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ABSTRACT

The purpose of the thesi§ is tp 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 micfoprosessor which cont-
rols a stepper motor driven mechanical moving stage scanner.
Scan—Contrdl,detection and drilling of hole-positions are
performed by the %2-80 microprocessor-based card which is
connected to the drivers of the stepper motors through
which the power requirements of the motors aré supplied
during acceierafion,steering and deceleration of the mecha-
nical stages.

In the developed system,hérdware is minimized,
giving all possible controls to the software.System can also
be viewed as an intélligent 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.



O ZETGE

Bu tezin amaci,baska devreler iizerine agilacak delik
yerlerihin,mikroislemci denetimihde séptanma51 ve delinmesi-
ni simiile eden bir sistemin tasarim ve gerceklegtirilmesidir.

Sistem,Z—BO mikroiglemci kontrolunda olan adimlayica
motorlarin siirdugii iki boyutta hareketli bir mekanik tezgah-_
tan olusur.Tarama kontrolu,delik yerlerinin. saptammasi ve
delimi, z-80 mikroislemci kart tarafindan yapilir.Bu kart,ay-
ni zamanda mekanik tezgaha hareket saglayan motorlara,hizlan-
ma,maksimum hizda sﬁrme;yavaslama sirasinda gereken giig:ge-
reksinmelerini kargilayan siiriiciilere baglidar.

Geligtirilen bu sistemde donanim en aza indirilerek,
miimkin biitiin kontrollar yazilim denetimindedir.Delik yerleri-
nin siéteme girilmesi optik yollarla saglanmis olu?,delme ig-
lemi sirasindada optimum yol kavrami dogrultusunda,zamanlama

en aza indirilmisgtir.
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CHAPTER 1
I. INTRODUCTION

Even though,in today's technology Computer Aided
Design (CAﬁ) ié becoming more important,in which case the
drilling'hole positions are known from the design process,
presently many of the board 1ayoutsvare drawn by hand.ihus
at this moment,in order to make the drillihg of these holes,
either automatic drilling machines are used,or driiling‘is
performed menuvally using a drill.

Both of}the mentioned drilling operations have dis-
advantages.lf an automatic drilling machiﬁe 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 meximum accuracy with
minimum process time.

| When drilling is done by hand using a drill,one can
not télk about accuracy in alignment,or time taken in order
to complete even a small card. |

As can be undérstood,even generating the list of
drilling positions or calculation of their coordineates,is
a very substantiél part of the totai production time,znd
when drilling operation is includéd,the time‘required is

twice as much.



In'this thesis,a proto-type system is designed and
realized which is capable of detecting the hoie positions
by itself,using its scanning and detection programs,then
performing the drilling‘of these appropriately recorded
hole positions under fhe\cbntrol of its drilling program
which utilizes a developed opbtimum-path algorithm written
for thié specific'application,includihg the’drilling
accuracy of an automatic drilligg machiné with process time

minimization.,



1I. GSYSTEM LAYOUT

General architecture of the system is given in the

below figure.

- Detector
K2
| X-motor \ @wo—'.
‘ Driver | ) Dimensional
B :> : Mechanical 1 X
Opntrol_L\ 2-80 . A Moving — moto:
Panel Micro- :
-7/processor | Y-motor N Seannex
Garj —T 7| Driver |—]
A '
§ [
Power e
Supply _ motor
Card

Figure 1.1 System Architecture

System scans fhe previously prepared dot mask,
located onto the upper stage,in a meander pattern, teking
data at the end of every 80 step of the stepper motors
under the control of the related routine within the soft-—
ware of the system, _

Control ﬁrogram is processed by the Z-80 micro-
processor card and the required step sequence is generéted

which is then fed to the mofor drivers connected to the



stepper motors.Scanning and detectiéh routines continue
interactively until the whole layout is scanned.Then,control
is transferred to the drilling pfogram.

From this point on,the detector can be visualized
as a drill,and drilling is performed repeatedly,according
to the data obtained dufing the scanning and detection
routines,waiting a few seconds on the dot to be drilled,
simulating the drilling proceés.whis program utilizes an
optimum-path algorithm specifically written for this kind
of application.

Detailed explanations and calculations are given

- under specific headings'and chapters.



CHAPTER 2 -
I. STEPPER MOTOR BASICS

A stepper motor is a device that éonverts electronic
signals into discrete mechanical motion.Each time the direc-
tion of thequrrent 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 20000 steps per second. |

Steppér 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 to provide opening,closing,rotating,reversing,cycling
and highly accurate positiohing in a variéty of applications.
Mechanical components such as géars,clutches,brékes and
beits are not heeded since stepping is accomplished electro-
nically.There islno néed-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



step accuraciles of 3 per cent or 5 per cent noncumulative.

A. Operation

Stepper motors operate on phase-switched d.c.?ower.
If the motor is a 1.8 degree per step motor,the shaft
advances 200 §teps per revolution when a four-step input
sequence (fuli—step mode) ié used and 400 steps per revolu-'
tion .(0.9 degree per step) when an eight-step input sequence

(half-step mode) is used.

STEP| SW1 | SW2 |SW3 |SW4

ON OFF |ON OFF

ON | OFF |OFF |ON

OFF | ON ON |OFF

1
2 .
3 OFF | ON OFF |ON (FULL-STEP MODE)
L
1

OoN OFF |OK OrF

TABLE 2.1 Four-step input sequence

i sw

FIGURE 2.1 DC Stepping circuit



STEP | SW1 SW2 SW3 Sk

1 -{ON OFF ON OFF
ON OFF OFF OFF
ON OFF OFF ON
OFF OFF OFF ON
oN (HALF~STEP HODE)
OFF ON OFF OFF
OFF ON. ON OFF
OFF OFF ON OFF

S 0 NN 00 o FoWwWo
O
e
=]
O
=
O
frj
i

ON QFF 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-clockwise
rotation of the shaft,switching steps are performed in the
following order : 1-4—5—2—1 in full-step,1-8-7-6-5-4-5-2~7
in haif—step mode.

Apart from the Four-step and Eight-step drive met-
hods,there is one more drive method which is called Wave
Drive.knergizing only one winding at a time is the so-called

Wave Excitation.

STEP | SW1 S92 BW3  SWa

1 ON OFF OFF OFF

2 OFF OFF OFF OHN TLBLE 2.3 Wave
i Drive

% OFF OK OFF OFF




This type of excitation also produces the same
increment as the four-step sequence.Since only one winding
is on,the hold and running torgue.with rated voltage applied
will be reduced BO‘per cent.Within limits,the voltage can
be increased to bring output power back.tq rated torque
value.The advantage of this type of drive is increased effi-
ciency while the disadvantage is decreaéed 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 toAstop

with minimum ringing.

B. Torque
1. Holding Torque

At standstill (zero step per second and rated cﬁr—
rent) the torque required to deflect the rotor‘a full step
is called the holding torque.Normally,the holding torgue is
higher than the running torque and thus acts as a strong
brake in holding a}load.Since deflection varies with load,
the higher the holding torque the more accurate the position

will be held,
2. Residueal Tbrque

The non-energized detent torque of a permanent-magnet
stepper motor is called Residual Torque.As a result of the
permanent magnet flux and bearing friction,it has a value
of appfoximately 1/10 the holding torque.ihis characteristic

of permanent magnet steppers is useful in holding a load in



the proper position even when the motor is'de-energiZed.
The position however will not be held as accurately as when

- the motor is energized.
3., Dynamic Torque

A typical speed/torque characteristic curve is

shown bélow.

: Running
Torque '

T . — —— - Start without error
mNm.

-~

100 200 3C0 400 Steps/sec.

Figure 2.2 Airpax K82402 L/R Stepper Speed/Torque

The'Start Withou% Error curve shows what torque
load the motor can start and stop without loss of a step
when started and stopped at a constant Step or a pulse rate.

The Running curve is the torque available when the
motor is slowly accelebated to thé operating stepping rate.
Tt is the actual dynamic torque produced by the motor.This -
curve is also called the SLEW curve, |

vThe_difference between 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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¢, Resonance

When a stepper motor is operated at its natural fre-
quency,typicelly 90 to 160 steps pér second,depending ohcmc—
tor type,an increase in the audio and vibration level of the
motor may occur.The frequencies at which this resonance will
_occur vary widely depending on the characteristics of the
load.

In some cases,the motor can oscillate or loose steps,
while in other applications,resonance may not be experienced.
Where resonance dces occur,an increase in inertial 1oadihg
will usually allow operation at these frequencies.

o permanent magnet stepper motor,however,will not
exhibit the instability and loss of steps often found in va-
riable reluctahce stepper motors since the permaﬁent 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 ucipolar windings.

The stetor flﬁx with bipolar winding is reversed by
reversing the current in the winding.It requires a push-pull
bipolar drive as showﬁ in Figure 2.3.0ne must be careful
in the design of the circuit so that the transistors in se-
ries do not short the power supply by turning on at the same
time.Properly operated,the bipolar winding gives the optimum

motor performance at low to medium step rates.

A unipolar winding has two coils wound on the same
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I +V

Ty o

Q Qs Q

SIEF | Qq_y Q_y g Qg_r

OFF OF ON OFF |[totation

A ON OFF ON OFF
2 O OFF OFF O A
cv 3 OFF ORN OFF ON CCW
Rotation n
{

ON OFF ON OFF

Figure 2.% Bipolar Switching Sequence

bobin per stator half.Flux is revefsed 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‘bipolaricase,(refer to figure 2.4) to preveht

the short through two transistors.
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|
g e QU
1 L] | '1
STEP| Q1 Q2 Q3 Q4
1 -ON OFF ON OFF i
2 ON OFF OFF ON
CW 3 OFF ON OFF ON . CCW
Rotation 4 | OFF O OH OFF Rotation
1 ON OFF ON OFF

Figure 2.4 Unipolar Switching Sequence

For the unipolar motor to have the same number of

turns per winding as the bipolar motor,the wire diameter

must be decreased and therefore the resistance increased.

This results 30 per cent less torque for the unipolar motor

at low steprates.At higher rates,torque outputs are equal.
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E. Performance Improvement &JDriveiTypes

If a motor is operated af é fixed rated voltage and
if its frequency (i.e. its step éate) is tried to be increaé
sed,fhe torque output decreases because of the rise time of.
the coil which limits the power delivered to the motor.And
this effect is due to the inductance to resisﬁance ratio of
the circuit.

This may be compensated by raising the power supply
voltage and adding a series resistor (as shown in figure
2.5) or by increasing the power supply voltage to obtain a
constant current as the step rate increases.

—

oy E Q2 ‘:_HQB tQﬂr
1 |
Figure 2.5 L / 4R Drive

. Por L/4R drive,series resistor is selected three
times the motor winding resistance.Supply voltage is incre-

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



aqn

' understood that power supplied to the system also increases
by a factor of four with respect to L/R drive.
For power minimization,bi-level or chopper drives

may be selected.

1. Bi-level Drive

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.

B
M_E } Bj_{: B2

. — >

Low:EZ v D1 - >e — High

¥ |
—

=V

—

<090
099

0900~

Q1

Figure 2.6 Bi-level Drive (Unipolar)

The high voltage source is put on through a current

sensing resistor or by the circuit in figure 2.6 which uses
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the ihduétiﬁely generated turnoff current épikes to control
the voltage.At standstill,the low voltage source energizes
the motor windings.As the stepping sequence is fed to the
windings,diodes D1,2,5’4 ére used to make the high voltage ,

transistors Q1 5 conduct.
9
2. Chopper Drive

Such.abdrivé maintains an average current level,
using a current sensing resistor to turn on the high voltage
supply until an upper current level is obtained,and turn off
the high voltage until a low level is senséd.Then it turns
on the high voltage again.

| ~this type of drive is best for fast acceleration and
variabietfrequency applications,aﬁd more efficient than a
constant current amplifier regulated supply.In a choppér
drive,the voltage supply must'Be five to ten times the motor

voltage rating.
F, Transient Voltage Suppression

Transient voltages are generated as current is
switched 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 isb
provided.The most common method for suppressing transient
voltages is to use shunting diodes across each winding.Since

this reduces torque,voltage is allowed to rise to more than

twice the supply voltage across the switching transistors.
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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

Increasing the voltage to a stepper motor at stand-
still or low stepping rates will producé 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 power input.

The maximum speed a stepper can be driven is limited
by hysteresis and eddy current losses.At some rate,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 whose related performance charts

are given in the appendix.

