitry for these stepper motors considering how a scanner 

design may be the best for the application. 

Since in this app1ication,scanning is done with very 

small intervals (1.27mm),time is a very important factor in 

the process.So,motors have to be forced to be driven at the 

probable maximum speed,by acce1eration,steering at that speed 

and deceleration finally. 

Nechanica1 assembly is so designed that almost fric­

tionless movement is obtained vlhich means that there "Jas no 

need for high torque output from the steppers.This charac­

teristic of the scanner created a chance to speed up the 

stepper motors '. 

Vlhen speed vs torque characteristic of the steppers 

is examined,it is seen that as speed increases,torque out­

put decreases accordingly. Since Slovl constant speed is also 

needed \,Ihen acceleration is not possible because of short 

paths, studying the Start Vii thout Error Curve (the stepping 

rate v!hich a motor can start and stop \vithout losing a step) 

indicated that, a speed around 200 steps per second, \,lill 

. ~ ~ d . t be good enougb for the conS",aTI", spee requlremen s. 
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• f,i~f 

Since h~gh:~orque output is not needed for this 

application,it is decided to choose· a drive circuitry which 

is best for fast acceleration and variable frequency opera­

tion;and a chopper drive is preferred after studying the 

drive types. 

An inductor of inductance L,havinG resistance R, 

behaves according to the .belovl formula "lhen a voltage V is 

applied on its terminals: 

. di . 
V = L -+R~­dt 

Taking Laplace Transform,we get, 

..:L = sLI(s)+RI(s) 
s 

I(s) = V = (V I R) _ (V / R) 

s(sIrt-R) s 

I (t) ;.l.( 1-exp (-tR/L) ) 
'R 

s+--+­L 

In our case 'Vre eq,uate the above equation to 0.7 A 

rated current,and we obtain, 

V =-
20 

From here, 

-:;lj 
(1- exp(-t/3x10 ~» 

-;;;( (1_J..L» t = -3x10 ./ In 
V 

If V=30 V, then t=1.8 ros. 

vlhere R=20 ohms 

L=60 mH 
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If V=42 V, then t=1.2 IDS. 

It is seen that increasing the voltage applied to 

a vlinding, increases the time to· reach a specific current. 

From the above equation,we deduce that a voltage of approxi­

mately 42 volts can give an operation frequency of 834 Hertz. 

This fact is one of the importrult design criteria of the mo~ 

tor· drivers. 

Drive circuitry of one stepper motor is designed as 

in figure 3.7,and the operation of the circuit is as the 

following: 

According to the coming excitation pulse sequence 

from the microprocessor card,to either one of the transistors 

Q2A,Q5A,Q2B,Q5B,corresponding motor vlinding is chosen and 

connected to the high voltage through povler transistors, 

Q1A' and Q1B' until the rated current of the vlindings is reached. 

~his rated CLITrent is detected on current sensing 

resistors R5A and R5B,turning on transistors Q6A and Q6~' 

which draw Q1A and ~1B i!}-to cut-off.At this moment,the 10\v 

voltage suppl;y is connected to the vlindings in order to 

prohibit the pOirIer that ,vill be dissipated on Q1A and Q1B 

\'Then rated current is passing through. 

Diodes D3A,D4A,D3B,D4B and zener diodes ZA and ZB 

are for voltage suppression purposes in order to protect the 

circuitry from high voltage inductive spikes that may be ge­

nerated.Diodes D2J .. and D2B are to inhibit reverse current to 

10v1 voltage suppl;r,\o'hile diodes D5A,DGA,D5B,D9B are included 

in order to avoid nesati "I.re spikes through windings. 
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D. Detector 

Detection system consists of the following compo-

nents: 

'1- A photo-transistor as a detector 

2- Lamp (12 V) 

3- Comparator (L11 324) 

Photo-transistor is connected in common-emitter 

mode,collector voltage being the output.Its base being exci­

ted by radiation,photo-transistor gives an output according 

to the light intensity falling onto the base.Thus,voltage 

seen on its collector vary ''lith light. 

In order to obtain sharp transitions and stable vol-

tages,a comparator is connected.to the collector of the 

photo-transistor as shovlU in figure 3.8. 

To Z-80 PIO 

port B,pin B¢ 

+ 

Figure 3.8 Detector Circuitry 

...-,Dot mask -
- -- Glass Plate 
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By using the potentiometer,the offset voltage is set 

to 1.2 V,which means that,when the voltage at the collector 

of the photo-transistor rises to or above 1.2 V,the compa­

rator raises its output to high (Lj. V).BelO\'/ 1.2 volts,output 

is at low level (0.55 V). 

In the Z-SO PIO specifications, input lovl voltage is 

given as O.S V,and input high voltage as minimum 2 V.Since . . 

comparator output is connected to Z-SO FlO pin B¢, a vlrong 

data input is avoided, \"lhich can be encountered due to the 

oscillations. 

This information coming from the detector through the 

comparator is used to decide vlhether there is a hole or not 

at that node. 

Since the photo~transistor has a very narrOVl sensi­

tivity angle,the lamp has to be located in perfect alignment 

with the photo-transistor.Also,a diapp~am is put on to the 

lamp, to shO\v only the filament to the photo-transistor. 
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E. Power Supply 

Voltage levels required in the system are:· 

1) 42 V for the high voltage side of the drivers 

2) 18 V for the low voltage side of the drivers 

3) 10-12 V for the lamp 

4) 5 V for the processor-card,detector,comparator 

High voltage is obtained just by rectification through 

diodes,and filtering bycapacitors using a 32 V AO supply as 

shm·m in figure 3.9. 

rV . ------7>.. 

32 V 
AO 

• 

+ 45 V 

2200~F 
80 V 

Gnd 

Figure 3.9 High Voltage Supply 

Although the output·of the above circuitry is around 

L~5 . volts at no load, when loaded output drops to 42 volts, 

which is sufficient to fulfill the high voltage requirement 

of the driver card. 

Oth~r voltage levels are obtained using voltage regu­

lator I01s,as given in figure 3.10.Voltage levels,18 and 5 

volts are derived from 7818 and 7805 regulators with 1 A­

ratings.Lamp voltage is supplied by using a 723 10 (Variable 

Voltage Regulator).This supply is made variable in order to 



set the intensity of the lamp to a level so that the photo­

transistor output voltage can be at the optimum level. 
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19 V 1N4001 7818 I I 7805 i----.
r
--o + 5 V 

rv 

'(~ ?;< 
"/ '/'1,4.7 c::=! ~ 0.1 L 7 =:J 0 1 jl -= 0 1 

I~! __ )'~_II_J'_'F _ > "':" I T rF II'F. 
Gnd 

r-------.~-------~p + 18 V 

j 
1-=-. -=-3-<SL~_' -----.-.,,, + 5 ~ 15 V 

11 
1723 3 

O.1fF 

Figure 3.10 Lm'l Voltage Supplies 

Approximately 500 rnA is dra\\TI1 from the 45 V supply, 

and 700 rnA from the above supply card (200-250 rnA processor­

card,70-80 rnA lamp,350 rnA driver). 
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CHAPTER 4 

SYSTEH SOFT\'JARE 

System software can be devided into four main prog­

ram blocks: 

1. Line Detection Program 

ii. Frame-length Detection Program 

iii. Scanning & Store Hole-Positions Program 

iv. Drilling Program 

There are also a fe\-1 sub-programs \'lhich are used in 

each of the above mentioned programs, and these include; 

a. Constant Delay & Variable Delay Programs 

b. Acceleration & Deceleration subroutines 

c. Constant Speed Subroutines 



A. SUBROUTINES' 

I. Constant Delay 

This delay routine is used at constant speed move­

ment programs. (Routine DLY).It is 8017 T cycles long.Since 

system clock frequency is 2 ~lliz.(one T cycle is 0.5 micro­

seconds),this gives us a delay of; 

8017 x 0.5 x 10-6= 4.0085 msec. (249 Hz) 

II. Variable Delay 

The Variable Delay routine is used v/here a delay of 

different durations is needed,namely in the acceleration, 

maximum speed and decele.ration routines (Routine VDLY). Its 

delay is given by the relation below: 

((133 x 0.5 x 10-6) M )+ 5 microseconds 

Multiplier M,is loaded before the VDLY routine is 

called,and it determines the duration of the delay. 

III. Constant Speed Subroutines 
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As mentioned before,in order to rotate the rotor of 

the stepper motor,a four-bit pattern must be sent to the 

appropriate windings in a spacial sequence. 'llhese patterns 

are A,9, 5,6 in hexadecimal form (1¢'1¢, 1001,0101 ,¢11¢in binary) 

for clockwise rotation; 6,5,9,A in hex. for counter-clockwise 

rotation. 

'AI port of the PIO is used to output these patterns. 

The least signific~nt four bits ( 03,02,01,0¢ ) are connected 



to X-motor;the rest ( 07,06,05,04 ) t'o the Y-motor through 

the motor drivers. 
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Since one port is used for both of the stepper motors 

and one of the motors should be in standstill state while 

the other is rotating,the bit- patterns of the motors should 

be stored in the memory as shovm belO"l for use in the routines. 

Memory Address Bit Pattern 

07A0 H 0A H 

07A1 H 09 H 
For X-Notor 

07A2 H 05 H 

07A3 H 06 H 

07B¢ H A0 H 

07B1 H 90 H 
For Y-l-1otor 

07B2 H 50 H 

07B3 H 60 H 

Table 4.1 Notor Constants 

As it is S':len from the table, most significant four 

bits of the x-motor bit patterns,snd the least si~1ificant 

four bits of the y-motor bit patterns are zeroes,not to ener­

gize the other motor vlindings while one of them is rotating, 

therefore not drm'ling excess current at stcindstill. 

Using the above mentioned bit patterns and delay 

routine DLY, the constant speed routines are vlri tten as ShO\rffi 

in the following figure LJ-.1. 



IX ...- ¢7A3 H 

B - ¢4 

A ..... (IX) 
PORT ¢ .... A 

DELAY 

No 
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IX ...... IX - 1 

B ~ B-1 

No 

Figure 4.1 X-motor CCW Constant Speed Routine 

Since one step of the stepper motor gives a 1/1600 inch 

linear motion;in order to move one grid length that is 1/20 

inch,motor has to be stepped 80 times(80 Decimal = 50 Hex.). 

In these constant speed routines H register of the 

processor is used as the step counter.At every 80 step count, 



the routine repeats itself to move orie more· grid length. 

Figure 4.1 is the flO\'lchart 'of the routine to move 

\ the x-motor such that the upper (x-table) stage moves in 

positive-x direction (i.e. aVlay "from the motor). 

There are four routines,which are called by using 
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the interrupt mode 2 of the Z-80 through the control panel 

switches,giving manual control of the X and Y stages by which 

the detector can be positioned on the dot mask any\"lhere de­

sired.These are negative and positive X and Y direction 

movement routines,located at; 

0700 H X-Stage ,Positive-X (away from the motor) 

0740 H X-Stage ,Negative-X (to\'lards the motor) 

¢765 H Y-Stage,Positive-Y (tovJards the motor) 

¢6D0 H Y-Stage,Negative-Y (avJay from the motor) 

These routines move the stages continiously until 

the STOP button is pressed on the control panel. 

IV. Acceleration & Deceleration Routines 

Acceleration and deceleration routines are \vri tten 

using the same logic of the constant speed routines,but 

v~rying the delay durations.Delays are determined according 

to the acceleration and deceleration constants determined 

experimentaly by running the stepper motors until the desired 

profile is reached,and these constants are listed in table 4-.2. 

Acceleration takes place in elev~n steps,reaching a 

speed of 791 steps/sec at the final step giving a profile 

as shoVln in figure 4.2. 



Address Constant Step Rate(sfeps/sec) 

~7C~ 3F 238 

~7C1 3D 245 

~7C2 3A 260 

07C3 34 289 

07C4 2B 349 

07C5 25 406 

¢7C6 2¢ 470 

07C7 1A 578 

07C8 17 654-

07C9 15 716 

¢7CA 13 791 

Table 4.2 Acceleration Constants 

Speed(steps/sec) 

900 r 
I 

800 1-----· 
700 -- -

I 600 -.-

500 !---

;~~ t 

.:..-----7f----~\ 

\ 
\ 

i 

\ 
\ 

.............. 
--.- -- -- - - -. - - ---. 
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200r 

100 + 

- ...J.1_....--,.:-1. , . _I-->-_'-"-+-' -'-I ..... , 1---'-' ---7.~'7;--------'-I-r-1 ~--r-i .,.... -;-. ___ ~ __ -'---_ 

----'~ -"<'--- tmax.speed~~· tdec~ time 

F """'7'>e l.J.. 2 Acceleration/Deceleration Profile ~b\.U. , • 
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Deceleration constants are the same ·as acceleration 

constants,first constant being the last one in table 4.2, 

and they are vlri tten into memory locations from ¢7D¢ to 

¢7D9. 

The flovlchart of an acceleration routine is given in 

figure 4.3,on the next page. 

In the deceleration case,IY index register is loaded 

with ¢7D¢ which is the starting address of the deceleration 

constants, and register C is loaded \.;i th ¢AH because decele­

ration takes place in ten steps. 

After acceleration, motors are fed vli th a 835 steps 

per second pulse rate, increasing the speed of the stages to 

their maximum velocity. 

/ 



4-4-

r 

IY ~ 07c0 H 

c ~ 0B H 
--. 

J 
~ 

H ... 00 

'" 
IX ~ 0?A0 H 

B~ 04 
1 
~. 

A ..:- (IX) 

- PORT 0 ~ A 

E~ (IY) I 
~ 

Variable 
Delay 

-~ 

H oE- H+1 

? 
Ifo 

IX~IX+ 1 
, 

H 50 H 
.~. 

Yes 
B ~ B- 1 

IY *""" IY + 1 
B ? 0 No 

C ~ C - 1 

~~ Yes 

No 

-

Figure 4.3 Acceler&tion Routine l;'lo\'.'chart 
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B. 11AIN PROGRA~ffi 

I. Line Detection Program 

In general,this program searches the frame lines, 

and locates the detector on the top right corner of the ring 

mask. Program operates as follovlS: 

1). Detector moves up (y~stage moves in negative-y 

direction) in4-step intervals and inputs data through port 1. 

a. If input is zero (that is no hole),program 

returns to 1),in order to move 4 more steps. 

b. If input is 'one' (that is hole-position or 

frame-line),detector is moved 68 more steps in order to 

measure the depth of the blackness,taking data at every 4-step. 

i. If a zero is detected in one of these 4-

step movements,program returns to 1). for further search. 

ii. If a zero is not detected (meaning that 

all of these 4-step movements give high(one)),program decides 

that it has found the upper frame line of the card.Because 

the maximum possible diameter of a hole position is 54 steps. 

I 
,. , @ 

80 steps viide 

3X ;::: SO x ;::: 27 

Diameter of a dot ;::: 2X = 54 steps 

Figure J·l·.L~ Dot dimensions 



2). Then the detector steps back from the upper line 

by the amount it entered plus one g~id length,giving a total 

of 150 steps. 

3). After these operations,detector moves towards 

right (x-stage moves in negative-x direction,towards motor), 

inputing data at every 4-step. 

a. If a zero is detected,detector continues its 

movement in the Sfulle manner as explained in 3). 

b. If a high level is detected,thisis for sure 

the right side frame line,because as explained in the 'opera­

ting the system' section,there should not be any dots,one 

grid below the upper frame-line. 

4). Detector then moves one grid length in the oppo­

site direction (towards left),and stops a moment to continue 

with the next program. 

This final location of the detector after this line­

detection program,is the zero-position reference point,there­

after all calculations and length measurements are done 

according to this position. 

FlovJchart of this program is given in figure 4.5. 



N 

. Frame Line Detection Program 

A ~ PORT 1 N 

OF ~ CF 

2:: 
-' 

IlL ..- YTEP4 

B ... 04-

A ~ (HL) 

PORT 0 ~ A 

DELAY 

HL ~ HL-1 

o -E- 0-1 

STOP 

DELAY 
(j sec.) 

HL -+- YST3P1 

B +- 04-

A ..... (EL) 

PORT 0 ~ A 

DELAY 

HL ..c,- I-IL+ 1 
----
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N 

A ~ PORT 1 

y 

OF ~ 1 

o ~ 11 H 

1 
.1 (1) 
"-"/ 



N 

C ... C-1 

STOP 

DELAY(1 sec) 

HL ~ XSTEP1 

B <E- 04-

A oE- (EL) 

PORT 0 ~ A 

DELAY 
HL ~ EL+1 

A ~ PORT 1 

STOP 

DELAY(1 sec) 

HL ~ XSTEP4-

B <IE- ¢4-

(3) 
\ .. , 



® 

N 

A -E- (HL) 

PORT ¢ ~ A 

DELAY 
HL ...,:- HL-1 

STOP. 

DELAY(1 sec) 

Frame-length 

Detection 

Program 

N 

Figure 4.5 FloVlchart of Lin,e-Detection program 



II. Frame-Length Detection Program 

This program measures the x and y lengths of the 

frame of the card and operates as follovlS: ' 

50 

1). Detector moves towards left (x-stage moves in 

positive-x direction,mvay from the motor) ,·>lith constant 

speed of 246 pulses/sec.,incrementing the grid counter at 

every 80 step,Ul1til the detector observes the left-side line 

of the frame. 

2). Then this length information in its grid counter 

is stored (by subtracting 2) into the memory location XLNGTH. 

TVIO is subtracted because detector could have entered the 

frame just at the end of the grid length,and the other grid 

is subtracted to leave one grid empty on every side of the 

card. 

3). Since acceleration and de~eleration steps add up 

to 21,(11 grids for acceleration,10 for deceleration),this 

number is compared "'lith the x-length measured by the system. 

If x-length is greater than 21 grids, system returns to zero 

position by accelerating to maximum speed.If smaller or equal 

to 21, then it returns \';i th constant speed. 

4). Y-length is also measured in the same way as ex­

plained in 1,2,3 above.This time, same control signals and 

step commands are send to the y-motor.Thus,bottom-stage moves 

and performs the same procedures.Y-length is stored into 

YLNGTH,and detector finally returns to zero-position. 

Flowchart is given in figure 4.6. 



Frame-length Detection Program 

\1AY ~ ¢1 I 

Call 
HVINXL 

A ~ PORT 1 

II 

A ? ¢ ~y~~>--------~-

N 

" STOP 
DELAY(1 sec) 

XLI';GTH .- L-2 

XPATH ~ L-15H 
PATH ~ XPATH 
V1AY ~ L 

L ~ 15H 

Call 
NVINXR 

y 

DELAY (1 

, 

sec) 

N 

... 

Call 
XRACC 
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VJAY~ ¢1 

Call 

HVINYD 

L .oE- L+1 
A ~ PORT 1 

STOP 
DELAY(1 sec) 

YLNGTH ~ L-2 
YPATH ~ L-15H 

. PATH ~ YPATE 
\<JAY +- L 

Call 

EVIHYU 

DELAY(1 sec) 

'/ 

N 

XPATH ...- XPATH-2 
YPATH ~ YPATH-2 

XINC -r XUJGTH+1 
XL2 ~ XLNGTH+2 

Scan 

Program 

Call 

YUACC 

Figure 4.6 
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III. Scanning~and Store Programs. 

This program scans the vlhole card in meander pattern 

taking data at every 1/20 inch interval(which is the node 

separation of the grid),and storing the data taken according 

to a pattern given in the STORE routine for further proces­

sing in the DRILLING program. The operation of this program 

is as follov/s: 

1). Program first determines whether the scanning 

vTill take place at constant speed or in the maximum speed 

mode. Decision is made according to the length in the x-di­

rection(LNGTHX).If x-length is greater than 21 grids (sum 

of acceleration and deceleration steps),then program enters 

the maximum speed mode.If not,scanning is done at constant 

speed (scanning vii th OSOAN routine). 

2). Scanning is done in the follovling manner when 

the maximum speed mode is selected due to XLNGTH. 

a. Since XLNGTH is knovln, and sum of acceleration 

and deceleration steps i~ 21, length which vJill be travelled 

with maximum speed is calculated by subtracting 21 from 

XLNGTH and storing this ,value into memory location XPATH. 

b. Scanning of the line,is done first by accele­

ration and ,taking data at every node by calling the STORE 

routine.Then stage reaches its maximum speed,travels at this 

speed by the length in XPATH (again taking data at each node 

by STORE routine)and decelerates in ten steps and stops at 

the end of the line. 

Odd numbered lines are scanned from right to 

. left, ,-,hile the even ,numbered lines are scanned from left to 
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right in the same format explained in 2.b. 

c. At the end of every line, LASTST (Last Store) 

routine is called. Since data (hole-position information) are 

stored in 8-bit blocks into the memorY,even though a byte 

is not completely filled at the end of a line,it is stored 

half-full ,to prepare the store routine for the new coming 

data belonging to the next .line to be scanned. 

3). After the above mentioned steps,the y-stage 

moves dm'Tn one grid, and the y-length is decremented by one. 

a. If y-length is not covered totally,that is 

if the scanning of the card is not finished,scanning proce­

dure continues as explained in 2a,b. 

b. If the sca~~ing of the card is finished at 

the end of an odd-numbered line,detector is returned to zero­

posi tion by a routine called SRTlm1 which first makes the 

x-stage move by XLNGTH long (1:1ith or vlithout acceleration 

depending on the x-length) , and then the y-stage,YLNGTH long. 

c. If the scanning is finished at the end of an 

even numbered line,program jumps to SRTNZ2 which is a part 

of the program SRTNZ1,to move the y-stage until the detector 

is again placed at the top right corner (zero position) of 

the card. (Returning to zero position is necessary for the 

drilling process) • 

. 4). Sub-routine STORE is the main part of the scan­

ning and detection program, vlhose operation is as follo1:1S:· 

a.After exchanging registers,accumulator and 

flags currently used with the other register set, routine in­

puts data from port 1 (i<lhich is the input port). 

b. Then retrieves the previous hole-position 



information byte from memory location LOC2,rotates right 

and performs logical OR operation on this byte "lith the ne\'l 

input byte as shO'w'm belo\'J. 

From LOC2 RRC 

100101000\ -~) 1000101001 
• 

OR 

New Data --4-? I 00000001 I 
.J 

Stored into LOC2 ~<---1[ 00010101 I 
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c. LOC1 holds the bit count.In the beginning,it 

contains 8,but decremented after each above mentioned opera-

tions are performed. \-ihen LOC1 is decremented to zero, meaning 

that 8 consecutive hole-position information is read,and one 

byte is filled. Then routine jumps to STH (Store to memory) 

routine within the STORE program. 

d. STH routine retrieves the data from LOC2, 

rotate right one more time,and store this form into the me­

mory location ,in 'I:lhich STAl'1 (Starting Address of i-Iemory) 

contains.Initially,STAl'1 contains 8000H,\'lhich is the first 

RAH location in the system.After each byte-store,STAH content 

is incremented by one,LOC2 is cleared,and LOC1 is loaded 

\ii th ¢8, in order to process the nevi coming data. 

e. LASTST routine (Last Store),within the routine 

STORE, stores vlhatever data are in LOC2, after rotating the 

content LOC1 times in order to make this data fit to the 

reading sequence. 



" STORE routine takes 118 T cycles (59 micro-sec.) 

if a store to memory is not performed,and 233 T cycles,if 

performed (116.5 micro-sec.).This means that the routine is 

fast enough to function properly even when motors are run-
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:r. 
ning at their maximum speed \V'ithout imposing any constraints 

to speed. 

5). Constant speed scanning routine CSCAN uses 

HVINXL, HVINXR and f1VINYD vJhich are constant speed routines 

and the scanning of the card is the same as in the maximum 

speed case, also utilizing STORE routine for hole-position 

detection. 

Flowcharts of- these routines·are given in figures 

4.7 ,4.8 ,4.9. 

In figure 4.11,detector movement in each program 

is given schematically. 

,. 



Scanning Program 

'I 

L ~ YLHGTH 

Call STORE _ 

CSCAN 
Routine 

- - . - - _. - -r----=----'---~--':::-....,- - - - - - . -1 

I 
I 

·1 

I 
I 

I 
I 

I 

I . 
I 

I 
I 

I 

C ~ ¢BH 

Nove & Accele­
rate one grid 

Call STORE 

C ~ XPATH 

. 
Hove at max. 
speed one grid 

Call STORE 

Decelerate & 
move one grid 

f-r--. \ 

,-

' I 

I 
I 

I , 
I 
I 

I 
I 

1 

. I 
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I 
I 

I 

Call STORE 

I 

Call LASTST. I 
------------ ._---_._----j 

STOP 

DELAY(O.1sec) 

\'lAY ~ 01 

Call HVINYD 

~ DELAY(O.1~ec) 

L --- L-1 

Call STORE 

y 

Nove the detector 
to'r~Ght'the s~rne -
as Given in the 
dotted box above 

STOP 

DELAY(O.1sec) 

vlAY ~ 01 
Call HVINYD 
DELAY(O.1sec) 

L-- L-1 

SRTl';Z1 



y 
.SRTNZ2 

Figure 4.7 Scanning & Detection Program 

CSCAN (Constant Speed Scanning) Routine 

L "*- YLNGTH 
..... ---'-'. 

~~------------~~~ 
C -E- XLNGTH 

\JAY ~ 01 
Call HVINXL 
Call STORE 

C -E- C-1 

Call LASTST 

STOP 
DELAY(O.1sec) 

V'lAY ~ 01 
Call HVIHYD 
DELAY(O.1sec) 

(F· 

N 
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® 
L ~ L-1' 

Call STORE 

C ~ XLNGTH 

WAY ~ 0'1 
·Call ~1VIrr.t.R 

Call STORE 

C -Eo- C-1 

.~ y 

Call LASTST 

~ 
STOP 
DELAY(O.1sec) . 

~ 
':lAY ~ 01 
Call IWINYD 

DELAY(O.1sec) 

t 
L ~ L-1 

i 

Call STORE 
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y 
SRTNZ1 

SRTHZ2 

Figure 4-.8 CBCAH Routin 



STORE Routine 

Exchange 
Registers & Flags 

A ~.PORT 1 
B ~ (LOC2) 

RRC B 
A .OR. B 
LOC2 ...... A 

j 
LOC1 ~ LOCi-i 

6'1 

~~N __ ~-?'_I Exchange R & F 

~-------------~--~v y _____ t~ ____ ~ 
A ~ (LOC2) I Ret=n 

~ . 

LOC2 -.E- A 

RRC A . 