Manufacturer: ORIENTAL MOTORS

Type: FH296-03

Voltage: 14 V

Current per phase: 0.7 A/phase

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

Resistancé per phase: 20 ohms/phase

Inductance per phase: 60 mi/phase

Working temperature range: —10°C to 50°C (I4°F to 122°F)

Temperature rise: 80°C (176°F)

Insulation type: Class B

Insulation resisténceﬁ 100 M5 or more when megger
regding is DC 500 V |

Dieleotric strength: Withstands in normel when impressing
0.5 kV at 60 Hz. between the windings

and the frame for one minute
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CHAPTER 3

SYSTEM HARDWARE

Hardware of the'system-consists of the following the
blocks and explained as listed.

A, Z-80 microprocessor card

B. Mechanical Assembly of the Scanner

C. Steppef Motor Drivers |

D. Detector

E, Power Supply

Althbugh each heading above will be considered in
detail ,ﬁain spec's of the hardware are;

i. Z2-80 1is used as the CPU,and a Z2-80 PIO for
input/output purposes. '

ii.Control programs are about three Kbytes long
-and stored in two 2716 LEPROls.

iii.Maximum scenning area of the system is 220mm
by 150 mm (x,5) meéhanically.

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,memofy available for storing the hole-~
position informationllimits the card size to 170mm by 14Omm
(x,v),because RAM is also used as a stack and a generél pur-

pose store area for program constants.
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A. 2-80 Micreprocessor Card

In the design of the system,Z-80 microprocessor is
chosen as the CPU,whose block diagram of the internal struc-—

ture is shown in the below figure.

8-bit
Data bus

Data Bus
Control

Internal Data Bus-;———-J ATU

<« Reg. l : l
Instruction| =
CPU
gecode 4 Registers
CFU o .I
Control _bCPU
Control AddTess
Control
16~-bit
1% , | Address bus
CPU and Y
System -
Control
Signals

5V GND @
Figure 3.1 Z-80 CPU Block Diagram
7Z-80 is an 8-bit processor with eighteen 8-bit ré—
gisters,and four 16-bit registers.The registers include two
sets of six general purpdse registers that may be usedindi-
vidually as 8-bit registers or in pairs as 16-bit registers.

There are also two sets of accumulator and flag registers.
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| 7-80 CPU can execute 158 different instruction
“types including all 78 of the 8080A CPU.The instructions
can be broken down into the following major groups:
a. Load and Exchange
b, Block Transfer and Search
c. Arithmetic and Logical
d. Rotate and Shift
e. Bit Manipulation (set,réset,test}
f. Jump,Call and Return
g. Input/Output
h. Basic CPU Control

Also,the tYpe.of addressing modes avaliable in Z-80
CPU include; Immediate,Immediate Extended,Modified Page Zero,
Relative,Exténded,Indexed;ﬁegiétér,Implied,Register Indiréct
and Bit Addressing modes,

Apart from Non Maskable Interrupt,the CPU can be pro-
gramed in any one of the threce msskable interrupt modes,
MODE 0,1,2.

Details of the above mentioned characteristics of the
'Z—SO CPU can be found in the Lppendix,

Input & Output actions are done by Z-80 PIO Paréllel
I/0 which has two parts and provides a TTL compatible inter-
face between peripherals and Z-80 CFU.

Memory devices are; 2 EPRONMS of 2716 type end a RAIM,
6116 P-3, 28 bit capacity. |

System clock frequency is 2.0FHz which is obtained
from 4.00 MHz. crystal,dividing this by 2 using a D-type

- flip~-flop.
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Address Decoding of the system it done as shown

below:
74TS139
Apq — I W — EPROM 1 (CS)
A15 —1 B YTl EPROM 2/(6§)
B |G 12 _ RaM (TS) .

" Figure 3.2 Address Decoding Circuity
This scheme of decoding gives such a memory layout;

geey - P7FF  EPROMT
@8g@ - YFFF  EPROM2.
19¢@ - 7EFF  Unclassified
8PP - 87FF  RAN

Table 3.1 Hemory Layout of the System

Mode 2 interrupt mode is selected in order to connect
control switches to fhe system.Using thiéamode a table of
16-bit starting addresses is obtained for every input service
routine,.When an interr;pf is accepted,a 16-bit pointer is
formed to obtain the desired interrupt, service routine starting
address-from the table.The upﬁer‘B bits are loaded to the

I register,Where the lower eight bits of the pointer are
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supplied by'the‘interrupting switches.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
address and the addresses must always start in even locations.

This mode is used together with the hardware below.

PHLS575

Dp —] -

D1 —— L
D2 —— |

D3

i
b5 ———

D7

Interrupt Inputs

L
~NJ O U S

L]

=
=3

L , :
{1 —
L — 150:1[?

"= e m

— (% 10 n

TORQ and M7 indicai

INT ———*~—\ /*‘

VKl Interrupt Acknowlel

W S (IRTE)

Pigure %.5 Interrupt Hardware




Whenn one of the switches cornected %o inﬁérrupt in-
puts is drawn to ground,NAND gaté output goes high and sends
a 1.3 microseconds interrupt pulse through capacitor,resistor
network,and at this moment,?@iSB?ﬁ Octal Transparent Latch
is enabled and it latches the data on its input.Meanwhile
the CPU generatés an INTA signal which enables the output of
“the latch,placing the data taken from the switches to the da-
ta bus.This information supplies the lower 8-bits of the 16~
bit address.Thus CPU Jjumps to the desired location to run
the special'program,this specific switch wants to run.

Firsf,PortA-of'PIO is programmed as output,Port B as
input.Then, after,detection and scanning program,Port B also,

is programmed as output.

RsET ROUTIND

9900  31E587 1D SP,87ESH
@¢@@3  EDSE M 2

geps  3EQ7 1D A,07
ogp7  EDA7 1D I,

goP9  SEQE ID A, @FH -
gggB  D3g2  OUT (92),4

gggD  BE4F LD A,A4FH

gggr D305 oUT (@3),A

@11 AT " XOR A

ggi2 D300 OUT (@¢),4

g@1s  FB EI t
| gogis 76 HALT

Tsble 5.2 Reset Routine



~ terrupt mode 2,loads I register with @7,programs A port of
PIO as output and B port as input. |

START
STOP

Pos-x

Nég—x

Pos—y

Neg-y

trol penel.Output Port A is connected to the stepper-motor

2

This routine,sets stack pointer to 87ES5H, chooses in-

Interrupt Service Routine Starting Addresses:

Switch
Switch
Switch
Switch
Switch

Switch

Dable 3.3

!

@7BE
p7ER
@7DE
@g7DF
@7EC
@7ED
Z7FA

- {7rB

g7FE

g7E7

$7EE
g7EF

1%

95

25
g7
29
g7
4g

65
g7
D@
g6

WMI is connected to the emergency switch on the con-

drivers;l4-least significant pins to x-motor,4-most significant

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

circuity (Pin B@).The other six pins are grounded.But Pin B7

is connected as shown below:
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B7- T

Figure 3.4 Drill Simulator

This circuit enables us to simulate the drilling
process when the detector comes onto a dot,as if it is dril-
lihg the hole,the LED flashes.During these operations Port B

is also programmed as output port.

BOGAZIC) DNIVERSITES) KUTUPHAHES!
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B. Fechanical Assembly of the Scanner-

Stage scanner used in this system is mainly composed
of twp stages mounted on top 6f each other with the following
specifications.

Since for this very special application,in which very
high precision motion is needed,the lead-screws and their
corresponding nuts should not impose any backlash to the sys-—
tem.Although there are ways to avoid this phenomena such as
coupling the lead-screws with adjustable nuts or using spring
systéms,in the»prototype,backlash did not cause any trouble,
which is one of the best spec's of the mechanical system.

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

1) Base Plate (dim. 260 x 350 ¥ 4mm )

2) y-stage (dim. 420 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 two vertical plates betwecen which
‘the lead-screw and the carrier-shefts 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 which
a Tree slide on the shafts can'bé achieved.Y-stage holds the
other two verticzl plates.On these vertical plates,the other
carrier-shaft pair and the other lead-screw is found.Ali
stages and plates are aliminum.

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

plate which is mounted to the nut of this lead-screw,
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Mechanical system,being as mehtioned'above,uses linear
motion'bearihgs which gives the sfagee almost frictionless,
smooth llnear motion. Laoh stage has 4 of these bearings,
D(IFO D=16 type) imposing a balanced load to the carrier-shafts
Diameter of the shafts is 16mm.

Lead ecrews have 8 threads per inch.leaning that,one
revoiution of the screw moves the nut 1/8 inch.Since the step-
per motors,used in this system,have 1.8 degree step angle,
giving one revoiution’with 200 pulses,as a result,one pulse
to the steppe:s moves the stages 1/1600 inch.Since no-black-
eiesh is experienced,this 1/1600 inch happens to be the resolu-
tion of the system descrlbed

Coupling between the shafts of the. steppers and the

lead-scravws is done as shown below:

stepper

\QQQ§Q§<}lead‘SCrew

Figure 3.5 Motor Coupling-
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On top of the x-stage,a glass-plate is mounted on
which the dot-mask is placed for-proéessing.Glass plate,x—

plate combination can be secen in the below figure:

- : Detector
/ Dot-Mask

[ :Fl;_:WWV”—:“‘.;M'M»wV LT et W L ———— (Glass-—
, o - Plate

X-Stage

/i
!
/

Lamp

N . S————— Carrier-
~ ER Sub-plate

S Linear
T~ Bearing

Lead~Screw
Figure 5.6 X-stage

The mechanical assembly,having the previously mentioned

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

(x , ¥)
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C. 'Steppef Motor Drivers

Although the drive circuitry of a stepper motor has
to be determined- accordlng to the requirements of the appll—
catlon (such as the amount of torque needed,speed, accelpratlon)

stepper motors which are used in the system were avallaole
Abefore the mechanical assembly (i.e. stage scanner) is rea-—
lized.So,there was the obligation of'making a suitable drive
éirduitry for these stepper motors considering how a scanner
design may be the best for the application.

Since ih this application,scanning is doné with very
small intervals (1}27mm),fime is a very important factor in
the process,So,métors have to‘be forced to be driven at the
probable maximum speed,by acceleration,steering at that speed
vénd deceleration finally,

Mechanical assembly is so designed that almost fric-
tionless movement is obtained which means that there was no
need for high torque output from the steppers.This charac-

‘ téristic of the scanner created a chance to speed up the
stepber motors. | ‘ '

When speed vs torque characteristic of the steppers
is examined,it is seen that as speed increases,torque out-
put decreases accordingly.Since slow constant speed is also
needed when accelefation is not‘possible becéuse of short
paths,studying the Start without Error Curve (the stepping
rate which a motor can start and stop without losing a step)
indicated that,a speed around 200 steps per second,will

be good enough for the constant speed requirements.



Since_highﬂgérque output is not needed for this
application,it is decided to choose-a drive circuifry which
~is best for fast acceleréﬁion‘and variable frequency opera-
tionj;and a chopper drive is preferred after studying the
drive types.  \, '

An inductor of inductanée L,having resistance R,
behaves aécording to the pelow formula when a voltage V is
'applied on its terminels:

_odi Lo
V=15 it +Ri

Taking Laplace Trénsform,we get,

—%— = sTI(s)+RI(s)

I@) = —Y /B (/R

s(sI4R) I3 s+—%r

1(t) =-,l£—<4-exp<;tR/L)>

In our case we egquate the above equation to 0.7 A

rated current,and we obtain,

-3 -
0.7 = E%T (1- exp(-t/3x10 7)) where R=20 ohms

1=60 mH

From here,

$ = -3%10"°(1n (1--33;0)

If V=30 V, then t=1.8 ms.
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If V=42 V, then $=1.2 ms.

It is seen that inereasing the voltage applied to
a winding,ingreases the time to reach a‘specific current.
From the above equation,we deduce that a véltage of approxi-
mately 42 volts can give an operation frequency of 834 Hertz.
This fact is one of the important 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,Q23,Q5B,corresponding motor winding is chosen and
connected to the high voltage through power treansistors, |
'QqA,and Qqpsuntil the rated current of the windings is reached.

This rated current is detected on current sensing
resistors R5A and R5B,turning on transistors Qg, and Q63’
~which draw QqA and QﬂB igté cuﬁ—off.At this moment,the low
voltage supply is cénnected to the windings in 6rder to
prohibit the power that will be dissipated on QﬂA and. QWB
wheﬁ rated current is passing through.

Diodes D5A;D4A’D5B’D4B and zener dio@es ZA énd ZB
are for voltage suppression purposes in order to protect the
circuitry from high voltage inductive spikes that may be ge-
nerated.Diodes D, and Dyg are to inhibit reverse current to
low ﬁoltage supply,while diodes DSA’DéA’DBB’DéB are included

in order to avoié negative 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 (LM 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 with light. |

In order to obtain sharp transitions and stable vol-
tages,a comparator is connected to the collector of the

photo-transistor as shown in figure 3.8.

+
To z-80 PIO Photo-transistor
» +
port B,pin BY ANV A
< R _-Dot mask
: —~~-Glass Plate
;;ﬁ‘—-”‘ — ~---Diaphranm
‘é_ ~ e .

T = - Lamp

Figure 3.8 Detector Circuitry



B4

3y usiﬁg'thevpotentiometer,thé offsét 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 compé—
rator raises its output to high (& V).Below 1.2 volts,output
is at Iow level (0.55 V). |

- In the Z-80 PIO specifications,input low voitage is

given gs 0.8 V,and input high voltage as minimum 2 V.Since
comparator output is connected to Z-80 PIO pin Bg,a wrong
data input is avoided,which can be encountered due to the
oscillations., |

This-infqrmation coming from the detector through the
comparator is used to decide whether there is a hole or not
at that node.

Since the photo-transistor hésra very narrow sensi-—
tivity angle,the lamp has to be located in perfect alignment
with the photo-transistor.Also,z diaphram is put on to the

lamp,to show only the filament to the photo-transistor.
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E. Power Supply

Voltage levels required in the systeﬁ 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 %2 V AC supply as

shown in figure 3.9.

-

o)
52 v » -{ 5+ 4‘5 v

‘ 7

184007
AC > @\/ .

; 2200uF, o= 2200uF
.__:l// 80/%’F M

R

N ——

v
nd

Figure 3.9 High Voltage Supply

hlthough the output of the above circuitry is around
45 volts at no load,when loaded output drops to 42 volts,
which is sufficient to fulfill the high voltage requirement
of the driver card. |

Other voltage levels are obtained using voltage regu—
lator IC's,as given in figure 3.710.Voltage levels,18 and 5
volts are derived from 7818 and 7805 regulators with 1 A,’
ratings.Lemp voltage is supplied by using a 723 IC (Vaﬁiable

Voltage Régulator).This supply is made variable in order to
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set the intensity of the lamp to a level so thaf the photo-

transistor output voltage can be at the optimunm level.

N ,
:»\ + 57V

19 v £ AN2001 +— 7818 7805
Ao L 3’
N ANV 2 0.1 (47 5= | 2=0.1 =0.1
/AFT 1 B | JE i P
A | Gnd
_+ 18 V -
2 P <+ 5>5V
12 10 ’
e 11 <
oy TF a7 e
> TO.’I/MF ‘j 10K
ne )

Figure 3.10 Low Voltage Supplies

Approximately 500 mA is drawn from the 45 V supply,
and 700 mA from the above supply card (200-250 mA pfocessor—
card,70-80 mA lamp,350 mA driver).
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CHAPTER &4 -

SYSTEM SOFTWARE

System software can be devided into four main prog-—

‘ram blocks:
i,
ii.
iii.
iv.

‘There

Line Detection Program

Freme-length Detection Program

Scanning & Store Hole-Positions Program
Drilling Program

are also a few sub-programs which are used in

each of the above mentioned programs,and these include;

8.
b.

C.

Constant Delay & Variable Delay Programs
Acceleration & Deceleration subroutines

Constant Speed Subroutines
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A. SUBROUTINES

L. Constant Delay

This delay routine is uséd at constént speed move-
- ment programs.(Routine DLY).It is 8017 T cycles long.Since
system clock frequency is 2 MHz.(one T cycle is 0.5 micro-

seconds),this gives us a delay of;

8017 x 0.5 x 10~°= 4.0085 msec. (249 Hz)

1T, Variable Delay

The Variable Delay routine is used where a delay of
different durations is needed,namely in the acéeleration,
maximum speed and deceleration routines (Routine VDLY).Its

~delay is given by the relation below:
((13%3 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

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 speoiai sequence.lhese pattgrns
are A,9,5,6 in hexadecimal form (1¢19,1991,0181,%118in binary)
for clockwise rotation; 6,5,9,A in hex. for counter-clockwise
rotation. _

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

The least significant four bits ( 03%,02,01,08 ) are connected
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to X-motor,the rest ( 07,06,05,04 ) to the Y-motor through

the motor drivers.

Since one port is uéed 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 shown below for use in the routines.

Memory fddress Bit Pattern

@7Ag H PA H
g7a1 H g9 H ,
For X-Motor
@74A2 H @5 H
@743 H 06 H
@7Bg H AP B
@781 H of H
For Y-Motor
@782 H 5¢ H
@783 H 60 H

Table 4,1 Motor Qonstants

As it is seen from the table,most significant four
bits of the x-motor bit patterns,snd the least significant
four bits of the y-motor bit patterns are zeroes,not to ener-
gize the other motor windings while one of them is rotating,
therefore not drawing excess current at standstill. \
| Using the above mentioned bit patterns and delay
routine DLY,the constant speed routines are writtén as shown

in the following figure &4.1.
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v

A

l ey

IX < @743 H
B - g4

A

1
A < (IX)
. PORT @ = A
+.

DELAY

IX = IX - 1

Figure 4.1 X-motor CCW Constant Speed Routine

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

linear mofion°in order to move one grid length that is 1/201

inch,motor has to be stepped 80 tlmes(SO Decimal = 50 Hex.).
In these constant speed routines H register of the-

pfocéssor is used as the step counter.At every 80 step count,
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the routine repeats itself to move one more- grid lengfh.
Figure 4.1 is the flowchart of the routine to move
the x-motor such that the upper (x-table) stagermoves in
positive-x di:ection (i.e. away from the motor).
There are four routines,which are called by using
the interrupt mode 2 of the Z-80 through the control panel
switches,giving manual pontrol of the X and Y stages by which
the detector caﬁ be positioned on the dot mask anywhere de-
sired.These are negative and positive X and Y direction

movement routines,located at;

g7¢p H : X-Stage,Positive-X (away from the motor)
g74¢ H : X-Stage,Negative~-X (towards the motor)
@765 H : Y-Stage,Positive-Y (towards the motor)

@geDg H : Y-Stage,Negative-Y (away from the motor)

These routines move the stages continiously until

the STOP button is pressed on the control panel.

IV. Accelerzstion & Decelerstion Routines

Acceleration and deceleration routines éré written
using the same logic of the constant speed rouvtines,but
vaiying the delesy durations.Delays are determined according
to the acceleration and deceleration constants determined |
experimentaly by running the stepper motors until the desired
proflle is reached and these corisfantc are listed in table 4.2,
Acceleration takes place in eleven steps reaching a
speed of 791 ctepo/sec at the final step giving a profile

as shown in flgure L,2.



~Address Constant Step Raté(spepé/sep) o

g0p
g7c
grce
g7c3

gocy -

#7C5
@7¢c6
@7¢7
$7C8

o769

g7ca

3F
5D

38

34
2B
25
2¢

14

17

15
)

13

238
245
260
289
349
406
70
578
654
716
791

Table 4.2 Acceleration Constants

Speed (steps/sec)

90Q..

800 e
700 %”;m

600 ;

500 - -

300 -
200
- 100 1

;L_‘

d A\

12

3

'@-——-— tacc

- Figure 4.2 Acceleration/Deceleration Profile
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| Deceleration constants are the same as acceleration
‘ constants,first}constant being the last one in taﬁle 4.2,
and they are written into memory locations from @7D@ to
#7D9. |

The flowchart 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 addreés of the deceleration
cpnstanté,and register C is 1oaded with @AH because decele-
ration takes place in ten steps.

After acceleration,motors are fed with a 855 steps
per second pulse rate,increasing the speed of the stages to

their maximum velocity.
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IY < @7C@ H 1

C =<« ¢B H

H <« 29

=
IX -« @740 H
B - ¢4

A = (IX)
- PORT @ = A

E <« (IY)

\

Varizble
Delay

i ,

H - H+1

I @& IX + 1

IY «— IY + 7

C(—-C—I]

o

Figure 4.3 icceleration Routine Flowchart
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B. MAIN PROGRAMS

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 follows:
1). Detector moves up (y-stage moves in negative-y
direction) in 4-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 thé depth of the blackness,tealting 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 givebhigh(one)),progrém decides
that it hes found thé ﬁppér frame line of the card.PBecause

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

i

|
>4 <>
P b

80 steps wide

1

31 = 80 , X = 27

Diameter of a dot = 2X = 54 steps

Figure 4.4 Dot dimensions
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2). Then the detector steps back from the upper line
by the amount it entered plus one grid length,giving a total
of 150 steps. |

3). After these operztions,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
movenment in the same manner as explained in 3).

- b. If a high level is detected,this is for sure
the right side frame line,because as explained in the 'opera-
ting the systém‘ section,there should not be any dots,one
grid below the upper frame-line.

4 4)., Detector then moves one grid iengtﬁ in the oppo-
site direction (towards left),and stops a moment to continue
with the next program.

This finalrlocation of the detector after this line-
detection progrem,is the zero-position reference point,there-
after all calculations and length measurements are done
according to this position.

Flowchart of this program is given in figure 4.5.



- Frame Line Detection Program
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A - PORT 1

¥

| HL < YTEP4
B - g4

A

A

A <« (HL)
PORT (@ = A

A

DELAY

P!

HL < HL-1

A

Y

A

\

A =— PORT 1
ALY
‘ V
DELAY CF = 1
(2 sec.) C < 11H
- \
L 4
HL = YSTEP] >
B -« §4 7
L ~— (HL)
PORT @ < A 0
DELAY
N
0L e HL4+1 (1)




STOP
DELAY (1 sec)

-
»

HI, -« XSTEP1
B« g

—
—

4

A <« (BEL)
PORT @ =— A

STOP
DELAY (1 sec)

( -— 2¢ H

o
T

A

EL -_i--' XSTERY
B «— {4
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A - (HL)
PORT ¢ - A

DELAY
HL <« HIL~1

STOP .
DELAY(1 sec)

\

Frame-length
~ Detection

Progranm

Figuré 4,5 Flowchart of Line-Detection program
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I1. Frame-Length Detection Program

This program measures the x and y lengths of the
frame of the card and operates as follows: .

1). Detector moves towards left (x-stage moves in
‘positive-x direction,away from the motor) with conétant
speed of 246 pulses/sec.,incrementing the grid counter at
every 80 step,until 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.
Two is subtracted because detector could haveAentered the
frame Jjust at the end of the grid length,and the other grid
~is subtracted to leave one grid empty on every side of the
éard. |

| 3), Since acceleration and deqeleration steps edd up
to 21, (11 grids for acceleration,l10 for decelerétion),this
number is compared with the x-length m=asured by the system.
If x-length is greater thgn 21 grids,systenm returns’to Zero
positibn by accelerating to maximum Speed.If.smaller or egual
to 21,then it returns with constant speedf

4). Y-length is also measured in the same way as ex-
plained in 4,2;5 above.This time,same control signals’and
s%ep commands are send to the y—motor.Thus,bottom—stage moves
‘and performs the same procedures.Y-length is stored into .
YLNGTH, and detectorbfiﬁally returns to zero-position.

Tlowchart is given in figure 4.6.



Frame-length Detection Program

Lv<—‘¢

-
-

A
WAY = @1

A

Call
MVINXL

L -~ 141

STOP
DELAY (1 sec)

\ ]
XTEGTH < L2
XPLTH ~— L-15H
PATH - XPATH

WAY <= L
Call
g , XRACC
Call
MVINXR
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N

DELAY (1 sec)
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L= ¢

A

N

WAY - @1

Call
MVINYD

¥

T = 141
A <« PORT 1

- STOP
DELAY (1 sec)

{

YLNGTH < I-2

YPATH < L-15H
PATH < YPATH

WAY - L

Y
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N
4ﬁ5ﬂ\

o

\Y
. Call
MVIRYU

-

Call
YUACC

DELAY (1 sec)

v

XPATH =— XPATH-2

YPATH < YPATH-2

KINC - XLNGTH+1
Y12 < XLNGTH4+2

“

Scan

Program

Figure 4.6
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1II. Scanningsand Store Progranms.

This progrém scans the whole card in meander pattern
taking datalat every 1/20 inch intefval(whiCh is the node
separation of the grid),and sforing the data taken accordihg
to a paftern given in the STORE routine for further proces-
sing.in the DRILLING program.The operation of this program
is as follows: | '

1). Program first déterﬁinés whether the scanning
will take place at~conétant speéd or in the maximum speed
mode, Decision is made accofding to the length in’the X—-3i-
rection(INGTHX).If x-length is greater than 21 grids (sum
- of acceleration and deceleration steps),then program enters
the maximum speed mode.If nét,scanning is done at constant
speed (scanning with CSCAN routine).