STAB oE- A 
STAN ~ STAill+i 

LOCi ~ 08 
LOC2 ~ 00 

Exchange R & F 

Return 

LASTST Routine 

A ~ (LOC2) 

RRCA 

LOCi ~ 0 

y 
Figure 4.9 STORE & LASTST 

Routines 
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SRTNZ1 Routine 

DELAY(1 sec) 

\1AY ~ XLNGTH 

--:::'-:Y~""""---1 Call HVIl'-l-xIl 

PATH ~ XPATH 

Call XRACC 

SRTNZ2 

SRTNZ2 Routine 

DELAY(1 sec) 

~-

\'lAY +- YLNGTH 

~Y Call HVIHYU , 

. N 

PATH - YPATH 

~ 
Call YUACC 

,. 
,:'" 

1 
\I 

STOP 
DELAY (1 sec) 

t 
DRILL ROUTINE 

Figure 4.10 SRTHZ1 g~ SRTNZ2 Routines 



I. Line Detection Program 

. . . .. . .. 
"Detector 

II. Frame-length l'ieasurement Program 

Return-path 
is the same 
line 

/ 

III. Scanning Program (meander pe.ttern) 

/ 
/ 

/ 

./ 

j 

. Figure 4.11 Detector Hovements in eaoh program 
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IV. DRILLING Program 

This program retrieves the hole-position information 

from the memory and performs the drilling process according 

to these data using an optimum-path algori tm, \'lhich operates 

as follows: 

1). 'Routine first clears certain areas of RAI-1 which 

will be used during the program,and does some initialization 

by loading data to appropriate registers.Since the scanning 

of the card is done first from right to left,then froD left 

to right,the drilling program also,operates in a different 

fashion \'lhen lines are odd-numbered or even. The data of an 

odd-numbered line are processed as described. 

a. One byte of information is takE~n from memory 

and bit by bit a '1' is looked for.At every test,incremented. 

X-length value is decremented(vlhich is in fact the node num­

ber on this line) .Zeros do not cause branching, but vlhen a 

'1' is encountered,its location on that line is written in 

to the memory starting f~om FRSTIX (S73¢H).By not considering 

zeroes in a byte,rol.ltine only records the locations of '1's 

till the line ends. 

For exa~ple,if the x-length of the card is 

190 ,this means there are 100 grids,but 101 nodes.There is 

the possibility of having 101 hole-positions on this line. 

This -~~mber is decremented every time a bit in a byte is tes­

ted.For instance,Vlhen a '1' is found in a byte and the regis­

ter contains 69.This '1' is said to be at node 69,beginning 

being the 101st node \·,hose position is at the rightmost side. 

b. After this search till the end of the line, 



memory location of the last stored hole-position is put in­

to LAST IX , and the address of next byte to be tested in the 

second line is saved in SAVEHL. 
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c. Then a test is done whether there exists a 

hole or not on this specific line.If there is not a hole,one 

grid length is moved down in the y-direction and the routine 

jumps to FTR,to trace the second line. 

i. If there is a hole,it is tested whether there 

is only one hole position.If it is so,hole location is com­

pared with the OLDX (\vhich is the old location of the motor 

in the previous line.In the beginning,motor position is the 

XINC,incremented x-length value).Comparison decides whether 

hole is at the left or at the right of the old motor position. 

If they happen to be at the same location,drilling is made, 

(ini'act simulated by turning on a LED for a fe'Vl seconds). 

If the hole is at the right side or at the left side of t:q.e 

motor,the distance to be travelled is calculated and moved 

to the hole location Vii th or vIi thout acceleration depending 

on the distance bet\'leen the hole position and OLDX. 

ii. If there is not only one hole on this specific 

line, a test is made '\tlhether the first hole is at the right 

of the old position of the motor.If it is not,meaning that 

it is at its left,motor moves left to this first hole-posi­

tion and performs the drilling from this point om'lards from 

right~o left.If the first hole is at the right of OLDX,a 

comparison is made between the distance of the first hole 

and OLDX, and the distance bet\'leen last hole and OLDX.If first 

hole is nearer, motor moves to\vards right on to the first hole 

and starts drilling from here (from right to left).If the 



last hole-position is nearer,motor moves towards left onto 

the last hole to perform the drilling from here (from left 

to right). 
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After the hole-positions are processed as explained 

and drilling is completed on this line,stage moves one grid 

in y-direction,and routine jumps to the second line trace 

section of the program. All of the above mentioned procedures 

are true only for odd numbered lines due to the fact that 

scanning and detection of hole positions are done in the 

. same format and direction. 

2). FTRACE routine searches the memory as in the 

STR routine,but it is for even numbered lines and hole loca­

tions are calculated differently. 

a. vlhen a '1' is found in a bit test,decremented 

value of XINC is subtrac.ted from XL2 \';hich is tVlO-incremented 

x-length in order to make the grid node numbering system 

similar to the odd-lines.Because in the even-numbered line 

case,the first data are at the left side of the card whereas 
'. 

in the odd-lines,first dc:-ta are at the rightmost side of the 

card. 

b. After necessary store procedures are completed 

as in 1.b,a test is done whether there exists' a hole or not 

on this line.If not,one grid is moved in y-direction,and 

control is passed to STRACE to trace the next line. 

i. If there is only one hole,its location is 

compared \'lith OLDX vlhich determines vThether hole is at the 

left or at the right of OLDX. And accordin~ to the direction 

decided by the comparison,motor is moved and the drilling is 

performed. 
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ii. If there are more than one hole,a test is 

made whether the first hole is on the left of OLDX.If not, 

motor moves tmvards right to drill this first hole, and 

continue with others from here .on (from left to right).If 

there exists a hole at the left of OLDX,a comparison is made 

bet\veen th~ distance of first hole location and OLDX, \·:i th 

the distance of the last hole location and OLDX. 

If the first hole is nearer, motor moves to\·lO.rds 

left to drill the first one and continue l;li th others fro!I1 

left to right.If the last hole is nearer,it moves to right 

to drill the last hole,and drill the others from here to left. 

After the drilling of all the holes on this 

line is completed,stage moves in y-direction one grid down, 

and checks \vhether the card is finished or not. If not, program 

jumps to the other line in order to continue the drilling. 

If the card is finished,detector (now being the drill), 

returns to zero-position and enters in a HALT state \'Jai ting 

for- the command to drill the other card. 

As it can be see~ from the above explained drilling 

scheme, progra.m utilizes an optimum-path algorithm "'lhich re­

duces the scanning time considerably during drilling. 

The schematic explanation of hOlt1 clrilling isperformed 

and the floVlcharts are given in the follo\,ling figures. 
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Drilling of holes on odd-numbered lines 

® 
• 
~-----

-----.~1-
t Lt . ..t ...... · __ ~'-__ 

- - --Last line drilled 

- - --Next line to be drilled(odd-no) 

a). If there is only one hole to 
be drilled, drill moves directly 
tovlards it according to its 10-

cation(right or left).If it is 
just on it,it drills and moves 
to the other line. 

b). It searches right,side,if no 
hole,it moves directly tothe 
nearest hole 'and continues. 

c). If there is a hole on the right, 
distances A and B are compared. 
If A is smaller,it goes to right 
first, then continues to left. 

d). If B is smaller,it goes to left. 
first, then drills towards right. 

e). If all of the holes are on the 
right,it goes to the nearest one 
and drills tovlards right. 

f). If it happens to be on a hole, 
and no holes on its left(or righ! 

it drills this one,8nd continues 
drillint; tOvlards right (left) 

Drilling :is the same for even-lines, but it first looks on its 

left side due to the scanning format. 



(IX) ~ C 

IX oE- IX+1 

Drilling Program 

B ~ 90H 
HL ~ 872DH 

(HL) ....... 00 
HL -E- HL+1 

C ..::- (XING) 

(OLDX) ~ A 

D 11(-0 (YLNGTH) 

HL ~ STRAH· 

IX ~ FRSTIX 

BIT X,HL 

C~G-1 

IX ..rr- IX-1 

(LAST IX) ~ IX 

HL ~ HL+1 

N 

IX -E- FRSTIX 

(SAVEHL) ~ HL 

x ~ X+1 

HL ~ HL+1 



(SRIGHT) 1 

HLHOVE (:~ 

A ~ (FRSTIX) 
E ~ (OLDX) 

B ~ (FRSTIX) 

E ~ (LASTIX) 

A ~ (OLDX) 

r--.:..----':;,----'--~. ~ 

E~ (OLDX) 

A ~ (FRSTIX) 

K ~ A.;..E 

E ..0,- (FRSTIX) 

A ~ (OLDX) 

(\,IAY) -e- A-E 

y 

y 

Call 

HOVINY 

FTR 

(SRZERO) 
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~Y-~0 (HLJ.!OVE) 

-=:::--~(8) (SLZERO) 

y C0 (STtZERO) 

(SRI10VE) 



H ~ A+DSTP 

(PATH) ~ (WAY)-H. 

Call XLACC 

(vlAY) ~ K 

H ~ A+DSTP 

(PATH) ~ (V1AY)-H 

Call XRACC 

,Y 

y 

Call 
HVINXL 

Call 
1'1VINXR 

SRZERO ~~------------~~------------------~ 

., 

. SFETL 

Call. DRILL 

IX ~ FRSTIX 

E +- (IX+1) 
. 
A ~ (IX+0) 
(SAVEIX) ~ IX 

(HAY) ~ A-E 

H ~ A+DSTP 
(PATH) ~ (UAY)-H 

y 
(FTRAC) 
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to SFRTL 

Call XLACC 

Call DRILL 

IX ~ (SAVEIX) 
IX·~ IX+1 

SLEFT ~1--~-----~1 

RLM 

IX -Eo- (LASTIX) 
E ~ (IX) 

A +: (OLDX) 

K oE- A-E 

E ~ (OLDX) 

A ~ (IX) 

(\1AY) ~ A-E 

H -c- A+DSTP 

y 
Call 
NVINXL 

::;:;+=-Y--~® FTRAC 

-:>-!-y--~\ 7) SLI-lOVE 

(PATH) ~ (\,lAY)-H 
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·~-4>_-1 Call 

I1VINXR 

CALL XRACC 

a-____ ~. ~ (SLZERO) 

(VIAY) ~ K 
H ~ A+DSTP 
(PATH) ~ (WAY)-H 

Call XLACC 

y 
Call 

MVINXL 

SLZERO ·0}--)r"~· -----~> ~----------=---.J 

Call DRILL 

IX .iE- (LASTIX) 