2). Scanning is done in the following manner Whén
the maximum speéd mode is selected due to XLNGTH.
| a. Since XLNGTH is known,and sum of acceleration
and deceleration steps is 21?léngth which will bé travelled
with maximum speéd is‘calculated by subtracting 21 from
XLNGTH and storing this value into memory location XPATH.

b. Scannlng of the line,is done first by accele-
retion 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 (egain taking data at each node
by STORE routine)and decelerates in ten steps and stops at
the ehd of the line.

0dd numbered lines are scanned from right to

-left,while 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—staée
moves down one grid,end the y-length is decreﬁented by one.

a. If y-length is not covered totally}that is
if the scanning of the card is not finished,scanning proce-
dure confinues as explained in 2a,b.

b. If the scanning of the card is finished'at
the end of an odd-numbered line,detector is returned to zero-
.bosition by a routine called SRTKZ1 which first makes the
x-stage mové by YLUGTH long (with or without acceleration
~depending on the x-length), and then the y-stage,YLNGTH long.

c. If the ccannlng is flnl hed at the end of an
even numbered line,program gumps to SRTNZZ2 Whlch is a part
of the program SR T1iZ1,%to move the y-stage until the detector
is égain placed at the top righ% corner (zero position) of
the:card.(Returning>to zero position is necessafy for the
drilling process).

4), Sub-routine STORE is the maiﬁ part of the scan-
ning and detection program,whose operation is as follows:“
a.After exchanging registers,accumulator znd
flags currently used with the other register set,routine in-
puts data from port 1(which is the input port).

b. Then retrieves the previous hole-position
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information byte from memory location LOC2,rotates right

and performs logical OR operation on this byte with the new

~input byte as shown below.

~ From LOC2 RRC

PONDNGPB | ———> | BOP1EDP
New Data ———> | 00@OOT31

4
Stored into 1L0C2 ——————r/ @O@13101

¢c. LOC1 holds the bit count.In the beginning,it
contains 8, but decreﬁented after each above mentioned opera-
tions are performed.Vhen LOCﬂ is decremented to zero,meaning
that 8 consecutive hole-position informestion is read,and one
byte is filled.Then routiﬁe jumpé to STM (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 which STAM (Starting Address of HMemory)
contains.Initially,STAM contains 8@@PH,which is the first
RAM location in the system.After each byte—stors,STAM content
-is incremented by one,LOC2 is cleared,and LOC1 is loaded
with @8,in order to process the new coming data.

e. LASTST roubtine (Last Store),within the routine
STORE, stores whatever data are in LOC2,after rotating the
content LOC1 times in order to make this data fiﬁ to the

reeding sequence.



STORE routine takes 118 T cycles (59 micro-sec.)
if a store to memory is not performed,and 233 T Cyéles,if
pefformed (115.5 microQSec.).This means that the routine is
fast enough to function properly even when motors are run-—
ning at their maximum speed wif%out imposing ahy constraints
to speed.

5). Constant speed scanning routine CSCAN uses
MVINXL,MVINXR and MVINYD which'aré constant speed routines
and the scanning of the card is the same as in the mexinmum
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.
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Scanning Program

L < YLHGTH

CSCAN
Routine

-~

\

Call STORE

#J

Move & Accele-~
. rate one grid

Call STORE

C < XPATH

- N
7

9

Move at maxX.
speed one grid

i

Call STORE

iz T
</ a\
Hed
_

C < PAH

-

A

Decelerate &
mové one grid

— X

VY

)

o7



L]

STOP
DELAY (O.1sec)

\

VLY & @1
Call MVINYD
DELAY(O.1sec)

Call STORE

! \

Move the detector
tq‘ri%ht'the same
as given in the

dotted box above

STOr
" DELAY(O.1sec)

4

UAY = @1
Call HVINYD
DELAY(0.1sec)

\

T - 11

&)

Y

SRTNZ1




SRTNZ2 -

. TN :
(%)
N

Y

Figure 4.7 Scanning & Detection Program

CSCAN (Constant Speed Scanning) Routine

L =~ YLHGTH

Lem——

-
-t

A

C <« XLNGTH

-

S’

WAY = @1
Call MVINXL
Call STORE

Call LASTST

STOP
DELAY (0.1sec)

WAY = 91
Call MVINYD
DELAY(0.1sec)

Y

29
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SRTNZ1

Call STORE

C < XLHGTH

-’

N
WAY <« @1

Call MVIKZ
Call STORE

y
C = C-1

<\

-
Y

2
¥
Call LASTST

STOP
DETLAY (0.1sec)

WAY = P71
Call MVIKID
DELAY (0.1sec)

\
L - L-1

- }\

<~ 1 2 / SRTNZ.2

Call STORE '

Figure 4.8 CSCAN Routin



STORE Routine

Exchange

Registers & Flags

/

A =<— PORT 4

B < (1002)
RRC B

A ,OR. B
10C2 = A

\

LOC1 = LOC1-1 -

Exchange R & F

y

A < (10C2)
RRC A

STAM <= A
STAM < STAM+1
LOG] < @8
LOC2 <« @@

Return

Exchange R & T

I

Return

IASTST Routine

A < (1T0C2)

)

[y~

RRC A

T0C2 =« A

Figure 4.9 STORE & LASTST

Routines
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SRTNZ1 Routine

DELAY (1 sec)

b

WAY < XLNGTH

‘C all MVINXR

WAY £15H

PATH <« XPATH

Call XRACC

A

SRTNZ2

SRTNZ2 Routine

DELAY (1 sec)

v
WAY <« YLNGTH

WAY <158 L4 > Call MVINYU

N
PATH — YPATH

Call YUACC

l -
W -

STOP
DELAY (1 sec)

!

DRILL ROUTINE

Pigure 4.10 SRINZ1 & SRINZ2 Routines
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I. Line Detection Program

1 s
— . >
e
/" 1
LI ’e @ /"
\ Vi
| Detector AP
/

IT., Frame-length Measurement Program

. /

Y
y

Return-path
is the same
line

III., Scanning Program (meander pattern)

r—.—‘—""“'-< - —

X > 3
/ < =< §
/I r > = y
/¥

Pigure 4.11 Detector Movements in eaoh program
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IV. DRILLING Program

Thi; program retrieves the hole-position information
from the memory and performs the drilling process according
to these data using an optimum-path algoritm,which operates
as follows:

1). Routine first cleaﬁs certain areas of RAM which
will be used during the program,and does soﬁe initielization
by loading data to appropriate registers.Since the scanning
of the card is done first from right té left,then from left
to right,the drilling program also,operates in a different
fashion when lines are odd-numbered or even.The data of én
odd-numbered line are processed as described.

a. One byte of information is taken from memory
snd bit by bit a '1'.is looked for.At every test,incremented -
¥-length value is decremented(which is in fact the node num-
ber on this line).Zeros do not cause brenching,but when a
'Y is encountered;its location on that line is written in
to the memory starting f?om FRSTIX (873¢H).By not considering
zeroes in a byte,routine only records_the locations of '1's
- till the line ends.

For example,if the x-length of the card is
100,this means there are 100 grids,buf 101 nodes.There is
the possibility of having 101 hole-positions on this line,
This\ﬁﬁmber is decremented every time a bit in a byte is tes-
ted.For instance,when a '71' is found in a byte and the regis-
ter contains 69.This '1' is seid o be at node €9, beginning
being the 101st node whose position is at the rightmost side.

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



memory location of the last stored hole—positién is put in-
to LASTIX,and the address of next byte to be tested in the
second line is saved in SAVEHL. |

c. Then a test is done whetherlthere exists a
hole or not oﬁ this specific line.If there is not a hole,one
grid length is moved down in the y—direction_and the routine
Junmps to FTR,tévtrace 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 cbm—
pared‘with the OLDX (which is the o0ld 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 ét the right of the old motor position.
If they happen td be at the same location,drilling is made,

- (in fact simulated by turning on a LED for a few seconds).
If the hole is at the riéht side or at the left side of the
motor,the distance to be travelled is celculated and moved
to the hole location with or without acceleration devending
on the distance betwéen the hole position and OLDX.

ii. If there is not only one hole on this specific
line,a test is made whether the first hole is at the right
of the old position of the motor.If it is not,meaning that
1t is at its left,motor moves left to this first hole-posi-
tion and performs the drllllng from this point onwards from
right~to 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 dlstance between last hole and OLDX.If first
hole is nearer,motor moves towards right on to the flrst hole

aﬁd starts drilling from here (from right to left).If the
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last hole-position is nearer,motor moves towards left onto
the last hole to perform the drilling from here (ffom left
to Tight).

After the hole—p051tlons are processed as explalned
and drilling is completea on this line,stage moves one grid
in y—dmrectlon,and routine Jjumps to the second line trace
section of the program.All of ﬁhe above mentioned procedures
are true only for odd numbered lines due to the fzct that
scanning and detection of hole positions are done in the
. same format and direction.

2). PIRACE routine searches the memory as in the
STR reutine,but it is for even numbered lines and hole 1oca—
tions are calculated differently.

a. When a '1' is found in a bit test, decremented
value of XINC is subtracted from XI2 which is two-incremented
x-length in order to make the'grld node numberlng‘system
similar to the odd-lines.Because in the even-numbered line
case,the.first data are at the ieft side of the card whereas
in the odd-lines,first data are at the rightmost side of the
card. ‘

b. After necessary store procedures are compieted
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,aﬁd

control is passed to STRACE to trace the next line.

~—

i, If there is only one hole,its location is
compared Qith OLDX which determines whether hole is at the
left or at the right of OLDX. And according to the direction
decided by the comparisen,motor is moved and the drilling is

performed.
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ii, Ii there are more than one hole,a test is
made whether the first hole is on the left of OLDX.If not,
motor moves towards 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,z comparison is made
between the distanqe of first hole location and OLDX,with
the distance of the last hole location and OLDX.

If the first hole is nearer,motor moves towards
left to drill the first one and continue with others from
left to right.If the 1aét hole is neesrer,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 whether the cerd is finished or not.If not,progrém
jumps to the other line in order to continue the drilling.

If the card is finished,detector (now being the‘drill),v
returns to zero-position and enters in a HALT state waiting
for the command to drill the other card.

As it can be seen from the above explained drilling
scheme,program utilizes an optimum-path algorithm which re-
duces the scanning time considerably during drilling.

The schématié explanation of how drilling isperformed

and the flowcharts are given in the following figures.
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- Drilling of holes on odd-numbered lines

AT - ---Last line drilled |
‘;__;_} Ze - —--Next line to be drilled(odd-no)

a). If there is only one hole to

A% be drilled,drill moves directly
l towards it according to its lo-
l : cation(right or left).If it is

Just on it,it drills and moves
to the other line. '

(%D b). It searches right side,if no
' ' \l hole,it moves directly tothe
X S nearest hole ‘and continues.
AN < ¢). If there is a hole on the right,
b B VAN .
| e distances A and B are compared.
. o— YT, ’ . . : . .
—x ~ Y If A is smaller,it goes to right
first,then continues to left.
&
B A —— . )
. d). If B is smaller,it goes to left
=y — A first,then drills towards right.
*XIJ . o e). If all of the holes are on the

©0—0- Po— right,it goes to the nearest one
and drills towards right.

. : f£f). If it happens to be on a hole,

—_———a o igl and no holes on its left(or righ
it drills this one,and continues
e—¢ drilling towards right'(left)

o
§
>r

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

left side due to the scanning format.



Drilling Program

¢

B = 9¢H
HL < 872DH

R
-

(D) < g9
BT, -=— HI41

C <« (XINC)
(OLDX) < A
D «— (YLNGTH)

HL <« STRAM:

IX €« TRSTIX

<
<

A

(IX) = C
TX - IX4+1

IX < IX-1
(LASTIX) < IX
HI, < HI+1

IX € FRSTIX
(SAVEHL) < HL

&
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Call
MOVINY
(SRIGHT) (1
FTR
N
A <« (FRSTIX)
E <« (0IDX)

B <« (FRSTIX)
E <« (LASTIX)
A < (OLDX)

SRIGHT (ﬁ:}>- E < (OIDX)
—_— A <« (FRSTIX)

K e A-L

A N N
HLMOVE §é:%e»- | i <~»E§z§§§x)

(VAY) < A-E

B



SRMOVE ( 3 J>—

®

H < A+DSTP

(PATH) w— (WAY)-H.

71

SRZERO @

.
(PATH) £ F—-Y . call
N MVINXL
Call XTACC }
Y
5 \LQ (SRZERO)
(WAY) < X
H <« A+DSTP
(PATH) < (WAY)-H
call
MVINXR
call XRACC
: |
. V.
Call DRILL
TX < FRSTIX
(FTRAC)

- - SERTL

L

ad

- (WAY) < A-E

" (PATH) < (WAY)-H

E <« (IX+1)
A < (IX+8)
(SAVEIX) <— IX

H <« A+DSTP

,
TN
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(PATH) £ ¢ Call
' " MVINXL
N
Call XTLACC +
Call DRILL
IX = (SAVEIX)
TX - T¥+1

@ FTRAC

_SFRTL

™,

Y

U

SLEFT (5

IX < (LASTIX)

E < (IX) ‘
A <~ (0IDY)

K - A-T

3

xkig >Y———-> & ) SLZERO

K> ¢ ( 7) STHOVE

r1M (6

©

/

E <« (OLDX)
A < (IX)
(WAY) = A-E
H < A+DSTP

(PATH) & (WAY)—H
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- - Call

MVINXR

SLMOVE@ -

Y

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

>(8) (SLZERO)k

SLZERO @ >

SFLTR |

: : y
(PATH@———}— Call
I n MVINXL
Call XTACG l
Y |
r
Call DRILL
A
TX <« (LASTIX)
(FTRAC)

E <« (IX+P)

A e (IX-1)
(SAVEIX) < IX
(WAY) « A-E .

H <« A+DSTP
(PATH) - (WAY)-H




&

®
(PATH) é Call ‘
MVINKR ‘
| Call XRACC l
l__ .
W
Call DRILL

/

IX < (BAVEIX)
IX <« IX-1

to SFLTR

‘<

FTRAC<Z§:}

(OLDX) = (IX)
Call HOVINY

PTR

D «— D=1

C <« (XINC)
HL <— (SAVEHL)
TX <« FRSTIX

i

FTRACE

1]

><E§> RETURN



RETURN @ >

S
E <« (0IDX)

A < (XINC)
(WAY) = A-E

> SRTNZ2

Call MVINXR

DRILL -

Exchange
Registers & Flags

v

PORTP < £

Activate Drill
Simulator
(PORT™M - 8¢H)

DELAY (0.5 sec.)

PORT1 = @@

\

Exchange
Registers & Flags
Return

Figure 4.11 Flowchart of Drilling Program o
(For odd-lines) -
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The Flowchart of scanning and drilling the even-num
bered lines,is about the same as given in Figure 4,11 with
the differences as explained withinAthe related parts of the
drilling prbgram_section,and céﬁ be examined from the assembly
language listing of the total program given in the appendix,

from line number @511,
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DISCUSSION & CONQLUSIONS

The- stepper motors used in the system were high
output torque,not fast steppers which were supplied before‘
no calculation or work has been done,and they were not the
best ones for this specific applicatidn where speed is a
very important factor.Although,they are foroed\to'be driven
with a speed of 835 steps/sec,there are stepper motors that
can operate with 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 mechénical stage scanner
waé so precise that’éither X or y direction stages had almost
frictionless linear motion.whis_advantage‘of the assembly
gave the chance of increésing the speed of the motors to
théir possible maximum stepping rate by losing some portion
of the torgue output.At maximum speed,which is 835 steps/séc
stage moves with 1.325 cm/sec velocity'(47.72 n/hr).At slow
constant speed which is glso the startigg speed, 246 steﬁ/sec,
stage moves with 0.39 cm/sec velocity (14.05 m/hr).

In the beginning of the project,it was thought that ;
the backlash of such a mechanical scamner could be the most
probable danger for the.precisibn of the whole system.But
there vere no backlaéh 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-
‘maék preperation seems to be tedious,itvis:in fact straight |

forwvard and there are sone advantages coming from the scenning
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scheme due to this mask preperation.One of them is that,
scanning is done only once,in order %o determine the location
of =a holeéposition 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 considerahle amoﬁnt
of time reduction in the whole process by using the 0ptimi—
zation algorithm. |

After seme mechanical modifications,system can be
used as a real drilling mechine utilizing its mentioned
characteristics.Detector,lamp,glass plate combination can
be designed to be replacable with the drill set,in order to

perform the drilling process.
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gope

gegL

peg2
po@3
poga
@85
- ppge
gogT
pges
@ep9
foa)
g@11
g@12
gg13
pP14
gg15
@16
pPLT
gg18
gp19
p@2¢
gg2l
gp22

gP23 -
gg24

925
Bp26
gp27
pges

XLNGTH
XPATH

YLNGTH
YPATH.

XSTEP1

XSTEP4
YSTEP1

YSTEP4 .

XINC

XI2

10C1
1002
STAM
SAVEHL
SAVEIX
LASTIX
0LDX
FRSTIX
PATH
WAY
STRAM
A+DSTP
ACOUNT
DCOUNT
COUNT
BYTE
STEP
GRID
MAXSPD

.

L 2]

..

APPENDIX A,

EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

“EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU
EQU
EQU
EQU

SEQU

8TFgH
87F1H
8TF2H
87F3H
@TAgH
@TA3H
@TBgH
@TE3H
87F4H
87E8H
87FSH
8TF6H
STFAH
87EEH
87FCH
87F8H
87ECH
873¢H
87FTH
87EBH
8¢@ggH
15H

@BH

@AH

g4H

@8H

g1H

S5¢H

128
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;Memery locafibnbfor X-length

;Memory location for X-path

;Memory location for Y-length
;Meﬁory_location for Y-path
sLocation of first X-motor constant

;LocationAof last X-motor constant

sLocation of first Y-motor constant

sLocation of last Y;motqr constant
;Location of incremented x-length .
; " of twice "  x-length
;Loéation of byte count

sLocation of incomplete store byte

;Starting address location of memory

~;Location to save HL registers

;Location to save IX register

H " to store last IX cdntent

; " to store old position of moto:
; " +to store fipst IX content
;Location to store distance path

;Location to store length way
;Starting address of RAM

sSum of écceleration+dec. steps
;Acceleration steps
;Decelération steps

;Mo?or pulse sequence steps

;Bit count in a byte

;One step length

;One grid length,80D steps

;Maximum speed constant



gg29
po3¢
pg31
pg32
gp33
gg34
gp35
@36
ge37
gg38
9939
g4
pg41
pp42
@43

gp44

@@as
- gp4a6

po4T

pp48
$g49
pgs@
p@51

gg52

g@53

pg54 -

@@55
p@56
@57

- NGY

ourT

IN1

STOP

81

ID IX,87F5H

ID (IX+¢p),@8sH
ID (IX+41),0¢H
ID HL,8ppgH

ID (STAM),HL

: 1D HL,YSTEP4 s Frame Detection Program

1D B,COUNT

: ID A, (HL) ;Move in 4-step sequence

OUT (PORTP),A ;and input data
CALL DLY

DEC HL

DJINZ OUT

JP NC,IN1
DEC C

JP 2,STOP

IN A, (PORTL)
BIT ¢,A

JP NZ,NGY’

" CCF

JP NGY

: IN A, (PORT1)

BIT @,A
JP Z,NGY F;If input is zero continue
1D C,11H ;o move,if'not move 68 more
SCF | isteps to determine the depth
JP NGY

: XOR A

ouT (PORTE),A

1D B,FFH



- ¢958
@59
gped
gpel
gg62
P63
pp6s
P@65
@g66
PP6T
#p68
#p69
I
ggTL
g@12
g@13
@74
ge75
gg16
8677
gp18
gpT79
psg
Pp81-—_
g@s2
gp8s
ggsa
gp8s
¢986

DEL1

PsY

0ouT3

DEL2

NGX

our2

-

CALL DLY
DJNZ DELL

1D C,29H

1D HL,YSTEP1
1D B,COUNT
1D A, (HL)

OUT (PORTH),A
CALL DLY

INC HL

DJINZ OUT3

DEC C

JP NZ,PSY
XOR A

oUT (PORP),A
1D B,FFH

¢ CALL DLY

DJNZ DEL2

: 1D HL,XSTEP1

1D B,COUNT

: 1D A, (HL)

oUT  (PORT@), A
CALL DLY

INC HL

DJNZ OUT2

IN A, (PORT1)
BIT ¢,A

JP Z,NGX

XOR A

OUT (PORTE),A

82

;love out from the upper frame

;oearch for the right side

;frame line



o987

dges

- ¢@89
~ $g90
N
pp92
$993
@94

@p95

pp96
@goT
p@98
#@99
g1ed
#1901
@1g2
g1g3
g1g4
g1g5
g196
P17
g1g8
#1¢9
g11g
@111
@112
#$113
#114
115

DEL3

- PSX

ouT4

DEL4

FRIGTH
FPSX

1D B, FFH

: 'CALL DLY
DJNZ DEL3

1D C,2¢H

: ID HL,XSTEP4

ID B,COUNT

ID A, (HL)

OUT (PORT¥),A
CALL DIY
DEC HL

DINZ OUT4

DEC C

JP Nz,PSX
XOR A

OUT (PORTE),A
ID B,FF

CALL DLY
DINZ DEL4

: ID L,¢¢
: ID A,STEP

ID (WAY),A
CALL MVINXL
INC L

IN A, (PORT1)
BIT @,A

JP Z,FPSX

XOR A

oUT (PORTP),A -

1D B,FFH
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;Move out from the right side

;frame

;otop on the zero position

;location

;Prame length program

1
;HMeasure x-length




@116
g117
g118

- g119
g12g
@121
$122
g123
g124
g125
$126
@127
g128
g129
@139
$131
@132
@133
#1354
$135
¢136.
@137
g138
$139 ~
g149
@141
g142
9143
@144

DEL5  : CALL DLY

DIX
DEL6

FPSY

DJNZ DELS
DEC L

DEC L

ID DE,XINGTH
1D A,L

ID (DE),A

ING L

INC L

ID A,L

SUB A+DSTP

ID (XPATH),A
ID (PATH),A
1D A,L

ID (WAY),A
CALL Z,MVINXR
JP Z7,DIX

CALL C,MVINXR

JP C,DIX

. CALL XRACC

ID B,FFH
CALL DLY
DJNZ DEL6
iD 1,99

ID A,STEP
1D (WAY),A
CALL MVINYD
INC L

IN A, (PORT1)

;lieasure y-length

84



@145
$146
@147
$148
$149
g15¢
@151
$152
$153
$154
$155
$156
$157
g158
$159
@16g
@161
$162
$163
@164
$165
$166
@167
p168 .
$169

P19

g171
@172
¢l73

DELT

DLYY

 BIT @,A

.
.