SFLTR 
~~~~----~~-~ N 

E ~ (IX+¢) 

A oE-::" . (IX-1 ) 

(SAVEIX) ~ IX 

(\'JAY) ~ A-E 
H ~ A+DSTP 
(PATH) ~ (WAY)-H 

y 
(FTRAC) 
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to SFLTR tJ 

FTR 

Call Y..RACC 

Call DRILL 

IX ~ (SAVEIX) 
IX ~ IX-1 

(IX~ 
Y 

(OLDX) ~ (IX) 

Call !·10VINY 

D ~ D-1 

~D 

N 

B ~ 90H 
HL ~ 872DH 

HL ~ 00 
HL ~ HL+1 

y 

C ~ (XINC) 
HL·-E- (SAVEHL) 
IX <E- FRSTIX 

FTRACE 

N 

Call 
HVIN".lR 
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E ~ (OLDX) 

A ~ (XIl'IC) 

(vIAY) ~ A-E 

Call HVINXR 

DRILL . 

~ 
Exchange 

y 

Hegisters & Flags 

~ 
PORT¢ ~ ¢¢ 

J 
Activate Drill 
Simulator . 
(PORT1 ~ 8¢H) 

J 
DELAY (0. 5 sec.) 

~ 
PORT1 ~ ¢¢ 

~ 
Exchange 
Registers & Flags 

Return 

SRTNZ2 

Figure 4.11 Flo'.·lChart of Drilling Program - .. 
(For odd-lines) 
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The.rlowchart of scanning and drilling the·even-num 

bered lines,is about the same as given in Figure 4.11 with 

76 

the differences as explained \vi thin the related parts of the 

drilling program section,and can be examined from the assembly 

language listing of the total program given in the appendix, 

from line number ¢511. 
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DISCUSSION & CONCLUSIONS 

The- stepper motors useg. in the system ,,'ere high 

output torque,not fast steppers which were supplied before 

no calculation or "lork has been done, and they "lere not the 

best ones for this specific application where speed is a 

very important factor.Although,they are forced,to be driven 

with a speed of 835 steps/sec,there are stepper motors that 

can operate vJi th 4000 steps/sec, still supplyinG the torque 

needed in this system. Using such steppers could reduce the 

process time by a factor 5. 

The construction of the mechanical stage scrulner 

vIas so precise that either x or y direction stages had almost 

frictionless linear motion.fhis advantage of the assembly 

gave the chance of increasing the speed of the motors to 

their possible maximum stepping rate by losing some portion 

of the torque output.At maximum speed, which is 835 steps/sec 

stage moves with 1.325 cm/sec velocity (47.72 m/hr).At slow 

constant speed which is ~lso the starting speed,246 step/sec, 

stage moves \'lith 0.39 cn:/sec velocity (14.05 m/m). 

In the beginning of the project,it was thought that 

the backlash of such a mechanical scrumer could be the most 

probable danger for the precision of the v/hole system. But 

there----vlere no backlash experienced even after complicated 

movement schemes.In case, there were methods advised such as 

spring system or adjustable nuts on lead-screws. 

Although the system operation, especially, the dot-
-mask preperation seems to be tedious,it is in fact straight 

forward and there are some advantages coming from the scanning 
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scheme due to this mask preperatio~.One of them is that, 

scanning is done only once,in order to determine the location 

of a hole-position and no need.to calculate its origin,because 

y-coordinate of a hole is known when a line is about to be 

scanned,and only x-coordinate is determined for its exact 

location. 

Drilling routine also brings a considerable amount 

of time reduction in the whole process by using·the optimi­

zation algorithm. 

After some mechanical modifications,system can be 

used as a real drilling machine utilizing its mentioned 

characteristics.Detector,lamp,glass plate combination can 

be designed to be replacable \'lith the drill set, in order to 

perform the drilling process. 
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A P PEN DIe E S 



APPENDIX A. 
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XLNGTH : EQU 87F¢H 

XPATH : EQU 87FIH 

YLNG!H : EQU 87F2H 

YFATH : EQU 87F3H 

XSTEPI : EQU ¢7A¢H 

XSTEP4 : EQU ¢7A3H 

YSTEPI : EQU ¢7B¢H 

YSTEP4.: EQU ¢7B3H 

;Me •• ry location for X-length 

;Memory location for X-path 

;Memory location for Y-length 
' .. 

;Memory location for Y-path 

;Location of first X-motor constant 

;Location of last X-motor constant 

;Location of first Y-motor constant 

;Location of last Y-motor constant 

¢¢¢¢ 

¢¢¢l 

¢¢¢2 

¢¢¢3 

¢¢¢4 

¢¢¢5 

¢¢¢6 

¢¢¢7 

¢¢¢8 

¢¢¢9 

¢¢l¢ 

¢¢ll 

¢¢12 

¢¢13 

~¢14 

¢¢15 

¢¢16 

¢¢17 

¢¢18 

¢¢19 

¢¢2¢ 

XINC 

XL2 

LOCI 

LOC2 

EQU 87F4H ;Location of incremented x-length 

: EQU 87E8H ; " of twice " x-length 

EQU 87F5H ;Location of byte count 

: EQU 87F6H ;Location of incomplete store byte 

STAN : EQU 87FAH 

SAVEHL EQU 87EEH 

SAVE IX EQU 87FCH 

LASTIXEQU 87F8H 

OLDX : EQU 87ECH 

FRSTIX : EQU 873¢H 

PATH 

WAY 

STR..4.M 

¢¢21 A+DSTP 

¢¢22 ACOUNT 

Y'¢23·.~ DCOUNT 

¢¢24 COUl~T 

~~25 BYTE 

¢¢26 STEP 

¢¢27 GRID 

: EQU 87F7H 

EQU 87EBH 

EQU 8¢¢¢H 

EQU 15H 

EQU ¢BH 

EQU ¢AH 

: EQU ¢4H 

: EQU ¢8H 

EQU ¢IH 

EQU 5¢H 

VlAXSPD : ',EQU l2H 

;Starting address location of memory 

;Location to save HL registers 

;Location to save IX register 

; " to store last IX content 

. , 

. , 
It 

n 

to store old position of motOl 

to store fi~st IX content 

;Location to store distance path 

;Location to store length way 

;Starting address of RAM 

;Sum of acceleration+dec. steps 

;Acceleration steps 

;Deceleration steps 

;Motor pulse sequence steps 

;Bit count in a byte 

;One step length 

jOne grid length,80D steps 

;Maximum speed constant 
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¢¢29 LD IX,87F5H 

¢¢3¢ LD (IX+¢¢) , ¢8H 

¢¢31 LD (IX+¢I) t ¢¢H. 

¢¢32 LD HL,8¢¢¢H 

¢¢33 LD (STAf.1) ,HL 

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

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

¢¢37 OUT (PORT¢),A ;and input data 

¢¢38 CALL DLY 

¢¢39 DEC HL 

¢¢4¢ DJNZ OUT 

¢¢41 JP NC,INI 

¢¢42 DEC C 

¢¢43 JP Z,STOP 

¢¢44 IN A, (:PORTI) 

¢¢45 BIT rp,A 

¢¢46 JP NZ,NGY' 

¢¢47 CCF 

¢¢48 JP NGY 

¢¢49 INI IN A, (PORTI) 

¢¢5¢ BIT ¢,A 

¢¢51 JP Z,NGY . ;If input is zero continue 

¢¢52 --- LD C ,IIH ito move,if not move 68 more 

¢¢53 SCF ;steps to determine the depth 

¢¢54 JP NGY 

¢¢55 STOP · XOR A • 

¢¢56 OUT (PORT¢), A 

¢¢57 LD B,FFH 



82 

¢¢58 DELI · CALL DLY · 
¢¢59 DJNZ DELI 

¢¢6¢ LD C,29H ;Nove out from the upper frame 

¢¢61 
. 

PSY · LD HL,YSTEPI · 
91¢62 LD B,COUNT 

¢¢63 OUT3 · LD A, (HL) • 

¢¢64 OUT (PORT¢) ,A 

¢¢65 CALL DLY 

¢¢66 INC HL 

¢¢67 DJNZ OUT3 

¢¢68 DEC C 

¢¢69 JP NZ,PSY 

¢¢7¢ XOR A 

¢¢71 OUT (PORT¢),A 

¢¢72 LD B,FFH 

¢¢73 DEL2 CALL DLY 

¢¢74 DJNZ DEL2 

¢¢75 NGX : LD HL,XSTEPI ;Search for the right side 

91¢76 LD B,COUNT ;frame line . 
91¢77 OUT2 LD A, (HL) 

¢¢78 OUT- (PORT¢),A 

¢¢79 CALL DLY 

¢¢8¢ INC HL 

¢¢81 '~ _____ DJNZ OUT2 

¢¢82 IN A, (:i?oR~n) 

¢¢83 BIT ¢,A 

¢¢84 JP Z,NGX 

¢¢85 XOR A 

¢¢86 OUT (PORT¢),A 
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¢¢87 LD B,FFH 

¢¢88 DEL3 : :CALL DLY 

¢¢89 DJNZ DEL3 

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

¢¢91 . PSX LD HL,XSTEP4 ; frame 

¢¢92 LD B,COUNT 

¢¢93 OUT4 LD A, (HL) 

¢¢94 OUT (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 position 

¢l¢l OUT (PORT¢), A ;location 

¢1¢2 LD B,FF 

¢1¢3 DEL4 CALL DLY 

¢1¢4 DJNZ DEL4 

¢1¢5 FRLGTH .LD L,¢¢ . ;Frame length program 
, 

¢1¢6 FPSX . LD A,STEP ;Measure x-lenBth . 
¢1¢7 LD (WAY),A 

¢1¢8 CALL MVINXL 

¢1¢9 INC L 

¢ll¢ "-~ IN A, (roRTl) 

¢lll BIT ¢,A 

¢112 JP Z,FPSX 

¢113 XOR A 

¢114 OUT (PORT¢), A . 

¢115 LD B, FFH 
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¢116 DEL5 CALL DLY 

¢117 DJNZ DEL5 

¢118 DEC L 

¢119 DEC L 

¢12¢ LD DE,XLNGTH 

¢121 LD A,L 

¢122 LD (DE),A 

¢123 INC L 

¢124 INC L 

¢125 LD A,L 

¢126 SUB A+DSTJ? 

¢127 LD (XPATH) ,A 

¢128 LD (PATH) ,A 

¢129 LD A,L 

¢13¢ LD (WAY),A 

¢131 CALL Z,NVINXR 

¢132 JP Z,DLX 

¢133 CALL C,MVINXR 

¢134 JP C,DL~ 

¢135 CALL XRACC 

¢136 DLX · LD B,FFH • 

¢137 DEL6 CALL DLY 

¢138 DJNZ DEL6 

¢139"'~ LD L,¢¢ 

¢14¢ FPSY · LD A,STEP ; I'leasure y-Iength · 
¢141 1D (\,lAY) ,A 

¢142 CALL MVINYD 

¢143· INC L 

¢144 IN A, (PORTI) 
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¢145 BIT ¢,A 

¢146 JP Z,FPSY 

¢147 
, 

XOR A 

¢148 OUT (PORT¢),A 

¢149 LD B, FFll 

¢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 INC L 

¢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 JY:Z,DLYY 

¢167 CALL C,MVINYU 

¢168 "~ JP C,DLYY 

¢169 CALL YUACC 

¢17¢ DLYY · LD B,FFH • 

¢171 DELS CALL DLY 

¢172 DJNZ DELB 

¢173 LD A, (XPATH) 
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¢174 DEC A 

¢175 DEC A 

¢176 LD (XPATH) ,A 

¢177 LD A, (YFATH) 

¢178 DEC A 

¢179 DEC A 

¢18¢ LD (YFATH) ,A 

¢181 LD A, (XLNGTH) 

¢182 INC A 

¢183 LD (XINC),A 

¢184 INCA 

¢185 LD (XL2),A 

¢186 SCANPR · LD A, (XLNGTH) ;Scanning Program · 
¢187 SUB A+DSTP ;Test for constunt speed scanning 

¢188 JP Z,CSCAN ;or by acceleration 

¢189 JP C,CSCAN 

¢19¢ LD A, (YLNGTH) 

¢.191 LD L,A . 

¢192 CALL STORE . 
¢193 SXPA • LD IY,ACONS ;Start scanning the first line • 

¢194 LD C,ACOUNT ;by acceler2-tion 

¢195 SXPAH · LD H,¢¢ • 

¢196 SXPAR • LD IX,XSTEP4 · 
¢197 "-~. LD B,COUNT 

¢198 SXPAM LD A, (IX+¢¢) 

¢199 OUT (PORT¢),A 

¢2¢¢ LD E, (IY+¢¢) 

¢2¢1 CALL VDLY 

¢2¢2 INC H 



(b2¢3 

912914 

¢2¢5 

¢2¢6 

¢2¢7 

¢2¢8 

(b2(b9· 

¢21¢ 

¢211 

¢212 

¢213 

¢214 

.¢215 

¢216 

91217 SXAPH · • 

91218 SXAPS · · 
¢219 

¢22¢ SXAPM · · 
¢221 

(b222 

91223 

¢224 

¢225 

¢226 '------

¢227 

¢228 

¢229 

¢23¢ 

¢231 

IJ) A,GRID 

CP H 

JR Z+9 

DEC IX 

DJNZ SXPAI'1 

JP SXPAR 

INC IY 

-CALL STORE 

DEC C 

JP NZ,SXPAH 

PUSH HL 

LD HL,XPATH 

LD c, (HL) 

POP HL 

LD H, ¢¢ 

LD IX,XSTEP4 

LD B,COUNT 

LD A, (IX +¢¢ ) 

OUT (POR,T¢),A 

LD E,fl.AXSPD 

CALL VDLY 

INC H 

LD A,GRID 

CP H 

JR Z,+9 _ 

DEC IX 

DJN Z -SXAPJ.1 

JP .!- SXAll S -'c. 

CALL STORE 

87 

;Scanning with maximum speed 
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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 SXPDM · LD A, (IX+¢¢) • 