DELS8 :

JP Z,FPSY
XOR A

0UT (PORTG),A

ID B,FFH
CALL DLY
DJINZ DELT
DEC L

DEC L

1D DE,YINGTH
ID A,L

LD (DE),A
INC L

ING L

ID A,L

SUB A+DSTP
LD (YPATH),A
ID (PATH),A
ID A,L

ID (WAY),A

CALL 2,MVINYU
JP"7,DLYY
CALL C,MVINYU
JP C,DLYY
CALL YUACC

: 1D B,FFH

CALL DLY
DJNZ DEL8
ID A, (XPATH)



@174
@175
@g176
@177
@178
g179

g1sg
¢181_

g182
@183
@184
@185
$186
@187
@188
7189
#199
@191
$192

¢193
@194

$195
g196
@197
¢198
%199
g2
p2p1

gege

SCANPR :

SXPA

SXPAH
SXPAR

SXPAM

e
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DEC A

DEC A

ID (XPATH),A
ID A,(YPATH)
DEC A

DEC A

ID (YPATH),A
ID A, (XINGTH)
ING A

ID (XINC),A
INC A

ID (X12),A

ID A, (XINGTH) ,Scanning Program

SUB A+DSTP ;Test for constant speed scanning
JP Z,CSCAN ;or by acceleration
JP C,CSCAN

ID A, (YINGTH)
ID L,A

‘CALL STORE

iret line

]
=

ID IY,ACONS ;Stert scanning the
1D C,ACOUNT ;by acceleration

ID H,@p -'

1D IX,XSTEP4

ID B,COUNT |
ID A, (IX+98) g |
OUT (PORTE),A ‘
1D E, (IY+¢@)
CALL VDLY

INC H



p2¢3
gagsa
g2gs
g2¢6
p2¢7
@298
@209 .
pa1p
$211
@212
@213
$214
$215
$216
@217
¢218
- g219
g22¢
@221
$222
@223
g224
@225
g226
@227
g228
$229
@23
- ¢go31

SXAPH
SXAPS

SXAPM

(1]

ID A,GRID
CP H

JR Z+9

DEC IX
DINZ SXPAM
JP SXPAR
INC IY

-CALL STORE

DEC C-

'JP NZ,SXPAH

PUSH HL

ID HL,XPATH
1D ¢, (HIL)
POP HL

: ID H,p00

ID IX,XSTEP4
ID B,COUNT
ID A, (IX+@@)
ouUT (PORTE),A
ID E,MAXSPD
CALL VDLY
INC H

ID A,GRID
CP H

JR Z,+49
DEC IX

DINZ SXAPH
JP SXAPS ™ *
CALL STORE

jScanning with maximum speed



$232
@233
@234
@235
g236
#237
g238
@239
 g24¢
g241
g242
@243
g244
$245
@246
@247
G248
$249
g25¢
@251
$252
@253
@254
g255
p256
g257
@258
@259
g268

SXPD

SXPDH
SXPDR

SXPDM

DEC C

JP NZ,SXAPH
: ID 1Y,DCONS

LD C,DCOUNT

: ID H,p¢
: 1D IX,XSTEP4

1D B,COUNT

: ID A, (IX+¢@)

OUT (PORTH),A
1D E, (I1Y+¢@)
CALL VDLY

INC H

ID A,GRID

CP H

JR 7,49

- DEC IX

DINZ SXPDM
JP SXPDR
INC IY
CALL STORE
DEC C

JP NZ,SXPDH
EXX

EX AF,AT
ID HI,I0C1
ID ¢, (HL)
ID A,BYTE
AND C

JP NZ,SX1

_;Start to deceleratve

88



@261
$261
@262
3263
p264
p265
0266
@267
$268
@269
g279¢
g271
g272
$273
@274
@275
@276
@277

p218

$279
p28g
@281
@282
@283
g284
$285
@286
g287
p288

SX1

SPl

SDEL1

SDEIL2

SXNA

SXNAH
SXNAR

- SXNAM

L X]

L1

o

o
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CALL LASTST
JP SP1

EX AF,AF!

EXX

"XOR A - ;Btop at the end of the line

OUT (PORTE),A
LD B,1FH
CALL DLY
DJNZ SDEIl

ID A,STEP

ID (WAY),A
CALL MVINYD ;Move one grid down
1D B,1FH
CALL DLY
DJINZ SDEﬁZ
DEC L

+3

;Test whether the card is

JP Z,SRTNZ1 ;finished,if yes,return to

)

CALL STORE ;zero position

ID IY,ACONS ;if not,scan the next line
1D C,ACOUNT

1D H,@¢

ID IX,XSTEP1
ID B,COUNT

ID A, (IX+4¢)
OUT (PORTH),A
ID E, (I1Y+@¢)
CALL VDLY

INC H

1D A,GRID



p289
g29¢
- g291
$292

#293

$294
$295
$296
$297
$298
$299
@300
g3¢1
g392

g383

g304
$385
g3¢6
@387
g3¢8

@389

@31¢
g311

g312"

@313

$314

@315
@316
#3117

SXDPH
SXDPS

SXDPM

CP H

JR Z#9

INC IX
DINZ SXNAM
JP SXNAR
INC IY
CALL STORE
DEC C

JP NZ,SXNAH

 PUSH HL

LD HL,XPATH
ID C, (HL)

. POP HL
: ID H,0¢
: ID IX,XSTEP1

LD B,COUNT

: ID A, (IX+¢¢g)

OUT (PORTP),A
ID E,MAXSFD
CALL VDLY

INC H

ID A,GRID

CP H

~ JR 749

INC IX
DINZ SXDPM
JP SXDPS
CALL STORE
DEC C

20



@318
@319
g32¢
@321
@322
@323
@324
@325
@326
@327
@328
@329
@33¢
$331
g332
@333
#334
$335
@336
$337
$338
@339
@340
g341
$342
@343 -
#344
$345
$346

JP NZ,SXDPH
SXND  : ID IY,DCONS

ID C,DCOUNT
SXNDH : ID H,dg
SXNDR : ID IX,XSTEP1

ID B,COUNT
SXNDM : ID A, (IX+§¢)

OUT (PORT®),A
ID E, (IY+¢@)
CALL VDLY
INC H

ID A,GRID -
CP H

JR Z,+9

ING IX
DINZ SXNDM
JP SXNDR
INC IY

CALL STORE
DEC C

JP NZ,SXNDM
EXX

EX AF,AF!
ID HL,10C1
1D ¢, (HL)
1D A,BYTE
AND C

JP Nz,sX2
CALL LASTST

91



@347
@348
$349
@350

SX2

SP2

#351

@352
@353
#354

SDEL3

@355

$356
$3517
$358
$359
@369
361
@361
#362
- #363
@364
@365
$366
$367
@368
369
#3790

SDELR

CSCAN

JP SP2
EX AF,AF’
EXX

¢ XOR A

OUT (PORTY),A
ID B,1FH

¢ CALL DLY

DINZ SDEL3
ID A,STEP
ID (WAY),A
CALL MVINYD
CALL STORE
ID B,1FH

¢ CALL DLY

 CSTART :

-~ LCONT

#371

@372
@373
@374

DJINZ SDEIR
DEC L

JP Z,SRTNZ2
JP SXPA

92

ID A,(YLNGTH) ;Constant Speed Scanning Program |

ID L,A -
CALL STORE
ID A, (XLNGTH)
iﬁ C,A

: ID A,STEP

ID (WAY),A
CALL MVINXL
CALL STORE
DEC C

JP NZ,LCONT



@375
8376
@377
#3178
$379
g38¢
@381

@382

$383
g384
$385
@386
g387
@388
$389
$39¢
$391
$392
$393
$394
#395
$396

$397
¢398

#399

g4gp

@491
g4g2
g4p3

CX1

CPl1

CDEL1

SDEL3

RCONT

EXX
EX AF,AF"

ID HL,IOC1
ID C,(HIL)

ID A,BYTE
AND ¢

JP NZ,CX1
CALL LASTST
JP CP1 |

: EX AF,AP!

.
.

EXX
XOR A

OUT (PORTE),A
1D B,1FH

CALL DLY
DJINZ CDELL

ID A,STEP

ID (WAY),A
CALL MVINYD
1D B,1FH

: CALL: DLY

DJNZ SDEL3
DEC L

JP Z,SRTNZ1
CALL STORE
ID A, (XINGTH)

1D C,A

: 1D A,STEP

1D (WAY),A

93



gaga

g4gs5

page
B4@T

gags

- §4g9
g41g
p411
@412
P413
p414
@415
P4a16
P4L7
418
$419
ga2p
@421
g422
g423
ga24
@425
@426

g4a27 "

$428

p429

P43p
p431
$432

CX2

CP2

SDEIR

STORE

CALL MVINXR
CALL STORE
DEC C

JP NZ,RCONT
EXX

EX AF,AF!
ID HL,10C1
ID C,(HL)
ID A,BYTE
AND C

JP N3,CX2
CALL IASTST
JP CP2

¢ EX AF,AF!

EXX

¢ XOR A

oUT (PORT@),A
ID B,1FH

: CALL DIY,

DJNZ SDELR
ID A,STEP

ID (WAY),A
CALL MVINYD

"DEC 'L .

JP 2,SRTINZ2
CALL STORE
JP CSTART

: EXX

EX AF,AF!

;Store Frogram




$433
@434
p435
$436
@437
$438
$439
ga4g
p441
ga41
pa42
@443
gaaa
p445
p446
@447
g448
$449
g45¢
g451
g452
@453
B454
$455 ~
p456
@457 -
$458
$459
p460

LASTST :

ROT

STM

IN A, (PORT1)
ID HL,I10C2
ID B, (HL)

- RRC B

OR B

- ID HIL,10Cl

ID ¢, (HL)
ID (10C2),4
DEC C

LD (HL),C
JP 7,STH
EX AF,AF'
EXX

RET

ID A,(10C1)
ID B,A

ID A, (10C2)

: RRp A
DINZ ROT

D (10C2),A

: ID A, (L0OC2)

RRC A

ID HL, (STAM)
ID (HL),A
INC HL

ID (STAM),HL
1D A,BYTE

ID (1L0Cl),A
1D A,98

;Last store

;Store to memory

95



@461
p462
$463
- pa6a
@465
p466
pa67
g468
¢469
paTg
g471
g472
g4a73
@474
g475
g476
g4T7
#4178
$479
¢48¢_
p481
P482
p483
@484
p485
p486
past
p488
$489

SRTNZ1
SDEIX

SRTN Z2
SDEL4

.
*

.0
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1D (10C2),A

EX AF,AF!

EXX

RET

LD B,FFH Y;Return to zero position from
CALL DLY ;an odd ?umbéred line
DJINZ SDELX |

ID A, (XINGTH)

ID (WAY),A

SUB A+DSTP

CALL® Z,MVINXR

JP Z,SRINZ2

CALL C,MVINXR

JP C,SRTNZ2

ID A,(XPATﬁ)

ID (PATH),A

- CALL XRACC

Ib B,FFH ;Return to zero-position froﬁ
CALL DLY ;an even-line

DJNZ SDEL4

ID A, (YLNGTH)
ID (WAY),A
SUB A+DSTP
CALL 2,MVINYU
JP Z,END

CALL C,MVINYU

JP C,END

ID A, (YPATH)
ID (PATH),A



g49¢
@491
p492
$493

$494

$#495
$496
$497
- @498
$499
@509
p5¢1

- SDELS

ZER@

g5g2
503

@584
@505
@596
g5¢7

g5¢8

@589

¢518

@511
g512
$513

$514

$515
@516
¢517

@518

CALL YUACC

: XOR A

OUT (PORT@),A

ID B,FFH

¢ CALL DLY

FTRACE :

- F TR¢

FTR1

DJNZ SDEL5
ID B,9¢H
LD HL,872DH
INC HI

ID (HL),#s

DINZ ZER

ID A,(XINC)
ID C,A

ID (OLDX),A
SRL A

1D (HALFX),A
1D A, (YLNGTH)
ID D;A

LD HL,STRAM
ID IX,FRSTIX
JP STR

BIT @, (HL)
JP N2, FIDP

: DEC C

JP Z,NXTLIN
BIT 1, (HL)
JP NZ,FID1
DEC C

JP Z,NXTLIN

;DRILLING Program
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;Routine to trace an even-line



9519
@520
@521
g522
- @523

- @524

@525

$526
g527
$528
$529
@539
@531
@532

@533

@534

#5335

3536

@537
#538

@539
@549
@541

@542 -

$543
#544
@545
$546
g547

FTR2

FIR3

FTR4

FTRS

FTR6

FTRT

FLDg

BIT 2, (HL)
JP NZ,FLD2

: DEC C

JP 2,NXTLIN
BIT 3, (HL)
JP NZ,FID3

: DEC C

JP Z,NXTLIN
BIT 4,(HL)
JP NZ,FID4

: DEC C

JP Z,NXTLIN
BIT 5, (HL)

~ JP NZ,FID5
: DEC ¢

JP Z,NXTLIN
BIT 6, (HL)
JP NZ,FLD6

: DEC C.

JP Z,NXTLIN
BIT 7, (HL)
JP NZ,FLDT

: DEC C

JP Z,NXTLIN
INC HL

JP FTRACE
: ID A, (XL2)

SUB C ‘
ID (IX+¢),A

98



g548
$549

g56g

g561
#562
$563
@564
#565
#566
@567
#568
#569
#579

@571

@572
@573
@574
@575

¢576_
@577

#518
@579
g58g
@581

#582

g583
¢584
$585
$586

FILD1

FILD2

FID3

FLD4

FLD5

FID6

- INC IX

JP PTRG

: ID A, (XL2)

SUB C

ID (IX+8),A
INC IX

JP FTR1

: ID A, (XI2)

SUB C
ID (IX+@),A
INC IX
JP FTR2

: ID A, (XL2)
SUB C
ID (IX+@),A -

INC IX
JP FTR3

: ID A, (XL2)

SUB C
ID (IX+¢),A

“INC IX

JP FTR4

: LD A,(xLz)

SUB C

ID (IX+@),A
INC IX

JP FTR5

: ID A, (XL2)

SUB C

29



#587
g588
#589
#590
#591
$592
$593
$594
9595
#596
$597
#598
#599
pedg
g6g1
g6@2
g6@3
peg4
ge@s
p696
#6917
gegs
#6989

g61g

#611
@612
- P613
$614
$615

- FID7

NXTLIN

o
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ID (IX+@),A -

INC IX

JP FTR6

ID A, (XL2)
SUB C

ID (IX+¢),A
INC IX

JP FTRT

¢+ DEC IX

ID (IASTIX),IX
INC HL
ID (SAVEHL),HL

Ip IX,FRSTIX ;Test whether there is a hole

CID A,(IX+@)  ;on this line

ID E, (IX+1)

"OR E

CALL Z,MOVINY
JP Z,STRACE

ID A, (IX+1) ;Test whether there is only
ID E, (IX+2) ;one hole
OR E

JP %,FLEFT

ID A, (OLDX)

ID E,A

ID IX,(LASTIX)
ID A, (IX+@)
SUB E

JP Z,RZERO

JP C,LRM_



@616
$617
@618
@619
g62¢
g621
@622
@623
$624
g625
#626
@627
@628
629
d630
$631
#632
$633

@634

$635
$636
637
p638

$639

g64g
$641
g642
g643
@644

FRIGHT :

1D B,A

ID A, (FRSTIX)
1D E,A

1D A, (OLDX)
SUB E |
JP Z,LZERO
JP C,RM

SUB B

JP NC,FRIGHT
JP FLEFT

ID A, (OLDX)

ID E,A

ID IX,(TASTIX)

- ID A, (IX+¢)

SUB E

JP 2,RZERO
JP NC,RMOVE
ID A,(iX+¢)_

ID E,A

ID A, (OLDX)

.SUB E

ID (WAY),A

ID H,A+DSTP
SUB H

CALL Z,MVINXL
JP 2,RZERO
CALL C,MVINXL
JC C,RZERO

ID (PATH),A

;Routine to move right

101



102 .

@645 CALL XIACC.

@646 JP RZERO
@#647  FLEFT : ID A,(FRSTIX) ;Routine to move left
$648 - . 1D E,A ”
$649 ID A, (OLDX)
@65 SUB E

@651 | JP LZERO
#652 JP NC,IMOVE
@653  RM : ID A, (OLDX)
$654 1D E,A

$655 1D A, (FRSTIX)
#656 .~ SUB E

@657 | ID (WAY),A
$658 1 H,A+DSTP
$659 SUB H

pe6d CALL Z,MVINXR
$661 - JP 2,LZERO
g662 CALL C,MVINXR
$663 - JP C,LZERO
g664 ID (PATH),A
#665 - CALL XRACC
@666 ~JP LZERO

@667  RMOVE : LD (WAY),A
$668 - RATEST : LD H,A+DSTP

p669 SUB H

gerg CALL Z,MVINXR
g6TL JP 7,RZERO
g672 CALL C,NMVINXR -

$673 - JP C,RZERO



g674 -

@675
#6176
g6 77

g678

@679
p68g@
g681
g682
#683
$684
$685
$686
#687
g688
p689
$69¢
g691

$692

$693
0694

p695 -

@696

@697 °

g698
#699
g18%
g7g1
g1ge

RZERO

FRRTL :

DL H

ID (PATH),A
CALL XRACC

: NOP

CALL DRILL
ID IX,(LASTIX)
Lb A, (IX-1)

OR A

JP 7,STRAC

ID ﬁ,(lx-l)-
ID A, (IX+@)

ID (SAVEIX),IX

SUB E

ID (WAY),A
1D H,A+DSTP
SUBH

CALL 2,MVINXL

JP 2,DL

CALL C,MVINXL
JP C,DL

ID (PATH),A
CALL XLACC
NOP

CALL DRILL

ID IX,(SAVEIX)

DEC IX

iD A, (IX-1)
OR A |
JP Z,STRAC
JP FRRTL

10%

;Routine to move from right

;to left on an evenline



104

¢7¢3 IMOVE : ID (WAY),A
gT84 IATEST : ID H,A+DSTP

g195 ID A, (WAY)
g796 SUB H )
#7187 . CALL 2,MVINKL
g1¢8 JP %,LZERO
g799 CALL C,MVINXL
g71¢ JP C,LZERO
@711 - ID (PATH),A
g2 CALL XIACC

@713 LZERO : NOP

g714 ~ CALL DRILL

@715 ID IX,FRSTIX

@716 - ID A, (IX+1)

@717 OR A

g718 JP Z,STRAC

@719 FRLTR : ID E, (IX+@) ;sRoutine to move from left
@128 - ID A, (IX+1) ;to right on an evenline
g121 ID (SAVEIX),IX

gr22 SUB E

@723 ~ ID (WAY),A

p724 1D H,A+DSTP

g125 . SUB H

@726 : CALL Z,MVINXR

#7217  JP 2,DR |

P28 CALL C,MVINXR

#7129 | JP C,DR |

g73¢ ID (PATH),A

$731 - - CALL XRACC



@732

@133

@134

g735

g736
g137
g138
@739
gr49
gr41
@742
p743
g744
@745
@146
@747
@748
g749

¢75¢.

@751

@752

@153

@154

$755
g156
B757
@758
$759
#1608

" DR

"DRILL

DR2 |

STRAC

STRACE

105

: NOP

CALL DRILL

ID IX,(SAVEIX)
ING IX )
ID A, (IX+1)

OR A

JP Z,STRAC

JP FRLTR

s EXX ;Drill simulating routine

EX AF,AF!

" XOR A

OUT (PORT@),A
1D A,8¢H
OUT (PORT1),A

. ID B,TFH

¢ CALL DIY

DJNZ DR2

XOR A

OUT (PORT1),A
EX AF,AF!

EXX

RET

: ID A, (IX+§)

1D (OLDX),A

" CALL MOVINY

: DEC D

JP Z,RETURN
1D B,9¢H
1D HIL,872DH



106

@761  SZERO : INC HL

#762  ID (HL),@d
g763 - DJNZ SZERO
#764 ID A,(XINC)
g765 D C,A
gr66 _Ip HE, (SAVEHL)
@767 ID IX,FRSTIX
g768 .  SIR : BIT ¢,HL ;Routine to trace an odd-line
$769 JP Nz,S¢

g77¢  R¢ : DEC C

g7 JP Z,SECLIN
g2 BIT 1, (HL)
¢773 JP NZ,Sl\
g1174 R1 : DEC C

@775 JP 2,SECLIN
@116 BIT 2,(HL)
#T77  JP N3,S2

#7178  R2 : DEC C

#1179 | JP Z,SECLIN
gr8g BIT 3, (KL)
g781 JP Nz,83

gr82 R3 ~: DEC C

g783 ~ JP Z,SECLIN
g184 ~ BIT 4,(HL)
#7185 | JP NZ,S4

@786 R4 : DEC C

g787 JP Z,SECLIN
g788 BIT 5, (HL)

@189 _— JP NZ,S5



g79¢

@791

@792

@793

@794 -
$795

$796
g797
@798
$799
gegp
gs@1
geg2
gag3
gag4
p8pg5
g8g6

gegT
p8gs

g8p9
@81g
g811
gs12
@813%
ge14
@815

@816

#8117
¢s18

R5

R6

R7

51

S2

53

5S4

S5

: DEC C
' JP 2,SEELIN

BIT 6, (HL)
JP NZ,S6

: DEC C

JP 7,SECLIN

- BIT 7,(HL)

JP NZ,ST

: DEC C

JP %,SECLIN
INC HL
JP STR

: ID (IX+¢),C

INC IX
JP Ry

: ID (IX+¢),C

INCG IX
JP R1

: ID (IX+¢),C
- INC IX

JP R2

: ID (IX+¢),C

INC IX
JP R3

: ID (Ix+¢),cC

INC IX
JP R4

: ID (IX+¢),C

INC IX -

107.



$819
g82g
¢821

gg22 -
@823 -

@824
g825
g826
| ¢827
g828
#829
p83¢
@831
$832
$834
@835
$836
¢837

3838

@839

daag

$841
$842
$843
¢844
$845
$846
@847
gs4s8

S6 :
ST

SECLIN :

JP RS

ID (IX+¢),C

INC IX
JP R6

: ID (IX+@),C
INC IX
JP RT

DEC IX
ID (IASTIX),IX

~INC HL

ID (SAVEHL),HTL
ID IX,FRSTIX
ID A, (IX+§)

ID E,(IX+1)

"OR E
- CALL Z,MOVINY

JP Z,FTR

ID A, (IX+1)
ID &, (IX+2)
OR E

JP 7,SRIGHT
ID A, (OLDX)
ID E,A

ID A, (FRSTIX)

" SUB E

JP Z,SRZERO
JP C,HLMOVE

1D B,A

ID IX,(LASTIX)

108



#849
@85¢

g851
g852

3853
ges4
$855
@856
@857
#858
#859
ge6d
- @861
$862
@863
$864
3865
$866

#867

g868
#869
g87g
geTl
@872
@873
g874
g875
@876
#877

SRIGHT :

HIMOVE :

ID E,(IX+¢)
ID A, (OLDX)
SUB E

JP Z,SLZEROC
JP C,RIM
SUB B

JP C,SLEFT

1D A, (OIDX) sRoutine to move right on
1D E,A ;an odd-line

ID A, (FRSTIX)
SUB E

JP Z,SRZERO
JP NC,SRMOVE
ID A, (FRSTIX)
1D E,A

1D A, (OIDX)

SUB E

ID (WAY),A

ID H,A+DSTP
SUB H
CALL 2, MVINXL
JP %, SRZERO
CALL C,MVINXL
JP G, SRZERO

" ID (PATH),A

SRMOVE :

CALL XLACC
JP SRZERO

ID (WAY),A
ID H,A+DSTP
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@878
@879

@88g

@881
gss2
g883
ges4
$885
$886
@887
¢888
@889
peog
$891
@892
$893
$894
$895
$896
g9
@898
$899
Rl
@og1
gag2
gog3
pog4

pog5.

gog6

SRZERO

SFRTL

SDL

 SUB H

.
-

CALL Z,MVINXR
JP Z,SRZERO
CALL C,MVINXR
JP C,SRZERO

ID (PATH),A
CAIL XRACC
NOP

CALL DRILL

ID IX,FRSTIX

ID A, (IX+1)

OR A
JP 2,FTRAC

: ID E, (IX+1)

ID A, (IX+8)

ID (SAVEIX),IX
SUB E

LD (WAY),A

LD H,A+DSTP
SUB H

CALL %,MVINXL
JP 2,SDL

CALL C,MVINXL
JP C,SDL

" 1D (PATH),A

CALL XILACC

: NOP

CALL DRILL
LD IX,(SAVEIX)
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;Routine to move from right

}to left on an odd-line



g9g7
gogs
$91¢
- g911
@912
$913

$914

$915
$916
@917
p918
$919

g92¢

@921
g922
$923
 $924
$925
@926
99217
$928
$929

9930

$931
$932
$933
@934
@935
$936

SLEFT

~ RIM

SIMOVE

INC IX

ID A, (IX+1)
OR A

JP 2,FTRAC
JP SFRTL

: ID IX,(IASTIX) ;Routine to move left on

ID A, (IX+@) ;an odd-line

" ID E,A

ID A, (OIDX)
SUB E

JP %,SLZERO
JP NC, SLMOVE

: ID A, (OIDX)

1D E,A
ID A, (IX+@)

"SUB B

ID (WAY),A

ID H,A+DSTP
SUB H

CALL Z,MVINXR
JP Z,SLZERO
CALL C,MVINXR
JP C,SLZERO

"ID (PATH),A

CALL XRACC
JP SLZERO

: ID (WAY),A

ID H,A+DSTP
ID A, (WAY)
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$937
$938
#939
p949
- $941
@942
$943
$944
$945
$946
$947
$948
$949
$95¢
g951
$952
$953
$954
$955
$956
#9517
$958
$959
po6g
g6l
#962
$963
$964
$965

SLZERO :

SFLTR

SUB H
CALL 2, MVINXL
JP Z,SLZERO
CALL C,MVINXL
JP C,SLZERO

ID (PATH),A

CALL XIACC
NOP

CALL DRILL

1D IX,(LASTIX)
LD A, (IX-1)
OR A

JP Z,FTRAC

: 1D E, (IX+¢)

1D A, (IX-1)
ID (SAVEIX),IX
SUB E

CID (WAY),A

ID H,A+DSTP
SUB H

' CALL 3Z,MVINXR

JP %,SDR
CALL C,MVINXR
JP C,SDR

" ID (PATH),A

SDR

CALL XRACC

: NOP

CALL DRILL
ID IX,(SAVEIX)

;Routine to move from left

;to right on an odd-line
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@966
$967
$968
$969
p97¢
g971
$972
#973
go74
$975
$976

o717

g978
@979
@98¢
$981
@982
$983
@984
$985
$986
@987
$988
%989
#99¢

@991 .