. ¢24¢ OUT (PORT¢),A 

¢24l 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 

¢25l CALL STORE 

¢252 DEC C 

¢253 JP NZ,SXPDH 

¢254 EXX 

¢255 '------- EX AF,AF' 

¢256 LD HL,LOC1 

¢257 LD 0, (HL) 

¢258 LD A,BYTE 

¢259 AND C 

¢26¢ JP NZ, SX1 
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¢26l CALL LASTST 

¢26l JP SPI 

¢262 SXl • EX AF,AF' · 
¢263 EXX 

¢264 SFI · XOR A ;Stop at the end of the line • 

¢265 OUT (PORT¢), A 

¢266 1D B,lFH 

¢267 SDELI · CALL DLY · 
¢268 DJNZ SDELI 

¢269 LD A,STEP 

¢27¢ 1D (WAY) ,A 

¢27l CALL MVINYD ;Nove one grid dO\,ln 

¢272 1D B,lFH 

¢273 SDEL2 · CALL DLY · 
¢274 DJNZ SDEL2 

¢275 DEC L ;Test whether the card is 

¢276 JP Z,SRTNZI ;finished,if yes,retur~ to 

¢277 CALL STORE ;zero position 

¢278 SXNA · LD IY,AC9NS ;ii not,scan the next line · 
¢279 LD C,ACOUNT 

¢28¢ SXNAH · LD H,¢¢ • 

¢28l 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 C, (HL) 

¢3¢1 POP HL 

¢3¢2 SXDPH ,. LD H,¢¢ • 

¢3¢3 SXDPS · LD IX,XSTEPI • 

¢3¢4 LD B,COUNT 

¢3¢5 SXDPM · LD A, (IX+¢¢) • 

¢3¢6 OUT (PORT¢) ,A 

¢3¢7 LD E, ~.AXpPD 

¢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 C 

'. 
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¢318 JP NZ,SXDPH 

¢319 SXND • LD IY,DCONS · 
¢32¢ LD C,DCOUNT 

¢321 SXNDH · liD H,¢¢ · 
¢322 SXNDR · IJ) IX,XSTEPI • 

¢323 liD B,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 DJNZ SXNDN 

¢334 JP SXNDR 

¢335 INC IY 

¢336 CALL STOjlli 

¢337 DEC C 

¢338 JP NZ,SXNDM 

¢339 EXX 

¢34¢ EX AF,AF' 

¢341'~~ LD HL,LOCI 

¢342 LD c, (HL) 

¢343 LD A,BYTE 

¢344 AND C 

¢345 JP NZ,SX2 

¢346 CALL LASTST 
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¢347 JP SP2 

¢348 SX2 · EX AF,AF' • 

¢349 EXX 

¢35~ SP2 · XOR A • 

~351 OUT (PORT¢) ,A 

¢352 LD E,lFH 

¢353 SDEL3 · CALL DLY • 

~354 DJNZ SDEL3 

¢355 LD A,STEP 

¢356 LD (WAY),A 

¢357 CALL MVINYD 

¢358 CALL STORE 

¢359 LD B,lFH 

¢36¢ SDELR · CALL DLY • 

¢361 DJNZ SDELR 

¢361 DEC L , 

¢362 JP Z, SRTNZ2 

¢363 JP SXPA 

¢364 CSCAN • LD A, (YL~GTH) ;Constant Speed Scanning Program • 

¢365 LD L,A 

~366 CALL STORE 

¢367 CSTART · LD A, (XLNGTH) · 
0368 LD, C,A 

¢369'-------- LCONT · IJ) A,STEP · 
¢37¢ LD (WAY) ,A 

0371 CALL MVINXL 

0372 CALL STORE 

¢373 DEC C 

¢374 JP NZ,LCONT 
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¢375 EX.X 

¢376 EX AF,AF' 

¢377 LD HL,LOCI 

¢378 LD c, (HL) 

¢379 LD A,BYTE 

¢38¢ AND C 

¢381 JP NZ,CXI 

¢382 CALL LASTST 

¢383 JP CPI 

¢384 eXI · EX AF,AF' • 

¢385 EXX 

¢386 CPl : XOR A 

¢387 OUT (pORT¢),A 

¢388 LD B,IFH 

¢389 CDELl · CALL DLY • 

¢39¢ DJNZ CDELI 
'-, 

¢391 LD A,STEP 

¢392 LD (WAY),A 

¢393 CALL MVINYD . 
¢394 LD B,IFH 

¢395 SDEL3 CALL;DLY 

¢396 DJNZ SDEL3 

¢397 DEC L 

¢398~~ JP Z,SR~ZI 

¢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 EX AF,AF' 

¢41¢ LD HL,LOal 

¢411 LD a, (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 (PORT95),A 

¢421 LD 13,lFH 

¢422 SDELR CALL DLY . 
¢423 DJNZ SDELR 

¢424 LD A, STEP 

¢425 LD (WAY) ,A 

¢426 CALL l-1VINYD 

¢427'~ ro.:C 'L 

¢428 JP Z,SRTNZ2 

¢429 CALL STORE 

¢43¢ JP aSTART 

¢431 STORE · EXX ;Store Frogram · 
¢432 EX AF,AF' 
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¢433 IN A, (PORTI) 

¢434 LD HL,LOC2 

¢435 LD B, (HL) 

¢436. RRCB 

¢437 OR B 

¢438 LD H~,LOCI 
I 

¢439 LD c, (HL) 

¢44¢ LD (1OC2),A 

¢44I DEC C 

¢441 LD (HL),C 

¢442 JP Z, STM 

¢443 EX AF,AF' 

¢444 EXX 

¢445 RET 

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

¢447 LD B,A 

9>448 LD A, (LOC2) 

¢449 ROT RRCA 

¢45¢ DJNZ RO~ 

¢45I LD (IDC2),A 

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

¢453 RRC A 

¢454 L1) HL,(STAM) 

¢ 4 5 5 '~----- LD (HL) ,A 

¢456 INC HL 

¢457 LD ( STAN) , HL 

¢458 LD A,BYTE 

¢459 LD (LOCI) ,A 

¢46¢ LD A,¢¢ 
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95461 LD (LOC2),A 

95462 EX AF,AF' 

95463 EXX 

95464 RET 

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

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

¢467 DJNZ SDELX 

¢468 LD A, (XLNGTH) 

95469 liD (WAY) ,A 

954795 SUB A+DSTP 

¢471 CALL· Z,MVINXR 

¢472 JP Z,SRTNZ2 

¢473 CALL C,MVINXR 

¢474 JP C,SRTNZ2 

95475 liD A, (XPATH) 

¢476 LD (PATH) ,A 

95477 - CALL XRACC 

95478 SRTNZ2 • LD B,FFH ;Return to zero-position from • 

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

¢4895 DJNZSDEL4 

95481 LD At (YLNGTH) 

95482 LD (WAY) ,A 

95483 SUB A+DSTP 

¢484'~~ CALL Z,MVINYU 

95485 JP ZtEND 

95486 CALL C,MVINYU 

95487 JP C,END 

95488 LD At (YPATH) 

¢489 LD (PATH),A 
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¢49¢ CALL YUACC 

¢491 END • XOR A · 
¢492 OUT (J?oRT¢) ,A 

¢493 LD B,FFH 

¢494 SDEL5 · CALL DLY · 
¢495 DJNZ SDEL5 

¢496 LD B,9¢H ;DRILLING Program 

¢497 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 LD D,A 

¢5¢8 LD HL,S~M 

¢5¢9 LD IX,FRSTIX 

¢51¢ JP STR 

~511 FTRACE · BIT ¢, (HL) ;Routine to trace a11 even-line • 

¢5T2 JP NZ,FLD¢ 

¢513 '~~ FTR¢ · DEC C • 

¢514 JP Z,NXTLIN 

¢515 BIT 1, (HL) 

¢516 JP NZ,FLDI 

¢517 FTRI · 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 

¢549 JP FTR¢ 

¢56¢ FLDl · IJ) A, (XL2) . • 

¢561 SUB C 

¢562 IJ) (IX+¢) ,A 

¢563 - INC IX 

¢564 JP FTRl 

¢565 FIJ)2 • LD A, (XL2) • 

¢566 SUB C 

¢567 LD (IX+¢) ,A 

¢568 INC IX 

¢569 JP FTR2 

¢57¢ FIJ)3 · LD A, (XL2) • 

¢571 SUB C 

¢572 LD (IX+¢) ,A . 

¢573 INC IX 

¢574 JP FTR3 

¢575 FLD4 · IJ) 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) • 

¢586 SUB C 
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¢587 LD (IX+¢),A.. 

¢588 INC IX 

¢589 JP FTR6 

¢59¢ c FLD7 .. LD A., (XL2) • 

¢591 SUB C 

¢592 LD (IX+¢) ,A. 

¢593 INC IX 

¢594 JP FTR7 

¢595 NXTLIN DEC IX 

¢596 IJ) (LASTIX), IX 

¢597 INC HL 

¢598 LD (SAVEHL),HL 

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

¢6¢¢ . LD A, (IX+¢) ;on this line 

¢6¢1 LD E,(IX+l) 

¢6¢2 OR E 

¢6¢3 CALL Z,MOVINY 

¢6¢4 JP Z,STRACE 

¢6¢5 IJ) A, (I~+l) ; Test \·!hether 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 IJ) IX,(LASTIX) 

¢612 LD A,(IX+¢) 

¢613 SUB E 

¢614 JP Z,RZERO 

¢615 JP C,LRM 
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¢616 LD B,A 

¢617 LD A, (FRSTIX) 

¢618 LD E,A 

91619 LD A, (OLDX) 

¢62¢ SUB E 

91621 JP Z,LZERO 

91622 JP C,RM 

¢623 SUB B 

¢624 JP NC,FRIGHT 

¢625 JP FLEFT 

¢626 FRIGHT · laD A, (OLDX) ;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 · LD At (IX+¢) • 

¢634 laD E,A . 
¢635 LD A, (OLDX) 

¢636 ·SUB E 

¢637 laD (WAY) ,A 

¢638 LD H,A+DSTP 
, 

¢639 ~--....... SUB H 

¢64¢ CALL Z, MVINXL 

¢641 JP Z,RZERO 

¢642 CALL C,MVINXL 

¢643 JC C,RZERO 

¢644 LD (PATH) tA 
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¢645 CALL XLACC 

¢646 JP RZERO 

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

¢648 0 LD E,A 

¢649 L1> 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 SUB H 

¢66¢ CALL Z,MVINXR 

¢661 - JP Z,LZERO 

¢662 CALL C, fvlVINXR 

¢663 JP C,LZERO . 
¢664 LD (PATH) ,A 

¢665 CALL XRACC 

¢666 JP LZERO 

¢~67 RMOVE. · LD (WAY) ,A • 

¢668 0° _____ RATEST · LD H,A+DSTP · 
¢669 SUB H 

¢67¢ CALL Z,MVINXR 

¢671 JP Z,RZERO 

¢672 CALL C, MVINXR . 

¢673 JP C,RZERO 
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¢674· LD (PATH),A 

¢675 CALL XRACC 

¢676 RZERO NOP 

'/1677 CALL DRILL 

'/1678 LD IX, (LASTIX) 

¢679 LD A, (IX-I) 

¢68¢ OR A 

'/1681 JP Z,STRAC 

'/1682 FRRTL · LD E, (IX-I) ;Routine to move from right · 
'/1683 LD A, (IX+¢) ;to left on an ev.enline 

'/1684 LD (SAVEIX), IX 

'/1685 SUB E 

'/1686 LD (WAY),A 

¢687 LD H,A+DSTP 

¢688 SUB H 

'/1689 CALL Z,MVINXL 

¢69¢ JP Z,DL -

¢691 CALL C,MVINXL 

¢692 JP C,DL 

~693 LD (PATH) ,A 

~694 CALL XLACC 

'/1695 DL · NOP • 

¢~96 CALL DRILL 

¢697 ~-...-.. LD IX, (SAVEIX) 

¢698 DEC IX 

~699 LD A, (IX-I) 

'/17¢¢ OR A . 

¢7¢1 JP Z,STRAC 

¢7¢2 JP FRRTL 
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¢7¢3 LMOVE · II> (WAY) ,A • 

¢7¢4 LATEST · II> 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,FRSTIX 

¢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 evenline 

¢721 LD ( SA VEIX ) , 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 a. MVINXR 

¢729 JP a,DR 

¢73¢ LD (PATH),A 

¢731 CALL XRACC 
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(6732 . DR · NOP • 

¢733 CALL DRILL 

¢734 LD IX, (SAVEIX) 

¢735 INC IX 

¢736 LD A, (IX+I) 

¢737 OR A 

¢7~8 JP Z,STRAC 

¢739 JP FRL~R 

¢74¢ DRILL EXX ;Drill simulating l"'011tine 

¢74I EX AF,AF" 

¢742 XOR A 

¢743 OUT (PORT¢) ,A 

¢744 LD A,8¢B 

¢745 OUT (FORTI) ,A 

¢746 . LD B,7FH 

¢747 DR2 • CALL DLY • 

¢748 DJNZ DR2 

¢749 XOR A 

¢75¢ OUT (POR:rI),A 

¢751 EX AF,AF' 

¢752 EXX 

¢753 RET 

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

¢756 CALL MOVINY 

rj;757 STRACE · DEC D • 

¢758 JP Z,RETURN 

¢759 LD B,9¢H 

¢76rj; LD HL,872DH 
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¢761· SZERO · INC HL • 

¢762 LD (HL) ,¢¢ 

¢763 DJNZ SZERO 

¢764 LD A, (XINC) 

¢765 LD C,A 

¢766 LD m" (SAVEHL) -
'/1767 LD IX,FRSTIX 

¢768. STR BIT ¢,HL ;Roupine to trace an odd-line 

¢769 JP NZ,S¢ 

¢77¢ R¢ · DEC C • 

¢771 JP Z,SECLIN 

¢772 JUT 1, (HL) 

¢773 JP NZ,Sl 

¢774 R1 : 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 

¢7.83 JP Z,SECLIN 

¢784 BIT 4, (HL) 

¢785 JP NZ,84 

¢786 R4 ~ DEC C 

¢787 JP Z,SECLIN 

¢788 BIT 5, (HL) 

¢789 JP NZ,85. 



107· 

¢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 

¢8¢¢ INC HL 

¢8¢1 JP 8TR 

¢8¢2 8¢ · LD (IX+¢),C · 
¢8¢3 INC IX 

¢8¢4 JP R¢ 

¢8¢5 81 · LD (IX+¢),C · 
¢8¢6 INC IX 

¢8¢7 JP R1 

¢8¢B 82 · LD (IX+¢.),C • 

¢8¢9 . INC IX 

¢81¢ JP R2 

¢811 83 · LD (IX+¢),C · 
¢812 INC IX 

¢813 JP R3 

¢814 84 · LD (IX+¢), C • 

¢815 INC IX 

¢816 JP R4 

¢817 85 · LD (IX+¢),.C • 

¢818 INC IX·· 
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¢819 JP R5 

¢82¢ S6 · · LD (IX+¢),C · 
¢821 INC IX 

¢822 JP R6 

¢823 S7 · LD (IX+¢),C • 

¢824 INC IX 

¢825 JP R7 

¢826 SEC LIN · DEC IX • 

¢827 LD (LASTIX), IX 

¢828 · INC HL 

¢829 LD (SAVEHL) ,HI. 

¢83¢ LD IX,FRSTIX 

¢831 LD A,(IX+¢) 

¢832 LD E, (IX+1) 

¢834 · OR E 

¢835 CALL Z, MOVINY 

¢836 JP Z,FTR 

¢837 LD A, (IX+1') 

¢838 LD A, (IX;r2) 

¢839 OR E 

¢84¢ JP Z,SRIGHT 

¢841 LD A, (OLDX) 

¢e42 LD E,A 

¢843 LD A, (FRSTIX) 

¢844 SUB E 

¢845 JP Z, SRZERO 

¢846 JP C,HLMOVE 

¢847 LD B,A 

¢848 LD IX, (LAST IX) 
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~849 liD E,(IX+¢) 

¢85¢ liD A, (OLDX) 

¢851 SUB E 

¢852 JP Z,SLZERO 

¢853 JP C,RLM 

¢854 SUB B 

~855 JP C,SLEFT 

¢856 SRIGHT LD A, (OliDX) ;Routine to move right on 

¢857 . liD E,A ;an odd-line 

¢858 LD A, (FRSTIX) 

¢859 SUB E 

¢86¢ JP Z,SRZERO 

¢861 JP NC,SRMOVE 

¢862 HLMOVE . LD A, (FRSTIX) . 
¢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 

¢671 CALL C,MVINXL 

¢872 JP C,SRZERO 

¢873 
~ 

LD (PATH),A 

¢874 CALL XLACC 

¢875 JP SRZERO 

¢876 SRMOVE . liD (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, 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 from 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+~STP 

¢897 SUB H 

¢898 CALL Z, MVINXL 

¢899 JP Z,SDL 

¢9¢¢ CALL C,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, (SAVEIX) 
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¢9¢7 INC IX 

¢9¢8 LD A, (IX+l) 

¢91¢ OR A 

. ¢911 JP Z,FTRAC 

¢912 JP SFRTL 

¢913 SLEFT · LD IX, (LA$TIX) ;Routine to move left on • 

¢914 LD A, (IX+¢) ;an odd-line 

¢915 LD EtA 

¢9l6 IJ) A, (OLDX) 

¢9l7 SUB E 

¢918 JP Z,SLZERO 

¢919 JP NC,SLMOVE 

¢92¢ RLM · LD A, (OLDX) • 

¢92l LD E,A 

¢922 LD A,(IX+¢) 

¢923 SUB E 

¢924 LD (WAY),A 

¢925 LD H,A+DSTP 

¢926 SUB H 

¢927 CALL Z,MVINXR 

¢928 JP Z,SLZERO· 

¢929 CALL C,NVINXR 

¢93¢ JP C,SLZERO 

¢93l liD (PATH) ,A 

¢932 CALL XRACC 

¢933 JP SLZERO 

¢934 SLMOVE . LD (WAY),A • 

¢935 LD H,A+DSTP 

¢936 LD A, (WAY) 
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¢937 SUB H 

¢938 CALL Z,MVINXL 

¢939 JP Z,SLZERO 

¢94¢ CALL C,MVINXL 

¢94I JP C,SLZERO 

¢942 IJ) (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 move from left · 
¢95I LD A, (IX-I) ;to right on an odd-line 

¢952 IJ) ( SAVE IX) , IX 

¢953 SUB E 

¢954 . IJ) (WAY) ~A 

¢955 IJ) H,A+~STP 

¢956 SUB H 

¢957 CALL Z,MVINXR 

¢958 JP Z,SDR 

¢959 CALL C,MVINXR 

¢96¢ JP C,SDR 

¢96I liD (PATH) ,A 

¢962 CALL XRACC 

¢963 SDR NOP 

¢964 CALL DRILL 

¢965 LD IX, (SAVEIX) 



113 

¢966 DEC IX 

¢967 LD A, (IX-I) 

¢968 OR A 

¢969 JP Z,FTRAC 

¢97¢ JP SFLTR 

¢971 FTRAC · LD A, (IX+¢) • 

¢972 LD (OLDX),A 

¢973 CALL MOVINY 

¢974 FTR · DEC D · 
¢975 JP Z,RETURN 

¢976 LD B,9¢H 

¢977 LD HL,872DH 

¢978 ZR · INC HL • 

¢979 LD (HL) ,¢¢ 

/ ¢98¢ DJNZ ZR 

¢98I LD A, (XINC) 

¢982 LD C,A 

¢983 LD HL,(SAVEHL) 

¢984 LD IX,FRSTIX 

¢985 JP FTRACE 

¢986 RETURN • LD A, (OLDX) ;Return to zero-position after · 
¢987 LD E,A ; drilling of the "lhole card is 

¢988 LD A, (XINC) ;finished 

¢989 SUB E 

¢99¢ JP Z,SRTNZ2 

¢99I LD (WAY) ,A 

¢992 CALL MVINXR 

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

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

¢996 CALL NVINYD 

¢997 RET 

¢998 DLY · LD D,7DH ;Constant delay routine. • 

¢999 LOOP • !ill 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,IND 

1¢¢8 DEC E 

1¢¢9 JP NZ, VDLY 

l¢l¢ RET 

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

1¢i3 LD A, (WAY) ;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 · IiI) A', (IX+¢¢) " . 
1¢19 OUT (POR~),A 

1¢2¢ CALL DLY 

1¢2l . INC H 

1¢22 LD A,GRID 
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1¢23 CP H 

1¢24 JR Z,+9 

1¢25 DEC IX 

1¢26 DJNZ RNEXT 

1¢27 JP RLINE 

1¢28 DEC C 

1¢29 JP NZ,Rli 

1¢3¢ EXX 

1¢31 EX AF,AF' 

1¢32 RET 

1¢33 MVINXR · EXX jRoutine to move right in • 

1¢34 EX AF,AF' jx-direction with constant 

1¢35 LD A, (WAY) ;speed. 

1¢36 LD C,A 

1¢37 LH · LD H,¢¢· • 

l¢38 LLINE · LD IX,XSTEP1 · 
1¢39 IIDB,COUNT 

l¢4¢ LNEXT · LD A,(IX+¢¢) · 
i¢41 OUT (PO~T¢) ,A' 

1¢42 CALL DLY 

1¢43 INC H 

l¢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 ;Acce1eration constants • 

1¢56 DCONS · EQU ¢7D¢H ;Dece1eration constants • 

1¢57 YUACC · EXX ;Routine to move the detector • 

1¢58 EX AF,AF' ;up in y-direction by acce1era-

1¢59 LD IY,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 BII'10YE · LD A, (IX+¢¢) • 

1¢65 OUT (PORT¢),A 

1¢66 LD E, (IY+¢¢) 

1¢67 CALL VDLY 

1¢68 INC H 

1¢69 .LD A,GRID 

1¢7¢ CP H 

1¢71 JR Z,+9 

1¢72 DEC IX 

1¢73 DJNZ BJV10YE 

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, (HL) 

1¢8¢ Yf;1AXH • LD H,¢¢ • 
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1¢81 YMAX · LD I?C,YSTEP4 • 

1¢82 LD :a,COUNT 

1¢8} 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 

'l¢91 DEC IX 

1¢92 DJNZ YAMV 

1¢93 JP 0 YJrJAX 

1¢94 DEC C 

1¢95 JP NZ,YMAXH 

1¢96 IDEC · LD IY,DCONS • 

1¢97 LD C,DCOUNT 

1¢98 YDRTH · LD H,¢¢ · 
1¢99 YDRTN .0 LD IX,YSTEP4 • . 
ll¢¢ LD E,COUNT 

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

11¢3 LD E, (IY+¢¢) 

11¢4 CALL VDLY 

11¢5 INC H 

11¢6 LD A,GRID 

11¢7 CP H , 

11¢8 JR Z,+9 

11¢9 DEC IX 
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111¢ DJNZ 'YDMV 

1111 JP YDRTN 

1112 INC IY 

1113 DEC C 
! 

1114 JP NZ,YDRTH· 

1115 XOR A 

1116 OUT (PORT¢) ,A 

1117 EX AF,AFt 

1118 EXX 

1119 RET 
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112¢ . MV IN YU • EXX ;Routine to move the detector • 

1121 EX AF,AFt ;up in y-direction with 

1122 !ill A, (WAY) ;constant speed. 

1123 LD C,A 

1124, liD H,¢¢ 

1125 ULINE • LD IX,YSTEP4 • 

1126 LD B,COUNT 

1127 UNEXT · LD A,(IX+¢¢) • 

1128 OUT (PORT¢),A 

1129 CALL DLY 

113¢ INC'H 

1131 LD 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,AFf 

114¢ XOR A 

1;1.41 OUT (PORT¢),A 

1142 RET 
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1143 MVINYD · EXX ;Routine to move the detector • 

·1144 EX AF,AF' ; d'own in Y-direc tion wi th 

1145 LD A, (WAY) ;constant speed. 

1146 LD C,A 

1147 LD H,¢¢ 

1148 DLINE · LD IX, YSTEP.l. • 

1149 LD B,C·OUNT 

·115¢ DNEXT · LD A, (IX+¢¢) · 
1151 OUT (PORJ:¢), A 

1152 CALL DLY 

1153 INC H 

1154 LD A,GR'ID 

1155 CP H 

1156 JR Z,+9 

1157 INC IX 

1158 DJNZ DNEXT 

1159 DEC C 

116¢ JP NZ,DLINE 

1161 EXX 

1162 EX AF,AF' 

1163 XOR A 

1164 OUT (PORT¢) ,A 

~165 RET 
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1166 XRACC · EXX iRolitine to move the detector • 

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

1168 LD IY,ACONS1 ; acceleration. 

1169 -LD C, ACOUNT iAcce1eration starts. 

117~ XRTH · LD H,~~ · 
1171 XARTN · LD IX,XSTEP1 · 
1172 LD :B,COUNT 

1173 AMOVE LD A, (IX+¢) 

1174 OUT (PORT~),A 

1175 LD E, (IY+¢) 

1176 CALL VDLY 

1177 INC H 

1178 LD A,GRID 

1179 CP H 

118¢ JR Z,+9 

1181 INC IX, 

1182 DJNZ AMOVE 

·1183 JP XARTN 

1184 INC IY 

1185 DEC C 

1186 JP NZ,XRTH 

11'87 LD HL,PATH 

1188 IiI) C,(HL) 

1189 XNMXH · LD H,¢¢ iMaximum speed is reached ,and • 

119¢ XNMAX · LD IX,XSTEP1 ;the stage moves with that · 
1191 LD :B,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 XNNAX 

12¢3 DEC C 

12¢4 JP HZ, XNfi'JeH 

12¢5 XDEC · LD IY,DCONSl. ;Dece1eration begins. • 

12¢6 LD C,DCOUNT 

12¢7 XDRTH · LD H,¢¢ · 
12¢8 XDRTN · 1D IX,XSTEPl. · 
12¢9 LD B,C·OUNT 

121¢ XDMV · LD A, (IX+¢) • 

1211 OUT (PORT¢) ,A 

1212 i., LD E, (IY+¢) 
. 

1213 CALL VDLY 

1214 INC H 

1215 LD A,GRID 

1216 CP H 

1217 JR Z,+9 

1218 INC IX 

1219 DJNZ XDMV 

122¢ JP XDRTN 

1221 INC IY 



,1222 

1223 

1224 

1225 

1226 

1227 

1228 

1229 

123¢ 

1231 

1232 

1233 

XLACC 

SXPAH 

1234 SXPAR 

1235 

1236 SXPAM 

1237 

1238 

1239 

124¢ 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

1248 

1249 

· · 

· • 

· • 

· • 

DEC C 

JP NZ,XDRTH 

XORA 

OUT (PORT¢) ,A 

EXX 

EX AF,AF' 

RET 

EXX 

EX AF,AF' 

LD IY,ACONS1 

LD CS ACOUNT 

LD H,¢¢ 

LD .IX,XSTEP4 

LD B.CQUNT 

LD A, (IX+¢) 

OUT (PORT¢) ,A 

LD E, (IY+¢¢) 

CALL VDLY 

INC H 

LD A, GR]]) 

CP H 

JR Z,+9 

DEC IX 

DJNZ SXPAM 

J;p SXPAR 

INC IY 

DEC C 

JP NZ,SXPAH 

123 

;Deceleration lasts,andthe 

ix-stage stops. Then the routine 

;returns to where it is called. 

;Routine to move the detector 

;left in x-direction by 

;acceleration using the same 

;procedures described in XRACC 

;routine. 
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125¢ LD HL,Pl.TB 

1251 LD C, (HL) 

1252 SXAPH · LD H,¢¢ • 

SXAPS LD IX,XSTEP4 
~. 

1253 • • 

1254 LD~B, COUNT 

1255 SXAPM · lJ) A, (IX+¢) • 

1256 OUT (PORT¢) ,A 

1257 LD E', MAXSPD 

1258 CALL VDLY 

1259 INC H 

126¢ . LD A,GRID 

1261 CP H 

1262 JR Z,+9 

1263 DEC IX 

1264 DJNZ SXAP~1 

1265 JP SXAPS 

1266 DEC C 

1267 JP NZ,SXAPH 

1268 SXPD · LD Ix ,DCONSl • 

1269 LD C,DCOUNT \ 

-
127¢ SXPDH ", : LD H,¢¢ 

i 

1271 SXPDR · LD IX,XS~EP4 • 

1272 LD B. ·COUNT 

1273 SXPDM · LD A, (IX+¢) • 

1274 OUT (PORT¢) , .... 

1275 LD E, (IY+¢) 

1276 CALL VDLY 

2277 INC H 
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1278 LD A,GRID 

1279 CP H 

·128¢ JR Z,+9 

1281 DEC IX 

1282 DJNZ SXPDM 

1283 JP SXPDR 

1284 INC IY 

1285 DEC C 

1286 JP NZ, SXPDH 

1287 Ell 

1288 EX AF,AF' 

1289 RET 
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Appendix B. 

OPERATING INSTRUCTIONS 

1). PREPARATION OF THE DOT-HASK 

i. After the printed circuit layout is drawn, 

it is placed on a grid pattern in vlhich node separation is 

1/10 inch as shm.'m belm-I.On top of these two, the clean 

transparency is located. 

ii. The frame lines of the dot mask are drawn 

onto the transparency such that every side of the dot-mask 

is 1/10 inch greater than the frame of the circuit layout. 

Frame line thckness of 1/10 inch is enough.A 0.5mm drm1ing 

pen of black colour. can be used. (RAPIDO 0.5).Or rather than 

drawing the frame lines,a strip of 2mm. thickness can also 

be used. 

Nodes 
} 

1/10 
t 

Density Grid 

inc 

Of the < Pattern 
Dots may 

be as shm'ln 
Layout 

Frame-lir 

(may be stJ 

iii. Then hole-positions are marked on to the 

transparency by locating them at the nodes'· of the grid pat­

tern. (one more hole can be marked betvle'en each node of the 

above grid pa.ttern, beca.use the scanning resolution of the . 

system is 1/20 inch). 
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If there are hole-positions on the layout vlhich do 
-

not coincide \'Jith the nodes of the grid pattern, they should 

be placed onto the nearest node (\,lith an error less than 

0.54 mm). 

After the dot-mask is prepared,it is correctly 

placed onto the glass plate of the ~3.Canner, carefully me..tching 

the upper right corner of the mask frame to the right-cmgled 

marker on the glass. 

2). RUNNING THE SYSTEr1 

i. System is turned on using the switch on the 

control panel as shown belovl. FO\~Ter on reset, runs the reset 

routine and HALT LED is on, located on the microprocessor card. 

Then using the manual control s1:1itches 1,2,3,4,the detector 

is positioned somevlhere in the dot-mask frame • 

. 
/~ 88 /-

\ STR) ~~V '-...J 
r-'" Q S\~ .r--, 

C) '. e) ~-) 
Control Panel 

, 
STR Button START 

STP II STOP 

Nr'U " Emergency stop(vlhen used system must be reset) 

1 " X-motor (stage moves toviards the x-motor) 

2 " X-motor (staGe moves aVJaY from the x-motor) 

3 " e. Y-motor (stage moves to\vards the y-motor) · 
4 " · Y-motor (stage moves avmy from the y-motor) · 
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ii. Pressing the START button commences the 

programs.After the scanning of the whole card is finished, 

detector returns to the upper right corner (zero-position), 

and stops.HALT LED turns on again. 

iii. This time START button starts the drilling 

program. CAt each drilling hole position a LED flashes on 

for a few seconds to simulate drilling time.) 

iv. After the completion of the drilling process, 

detectorCnm'l it is the drill) returns to zero-position 

and stops(again the HALT LED is on).Drilling process can be 

repeated as many times as desired by pressing the STR button. 

v. For a nevI dot-mask scanning, a reset must be 

given to the system. Then continue from step ii. 



... APPENDIX C • 

. ' 2.0 Z-80 CPU ARCHITECTURE' 

A block diagram of the internal architecture of the Z-SO CPU is shown in figure 2.0-1. The diagram 
shows all of the major elements in the CPU and it should be referred to throughout the following 
description. 

13 
CPU "NO 
SYSTEM 
CONTROL 
ClGN"LS 

2.1 .CPU REGISTERS 
: 

'NSTRUCT~ 
DECODE 
8. 
CPU 
CONTROL 

O'U . 
O)t(fIlOL 

r r-1 
Z-8.0 CPU B:"OCK DJAGRAM 

,. FIGURE 2.0-'-

"LU 

The Z:80 CPt! contains 208 bits 'Of RIW.memory tha~ are accessible to ~e programmer. figure 2.0·~ 
ilIustrate~)"low thh mtm0T)" is configured into ei~ '~n. f.-bit registers and four J 6-bit rettisters All Z.sO 
rel;im!~ are implemented usinE stallC RA.'1. The rtf;ste!~ inc.Uldc tW0 set~ of six l\ene{:.lliurpt)~~ registers 
th.;: may'be usld indl\'iduall> as B-b!: regIsters or If. paus as lo-bil reEi~!crs. There are IIlse two sct~ of 
accumulator and flig registers. 

,~cial Purpose Rqiste15 

t. Program Counler·(PC). The progTam counte! hC')d~ 1hr 16-t>it addleSs of the current instruction bein~ 
fetched fr.)IT1 meml'f)'. The PC is automati~\I)' il'lCrffllented after its contents have beet transferred 
to the add res.- hnes. When a program jump o;curs the new vaiue is automatically placed in the PC. 
overridillb lIe incrementer. -

2. Stack Pointer (Sl',l. The stack pomter holds the It>-bit addre~ of the cumnt top of a stacK located 
anywhere in external system RAM memor)'. The utero:!! stack memo!) is oTganiud as a last·ln flfst. 
out (UFO) file. Data can be pushed onto th( stad. from specific CPl' registers or popped off of the 
stack into Sj'ecific CPl1 feEistm thwugh thn,ecxtioll C'r PUSH and pop Instfu('tiom. The date 
popped flon the stack I"S alwl!~! the last d~:< rustled {lOW il. The st; ck allow~ simple inlplementallor: 
o( multirle level interrupts. unlir.-:ited subro;Jtine nesllnt: and s;mrHication of many typ!s of data 
rr.anipuIa110:'.. 
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"-'I" REG SET AL nR .... n REG SET 

I ..... .... , ..... -
ACCUMULATOR fLAGS ACCIJMUUlTOR fLAGS 

A 

11 

D 

H 

F A' 

C .. 
E 0' 

L K' 

. 
I"TER~:.·T i '/EY':: • 
VECTOR j ~£F~!S'" 
I 'I 

INDEX '1EG'STER IX 

INOEX'RE:iISTER IY 

STACK POo"'-ER sr 

PROGR .... COUNTER ~ 

I 
! 

> 

f' 

C-

E' 

L' 

SPECIAL 
PURPOSE 
REGISTERS 

2·80 CPU f{EGISTER CONFIGURATION 
~IGURE 2,G-2 

, 

! 
} 

GE"EIlAL 
PURPOSE 
REGISTERS 

:., Two Inde, Registers ([X ~ IY). Th.e ~o i~ . .!tpe·~d~~t bJex regis!m h"ld a 16.f:oit hase address thai 
IS u~c 11\ .;;ce'\cJ addre,i:rg modes. In It.:; .,~vde. an l:-..:!ex register is us:': lS J .ha~ to puinl tva 

• region in m~mor)' from \Iohl.:h data IS 10 be sl")red or ret~le~'ed, An ldJili")raJ byte IS mdudcd in 
indexed instructions to spedfy a displacement from tIus base. This displacement i) specified a~ a IW(' , 

, ,;;omplemcnl signed integer ~This mode of iddIessing greatly simplilies many t}'Pl:S of progr:mlS. 
, especially where tables of data are used. .., ' '.. •. . ' ~ . 

4, Int;rrupt file Addrus Register (I). The Z~ CPt' can be operated in a ~ode where an indirect call 
10 any memory location can be achieved'in resPonse to an int'errupt. The I 'R~ister is used for this 
i'urpose to sto~ the high crder 8·bits of the mdirect ad.:!res~ while the interrupting device pro\ides the 
lvwer 80bils of the address. TIllS feature 31l"",'s intemlpt routines to be dyna.'11icall¥ Io.:ated anywhere 
10 memory y,ith.ab60lute minimal acceiS lime to the fOt1tine. 

5. MelUo~ Refr,:esh Register on. The Z-80 CPU C'Ontams a memory refresh counter to enable dynamic 
memories to be used with the S:'lme east as static memo~s. Seven bits (lfWs 8 bit register are auto-_ 
maticalJy increm~nt~d .. fter each instruction fetch. The eighth bit v.;U remain as programmt:d as the 
result of an to R. A instru.:tion. The dau in the refres.h counter is sent oui on the lower portion bf 
the address bus along \Ioilh a refresh co.nlIol. siflal while the CPL' is des:oding and executing the fetched_ 
instruction. This mode of refresh is totaIiy t!3nspuent to the programmer and does not slow down the 

• ~PU operation. ~e prognrnmer can load the R registt: for testing purposes, but this register is normally 
not Used by the programmer: During ref~ the con1cnts of the I register are placed on the upper 8 biU of 
"the address bus. . . 

The CPU includes two independent S-bit a.:cumulatois and a..sodated g·bit flag re(listeu. The a: ::.m .. · 
Iator holds t~e results of 8·bitarilhmetic or log;~a1 operatIOns while the flag register indicates -specific 
conditions for 8 or 16-bit operations. such as lIldicating ""hether or not the result of lin operation is equal 
t(\ lero. The pro8rammer selects the accumulator and nag pair that he wishes to ..... ork with with a single 
ex:hange instruction so that he rt:a)' easily \Io'ork with either pail. 
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General Purpose Registers 

nlere are tv. a matched sets of general purpose registers, each set containing six 8·bit registers that 
may beu~ed mdlvJ,:!ually as is·bit refls!crs or as l6-bit registe~ pairs by the programmer. One se: is called 
Be. DE and HL ~hi1e 'the complementary set is called 8(", DE' and HL'. At anyone time the programmer 
can select eithel se: of rcgiHers to work with through a single exchange command for the enllre set. In 
systems where fas! Interrupt respunse is required, ane set of general purpose Fegisiers and an l.:.:umulator· 
/1ag register may be reserved for handling this very fast routine. Only a simple exchange commands need be 
executed to go bet .... een the ruutines. This greatly reduces interrupt service lime by eliminall:ig the require'. 
ment fur sa\'ing and retrieving register contents in the external stack during interrupt or subrvullne process· 
ing, These general purpose registers :lre used for a wide range of applications by the programmer. They also 

. siJnplif>' pnlgrammmg. espe.:ially in RO~I based systems where lillie external read/write; me~ory is • 
al'aibb Ie. 

2,2 ARITHMETIC & LOGIC.UNIT (ALU). 

The 8·bit arithmel.k and logical instructions of the CPL' are executed in the ALU. Internally the ALl! 
communicates with the registers and' the external data bus on the internal data bus. The type o)f fun.:tians 
performed by the ALU include: 

Add urt or right shifts or rotates (arithmetic and logical) 

Subtract 

Logical k~D 

Logical OR 

Logical Exclusive' OR-

Compare 

Increment 

Decrement 

Set bit 

• Reset bit 

Te.sl bit .. 

2,3 .INSTRUCTION REGIS}'ER AND CPU CONTROL 

-. 

As e:.:h IIIstru:lion is fet.:lied fron).~emof) .it 1S"Fla..:e.! I" til; inslru..:tion 'reglster ;nd de.:ooed. The. 
co.nlrol sectLons performs Ihis f~ncti9n"an\J then geneples and suppli1!s all of. the control sigroa11 necessary _ 
to re.ld or wrile1ia.a from or 10 the registers, control the ALll and proYide all reqUired external control 
sign",ls. • 

' . 

.......... _------_.,-----.....;.--
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PIO PIN CONFIGURATION 

.. 
15 Ao' 
14 
13 
12 
10 
9 
8 
7 

4, 
42 
A3 
4. 

As 
PORT A 
110 

~ 
47 

18 
ARDY . 16 ASTB . 

,- 27 

- 28 -
29 " 
30 
31 
32 
33 

.. 34 

B.o 
B1 

B2 
B -3 

.114 
PORT B B5 
1/0 

86 
87 -

2l B ROY-
17 - 8 ST8 

.-



... 

2.0 PIO ARCHITECTURE 

A block diagram of the Z80·P10 is shown in Figure 2.0·1. The internal structure of the ZSO·PIO 
consists of a Z80-CPU bus interface. internal control logic. Port A 1/0 logic. Port B I/O logic. and interrupt 
control logic. The CPU bus interface logic allows the PIO to interface directly to the Z8O-CPU with no 
other extemallogic: However. address decoders and/or line buffers may be required for large sys:ems. The 
intemal cootrol logic sy'nchronizes the CPU data bus to the peripheral device interfaces (port A and Port B). 
The two 1/0 ports (A and B) are virtually identical and are used t.o interface directly to peripheral devices . 

.. V GHO. 

l!! 
• DATA 011 CONTROL 

} MANOlHAIt£ { . DATA IUS PlR,,..ERAL 

~ERfA? I . 
INTtRfACl 

flO CONTROL or" - . • DATA 011 CONTROL 

}KA.NCis:"'U 

-
INTt .. RUI'I' CIOHTIIOL LlIIU 

FIGURE 2.D-, 
P1e BLOCK DIAGRAM . . .. 

. '.-
The Port 1/0 I~gic. is compo~ of 6 repsters with --hand~hakc.·· control logic as-show1'l in Figure 2.6·2. 

The.regi!ters Include: an 8 bit.data input reg;st~{. an a bit data output register; a 2 bit mode control 
- register. an 8 bit nruk. register. aii 8 bit inp~"outpu~ select register. and I 2 bit nUsk cOiltrol.r.egiste!. 

# - - • - • 

....... 
COfirff"OL ~--"", 
AIG 
121' no 

FIGURE 2.D-2 
PORT 110 BLOCK DIAGRAM 

"'T 
IlR,PI4IU\. 
OAJAOR 
CONTROL. SUI 
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Thc ~-bit mode .:ontrol register is 10Jd~d by the CPL' to ;elcct :he desired ,'perltir.g :node (byte 
l)utput. bytc mput. byte bidlre.:tional bus. ~'r bit .:ontrcll~1l'dcl. All .iltl ttlnsfer bet";'~en the pertpherll 
device: ~nd the: CPt: is Jch:eved through the .ilt.! input and dJtJ ,'u:put :egi,ten. DJIJ mJ> be written Inte' 
the: output :eglster by the CPt; or reld back to thc CPt; fil'm the input r~gister 3t Jlly llmt The h3nd,hlke 
lines l'iso.:iated with ~lch port are used to .:cntr01 the dall 1 r:lnsfer b~tween the PIO Jnd tt! peripheral 
de\·lce. 

he 8·bit m3;k :egister lnd the 8-bit ;nput.'output i~le.:t register .He uied ,'n!y in the bit contr01 
m<lde !n :his m.:><!e Jr.}, vf the d peripheral dl!l or c('nul'! bUi pin; ':In be progrJmmed to be an input or 
In 01: .. ".It 35 specl!led by the select register. The mask register 15 used to this mede to cllnjunction "'Ith a 
'r't',' ":~rr';;'! r~J:';'~ T~:s fe3l11r~ J!1c"'~ l:1 ;r.t~r:'lp! ,.' he gene'l:(d when .l~.\' .'r all.1Ith.: unml,k~d 
;'.:.\ .":"1.1 "r~''::~'''':~ ':.1:': t~~~:lt.~r h~gh ,.'r ~"\,, I Th·: ~·i:'1~ ·~·.J;k .. \.I;·.:~.·: ·-.'~h;t.·r '~";,· .. ··!·IC~ ~7-! .! .. '!~\"~ ~U:( 

de'l: ;, -. .:h c'r :L'W) .,rid If the IIlterrupt )I,u .. :d be :\,;:.e: J': J · ... h~n .::1 'In:nJ),,~J ~!:'.; Jr~ J~ti\e: I..\:-"D 
.:ond 110n)-Or when 3ny unmasked plO is aCllve (OR condltt,m). ThiS icalure reJu.:es·the requIrement for 
CPt: .t~L.; ~h~,k;~,~;:;1 the periphefll hy llk, .... ing an i~!e:::lp: :0 bt ~u!t'mJti.:Jl!: se:.era:ed .lll spe~liic 
per;phent Stltus ';ondltIlJOs. ror c)(:lInple.:n l system "'llh 3 Jl.llm cur-dahln;. ~n IIlterrupt may be 
g,enerated If ;lny aile occurs or if all three uccur. 

r,e interrupt .:ontrollogic .ection handles all CPC interrupt protocol for nested priorit'? interrupt 
,tru.:tu:es. The priurlty of any device is determ:ned by its phy~:cal '".:atlon in J dlisy cham configuration. 
Two hr.es lre prOVided in each Pia to form this daisy .::hllO. The de\'lce dOiest to the. CPt: has the highest 
priority.WithlO a Pia. Port A interrupts have h~gher priornr than those of POrt B. In the byte input. byte 
.lutput or b!directlOnll OII,des. an int~rrup1 CJn be generJ:ed ..... ht'nt'ver l new hyte tr3nsfe~ is requestc:d by 
the pertpheral. In the'bit control mode an IOterrupt can he generated·when the pefiptreral ;tJtus ma'tches a .' 
pr •. 'g!3!nffi'~d vllue. The Pia provldc:s f'lf complete control of nested interrupts. That i;; luwer priority 
de\l~es may Rot IIlterrl.lpt higher pOurHy: Je\':.:es tlrJt h~ve nut hJd their. inter:'~pt ,ef"I~e ~oljtine com-
p!·!:ed ~y lh~ (PLI. H:gher pri')rity d~\'l,;eS :illy IIIterrupt th~ ,e:f'·i~lr:g.)f l.)w~r prIority d~\lCes . 

• \\!;en30 IntCff'.tpl I; J.:~~pted b: th( [PC In m\lde:. :h( In:~r:"p:1I1!-d~\1.:e !n~)1 P.·J·v,d( l(;.a·b;t 
IOt.:rrup! vector ior.the CPU. Thls\'e,;tor IS u,.:d to form j pOinter 10 a II)':JIIOn in the ':Q;;:puter memory 
where the address of the interrupt serv.ICe routine is locat~d. The 8-bu ve.:tor from the interruptIng devi~ 
t',mTIs the least significant 8 bits Ilf the indirect pointer ",hi!. the I Register in the CPU ptovides the most 
>ignir~ant 8 bits of the pointer. Each port (A lnd 8) has l!) independent in:erruptvector. The least 
Significant bit of the vector i5 automaticaUy set to a o within the Pia sin.ce the pointer must point to tWO· 

_ adjacent memor~ locations for a complete !6-bit adsircss. 

• Th.c: Pia d"c~d~s the RE'f1 (Ret,!ltn frr;-m interru?,".l instruction directly frem the CPU data bus·so 
that (3ch Pia 10 the system knows at ail Ip-':S ",hether It is b.eing ;erviced by the CPU ir:terrupt ser;,ce 
routme Without an'y other communi~-ation wuh .,!he CPU. 

-.. 

.-

.. 
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Ci' Ci' . .." 

0:: + + Flag. 

Oprrntinn MNf. 01' Descrlpllon For. ~ n 
a A r (nn' (RC) (DEI (HI., ~ ~ C 7. SP - N 

Movr. bll s~:-r ..... Sot 1,1' hH or ,. 21R 218 2115 4123 4123 ----
R~:<; b •• Re.el hoi. hll of. 218 218 2 '15 4123 4!2~ ----

Mnvr.I'f"f(I!\If'r 1.1l r •• r .. -- ~ 217 114 114 17 ~II!I :1I1U ----
I.n ~. r .-r 114 114 117 ~119 3119 ----
I.Il s. n .-n 217 217 2'10 4119 4119 ----
1.0 A •• A-, (see lexl for nole on naRS, 217 219 114 114 3113 117 117 117 319 3119 ----

, 
1.0 '. A H-A 2~1 114 114 3113 117 117 117 :I!I!J 3119 ----

Block move 1.111 toE) - (HI.,: Inc. m:. III.: net:. RC ZIIIi -x x t 

I.OIR (DE) <--: (HI.): Inr.. DE. III.: Dec. BC: Repeal 2121BC -x x 0 

unlil BC = 0 

1.01) (liE) - (I fL): IIer. liE. Ill .. RC 2/16 - x x t 
1.00R (DE) __ (III.,: nf>(:. OF.. HI .. RC: RepeRI Zrl1BC -x x t 

until BC = 0 

InpulJ()uII'UI IN A. (n\ A - Device(n,. 
'. 

2110 -----
IN r. (C) r - Devlcr.(C) 2111 2111 - t t t 

OIlT (0). A llevICtl(n)-A 2111 ----
OUT (C). r lIevicr.(C)- r 2112 2112 ----

Rinck i.'O INI (III.) - lIevicr(C): Inr.. III.: lIec. II 21\5 -I )t x 

INIR (HL) - Ilevice(q: Inc. III.: Dec. B; Repeat 2'20B -1 * x 

unlllll = 0 

INIl (IIL\ - llevir.r[CI: IIec. III .. II 2115 -I x .x 

INnR [IILI _ OevicrlCl: Ilec. HL. B: Repeal 2'20B -'1 x x 

until II = 0 

olin IJr"kelc) - (111.1: 1m:. III.: Orr.. R ~ 

2/1;' -t x x 

OTIR Ilevle"lel -- (111.1: lor.. III.: lIee; 11: Rfl"onl 2r.!IIn - 1 x x 

unlit D = n 

OUTIl n""lcr(CI -- (111.1: l!<lr.. Ill .. 11 2 115 - 1 x x 

UTOR Devi<:e(C) -. (Ill.): Il« .. III .. B: Repeat 2'2011 - I x x 

IInlil B -:: 0 

tJlr.Ff~men' INC s ~-!l:+l 114 114 1'1\ 3123 3123 - t t t 

~f:rf","-'nl m:c • 8-5-1 114 114 1111 3'23 3123 -t t t 
Cumplr.l1Ipnt A CPl. A --7i. 114 ----

NEG A --00 - A 2/R t 1 t t 

A.hl'Subtrar.l AOIl • A-A+,. 2/7 114 114 17 3'1'1 311!1 1 1 t t 

AnG s A-A'+"+C 2!7 114 114 1/7 3119 3119 t t t 1 

SIIIl • A-A-s 2/7 114 114 117 3119 3119 t t t 1 

SIIr: , A •• - A ... - C 217 114 114 1'7 3'19 3119 I t t I 
IlAA CnTff!C1 ncn additinn nnd suhtrectlon 1/4 I t I t 

Z-80 INSTRUCTION SET 

A:-':IJ ANIl A - A AND s 2,7 1'4 1!4 11 3')'1 :t 19 0 t 
1:'([ 111~h·f'·OR X()R "-1'9~ 2 '; 1'4 1:4 1 7 311q 3'1Q n ! 
OR' findu .. h-j·' IlR A - A OR. 21;- 1'4 114 17 :tl'l :1'IQ " I 
Ililll"'! lilT h. ~ SrI Iro,el) Z nor il b" hI! nf s I, "'1uol 10 II (1 J 2·" 2:A ~ 12 4 ~" 4J:!H t x x 
(:'UllJl.u.o el' A. - ~ '" IInl (:hm~f:cfJ 2'7 I.~ 1:4 17 o'"I!1 3!19 I t I I 
nillcl r:um(lHfI' 1.1'1 A - (111.1: Inr.. HI.: flcr.. lie: llfl - I x I 

Cl'lR !\ • 1111.1; Inr. 111,: I~,. IIC; H"IH'al :'!;21HC - I x I 
IInlil A ~ (111.1 or IIC :. (I 

CI'II II - (111.1: 11"".111 .. lie z:tn - t x t 
CPIIR A - (111.1: 1Jo-r. III .. IIC; Rr""al 2::1111: - I )( t 

unlil A r {lfLl fIT nc "'" 0 

C 
Rf)t,ltt~ RI.C D-rr=-:''::::::'b 1:4 :'!f8 215 4'23 4/23 t I I I 

C 
RRC [.Q r:-e=.~=::':'-·-b 1'4 218 215 4 '2:1 4rZ3 t t I I 

C 
RI. • cLT·_·-c:::.::===t-J Z.S.anrl 114 218 

PN arc not 
2'15 412:1 4123 t t 1 t 

C alf.dod for 

RR I·Cl----I -~"'J:::J fot. A 114 2'8 ~15 4''2:1 4'23 t t I I 

C 
SLA Cl--c== .. ..:::.}- 0 114 21R 2'15 4r.z:1 4123 t t I I 

c • 
SRA d:::J [C··_-:=t:. 1'4 218 Z'15 4123 t t I 4rl3 1 

C 
SRL ['-f:l 0 -{--'-~::--'b 1'4 218 2'15 4'23 4123 1 1 t 1 

A (111.) 

Rnlatt-diJti,,, RI.I1 ~ c..-:r:.:::...J c:::.:::C_l 2.18 - I t t 
~ 

RRn 
A~..J-

. r----,----J r:=J::'=:J 2'18 -t 1 1 
~ 

(lrfiflltioflS: n ... R hit,; fir IlI100tHlinh~ tlttlii ((;fJllfinur-rl, 

r • Any "r II,,· ri~hl·hil CPt I ",gi' .. • .. A. II. r., Il, F.. II. I. 
fnn~ 'C Ih" nwnmn" lut.:.ti"" poillh'fi to 11\; the 1",,('olHl "011 third h\1t..' or Ilu· in"truf.liun 

1111 • _ .• L._ •• _~ •.•••••. I .••..•• L ....... : •• 1. .. 1 I.~ 1 •• _ d ... III run:.:I.-,.nnl, 



()pur.t.liull 

Sci {:aTTY 
wnlpl,:mcnt carry 
tUilLlc interrupts 
DisHI.It: illterrupts 
Selct.1 illl~rrupi modo 

Halt 
No opcralion 

Jump un,;nndilioIlslJy 
Branch uuconditiunally 
lump conditiunally 
Branch (;onJitioJlally 
jump indirecl 

DeClel1lent and ju mp 

Celli sULUJUtillc 

R~turn Crom :muroutinc 

Return frllm inll'rrupl 

MNI': 

SCF 
U:F 
iii 
DI 
1M 
1M 
1M 
IIAI.T 
NOP 

II' 
IR 
II' 
IR 
II' 
II' 
IlJNZ 

CALI. 
RST 
CAI.1. 
RJ.'T 
RI.T 
RETI 
Rl:TN 

n 
I 

2 

(II' 

nn 

ce, on 
tt .. e 
11lI., 
I .. ) 
• e 

nn 
p 
ce. nn 

cc 

C-I 
c-1: 
IFF-I 
IFF-O 
ScJed lwau illll!rruJlI modi! 

lJ~t.:riJltilin 

Scluct -btUUI inlcrrupllllmJt! (vt't...1or to nddrC!)s mUSH) 
Select zao inlerrulll mode (vt!clvr through table) 
Slop 
PC-PC+ I 

PC - nn liump anywhmc) 
PC - PC + e (jump withill - t:!hitncl +12tl Lytes frumlhn prcstJlllocationJ 
PC - nil if cc = I for (". = L. NC. Z. 11:7.. M. I'. PE. PO 
PC - PC + e if cc = I for u. = C. NC. Z. NZ 
PC-ilL 
PC -.s for S5 = IX. IY 
IlIiC. II; PC - PC -t c ill!'; 0 

Slacl - PC; PC - nil 
Slack - PC; PC -- p lur p = OU. UB. 10.20.28.311. or :l8 Ihex) 
Slock - PC; PC - nn il (;c = I fur ,;0 :, C. NC. Z. NZ. M. P. I'E. PO 
I'C-SlacL 
PC - Slad if u. ~ I lur n. = C. NC. Z. NZ. M. P. PE. PO 
I'e ..- Slidek; Rcs-cl iHlcrrupliliM pcriphcrdl inlcrrdl't! chip 
PC - Stad.; Hl!~lurt! IFF as it ~'d~ IJcfurc Uu:. lIuu-IUlISlahlt: illh-rrupt 

Uylc;Jcydcs 

:.!il:! 

3·111 

2f7.1:! 

I;~ 

2iH 

2'11,13 

J!17 

1.11 
a·llI. 17 
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~114 
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APPENDIX D. 
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