$992
@993

FTRAC

DEC IX

ID &,(IX-1)
OR A

JP Z,FTRAC
JP SPLIR

: ID A, (IX+@)})

 ID (OIDX),A

PTR :
ZR H
RETURN

CALL MOVINY
DEC D

JP %,RETURN
1D B, 9¢H

ID HL,872DH

INC HL
LD (HL),@d
DJINZ ZR

ID A, (XINC)

ID C,A

1D HL, (SAVEHL)

ID IX,FRSTIX
JP FTRACE
ID A, (0IDX)
ID E,A

ID A, (XINC)
SUB E

~ JP Z,SRTNZ2

ID (WAY),A
CALL MVINXR
JP SRINZ2
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;Return to zero-position after
;drilling of the whole card is

;finished



#994

$995

$996
#9917

@998

$999
1499
16¢1
- 1¢g@2
193
1934
1¢¢5
1¢g6
1897
19¢8
1999
1919

1611
1912

1413
1914
1415
1616
1617
1918
1919
1924
1921
- 1¢g22

MOVINY

DLY
LOOP

VDLY
IND

MVINXL :

RLINE

RNEXT .

ID A,STEP
ID (WAY),A
CALL MVINYD
RET

ID D, 7DH
ID E,@3H
DEC E

JR NZ,-1
DEC D

JP NZ,I00P
RET

LD D,@8H
DEC D

JP NZ,IND
DEC E

JP NZ,VDLY

EX AF,AF!
ID A, (WAY)
ID C,A

ID H,@gd
1D

ID

IX,XSTEP4

B, COUNT

E

CALL DLY

“IKC H

ID A,GRID

A, (IX+09)
oUT (PORI¢),A

114

;Routine to move one grid in

sy-direction downwards.

sConstant delay routine.

sVariable delay routine.

;Routine to move left in
sx-direction with constant

;Speed.
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1423 | CP H

1924 JR 2,49

1925 ~ DEC IX

1¢26 DJINZ RNEXT

1¢27 ~ JP RLINE

1¢28 . DEC C

1629 JP NZ,RH

1439 EXX

1¢31 | EX AF, AT’

1¢32 ~ RET

1¢33 MVINXR : EXX ;Routine to move right in
. 1¢34 | EX AF,AF! ;x-direction with constant

-1¢35 1D A, (WAY) ; speed.

1936 ID C,A |

1037 IH : 1D H,¢g

1¢38  LLINE : ID IX,XSTEP1

1¢39 1D B,COUNT

1g4¢  INEXT : ID A, (IX+¢¢)

1g41 OUT (PORTE),A’

1¢42 CALL DILY

1¢43 INC H

1¢44 o 1D A,GRID

1¢45 | CPH

1¢46 : JR Z,+9 )

1947 © INC IX

1¢48 DJINZ LNEXT

1¢49 ' JP LLINE

1¢5¢ DEC C

1gsy . . . JP NZ,IH



1¢52
1¢53
1954
1955
1956
1657
1958
1659
1g6g
1g61
1¢62
1963
1964
1965
1¢66
1g67
1¢68
. 1¢69
1¢7¢
1671
1g72
1473
1674

1975

1476
@77
1¢78
1679
1g8¢

ACONS
DCONS
YUACC

YRTH

YARTN

BMOVE

TMAXH

L1

o

EXX

EX AF,AF!

RET

EQU @7CPH
: EQU ¢7DgH

EXX |
EX

ID
ID

¢ LD

LD
ID

¢ 1D

INC H

ID A,GRID
CP H

JR Z,+9
DEC IX
DINZ BMOVE
JP YARTN
ING IY
 DEC ©

JP NZ,YRTH
1D HL,PATH
ID ¢, (HL)
ID H,p¢

1Y, ACONS
G, ACOUNT

IX, YSTEP4
B, COUNT

A, (IX+@9)
OUT (PORT@),A
LD E, (I¥+0¢)
CALL VDLY -
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;Acceleration constants
;Deceleration constants
sRoutine to move the detector
sup in y-direction by accelera.

stion.



1¢81
1¢g82
1¢83%
1¢84
1¢85
1986
1¢87
1488
1¢89
1¢9¢
1¢91
1¢92
1¢93
1994
1695
1¢96
1997
1¢98
1499
1199
11¢1
11¢2
T 11¢3
1164
1195
11¢6
1147
11¢8
11¢9

YAMV

YDEC

YDRTH
YDRTN

YDMV

(2]

o

ID IX,YSTEP4
ID B,COUNT
ID A, (IX+¢¢)

OUT (PORT®),A

ID E,MAXSPD
CALL VDLY
INC H

1D A,GRID
CP H

JR Z,+9

DEC IX

DINZ YAMV
JP YMAX

DEC C

JP Nz, YMAXH
ID IY,DCONS
1D C,DCOUNT
ID H,¢¢

1D IX,YSTEP4
ID B,COUNT

ID A, (IX+@@)
OUT (PORT@),A
ID E, (IY+¢g)
CALL VDIY

- INC H

ID A,GRID
CPH -
JR 2,+9

DEC IX.
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1118
1 1111
1112
1113
1114
1115
1116
1117
1118
1119

- DJNZ YDMV
JP YDRTN

INC IY

DEC C

JP NZ,YDRTH.
XOR A

OUT (PORTP),A
EX AF,AF!

EXX

RET
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112¢ -
1121

1122
1123

1124

1125
1126
1127
1128
1129
113¢
1131
1132
1133
1134
1135
1136
1137

1138

1139
1149

1141

1142

MVINYU

ULINE

UNEXT

o

EEBEEBEEEY

AF,AF!

A, (WAY)
C,A

H,@¢
IX,YSTEP4
B, COUNT
A, (IX+@¢)
oUT (PORTP),A
CALL DLY
INC H

ID A,GRID

"CP H

JR Z,+9
DEC IX
DJINZ UNEXT
DEC C

- JP NZ,ULINE

EXX :
EX AF,AF!
XOR A

OUT (PORTE),A

RET

119

;Rdutine to move the detector
;up in y-direction with

;constant speed.
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| 1143 MVINYD : EXX - jRoutine to move the detector
1144 N EX AF,AF! ;down in y-direction with
1145 ~ ID A,(WAY) ;constént speed.
1146 ID C,A )
1147 ~ ID H,p¢

L]

1148 DLINE : LD IX,YSTEEL
1149 1D B,COUNT
1156  DNEXT ID A, (IX+¢Q)

1151 OUT (PORYP),A
1152  CALL DIY

1153 INC H

1154 ID A,GRID
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 (PORTZ),A

1165 RE®



1166

1167

1168
1169
117¢
1171
1172
1173
1174
1175
1176
1177
1178
1179
118¢
1181
1182
11183

1184

1185
1186
1187
1188
1189
119¢
1191
1192
1193

XRACC

XRTH
XARTN

AMOVE

XNMXH
XNMAX

XAMV

s

.o

EEEEH

.
EX AF,AT!

ID IY,ACONS1
ID C,ACOUNT
ID H,88

ID IX,XSTEP1
ID B,COUNT
ID A, (IX+@)

OUT (PORT@),A

1D E, (I7+¢)
CALL VDLY
INC H

ID A,GRID
CP H

JR Z,+9
ING IX,
DINZ AMOVE
JP XARTN
ING IY
DEC C

JP NZ,XRTH
HL, PATH
¢, (HL)
H,@¢
IX,XSTEP1
B, COUNT
ID A, (IX+§)

oUT (PORT¢),A
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sRoutine to move the detector
;right in x-direction by
sacceleration.

sAcceleration starts.

;Meximum speed is reached,and
;s the stage moves with that

;speed PATH long.



1194
1195

1196

1197
1198
1199

1209

12¢1
12g@2
1203
12¢4
12¢5
1206
1207
12¢8
1209
121¢
1211

1212
1213

1214
1215
1216
1217
1218
1219
122¢

1221

XDEC

XDRTH
XDRTN

XDMV

1D E,MAXSPD
CALL VDLY
INC H

" ID A,GRID

e

.

CP H
JR Z,+9
INC IX

DJINZ XAMV

JP XNMAX
DEC C

JP NZ,XNMXH
LD I¥,DCONSL
LD C,DCOUNT
1D H,@d

ID IX,XSTEPL
1D B,COUNT
1D A,(IX+@)

oUT (PORTZ),A

1D E,(IY+@)
CALL VDLY
INC H

ID A,GRID
CP H

JR Z,+9

INC IX

DJNZ XDMV

JP XDRTN
INC I¥

;Deceleration‘begins.
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. 1222

1223

1224
1225
1226
1227
1228

- 1229

123¢
1231

1232

1233
1234
1235
1236
1237
1238
1239

1249

1241
1242
1243
1244
1245
1246
1247
1248

1249

XLACC

SXPAH
SXPAR

SXPAM

-9

DEC C
JP N2,XDRTH
XOR ‘A

OUT (POﬁT¢);A

EXX
EX AT, AF!
RET

- EXX

AF,AF!

B

D IY,ACONS1

E

C, ACOUNT
1D H, @

1D IX,XSTEP4
1D B,COUNT
ID A, (IX+@)

OUT (PORT®),A

ID E, (I1Y+@¢)
CALL VDLY
INC H

ID A,GRID
CP H

JR Z,+9

DEC IX

" DINZ SXPAM

JP SXPAR
INC IY

DEC C

JP NZ,SXPAH
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;Deceleration lasts,and the

';x-stage‘stops.Then the routine

;jreturns to where it is called.

s;Routine to move the detector
;left in x-direction by |
sacceleration using the same
;proéedures described in XRACC

sroutine.



1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
126¢
11261
1262
1263
1264
1265

1266

1267
1268

1269

127¢
1271
1272
1273

1274

1275

1276

1277

SXAPH
SXAPS

SXAPM

SXPD

SX¥DH .
1

SXPDR

SXYDM

1D HL,PATH
Ip C,(HL)
ID B,88
ID IX,XSTEP4

ID.B, COUNT

ID A, (IX+§)

OUT (PORT@),A

LD E, MAXSPD

CALL VDLY

INC H

"ID A, GRID

.0

e

CP H

JR Z,+9
DEC IX
DJINZ SXAPﬁ
JP SXAPS
DEC C

- JP NZ,SXAPH

ID IY,DCONS1
1D C, DCOUNT
Ib H, @9

1D IX,XSTEP4
1D B, COUNT
ID A, (IX+§)
ouT (PORTE),A
1D E, (1Y+¢)
CALL VDLY

- INC H
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1278
1279
128
1281
1282
1283
1284
1285
1286
1287
1288
1289

1D A,GRID
CP H

JR Z,+9
DEC IX
DINZ SXPDM
JP SXPDR
INC IY

DEC C

JP N%,SXPDH
EXX

EX AF,AP!
RET
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Appendix B.

OPERATING INSTRUCTIONS
1). PREPARATION OF THE DOT—MASK
i, After the printed circuit layout is drawn,
it is placed on a grid pattern in which node separation is
1/10 inch as shown below.On top of these fwo,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 thékness of 1/10 inch is enough.A 0.5mm drawing
pen of black colour. can be used. (RAPIDO 0.5).0r rather than

drawing the frame 1ines,a strip of 2mm. thickness can also

be used,
e
1= ; Nodes
o ’._«—f.v.v;',~- v- " l
SRR Y .
: g 1/10 inc
Density i s B e apia
Of the BN e B Pattern
Dots may L Layout
be as shown ¢ A :
i o T > Frame-1ir
' (may be st

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 between each node of the

above grid pattérn,because the scanning resolution of the

system is 1/20'inch),”
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If there are hole-positions on the layout which do
not coincide with the nodes of the grid pattern,they should
be placed onto the nearest node (with an error less than

0.54 mm).

After the dot—mask is prepared,it is correctly
placed onto the glass plate of the scanner carefullyvmatcl ing
the upper right corner of the mask frame to the right-angled

marker on the glass.

2). RUNNING THE SYSTEM
i.‘Systeﬁ is turned on using the switéh on the
control panel as shown below.FPower on reset,runs the reset
routine and HALT LED is on,iocated on the microprocessor card.
Then using the manual control switches 1,2,3,4,the detector

is positioned somewhere in the dobt-mask frame.

\_

/‘
{STR NM L \) |
,f«. (:;:> Control Panel

STR Button : SMART

STP " : STOP

NMI " : Emergency stop(when used system must be reset)
1 " .: X-motor (stage moves towards the x-motor)
2 " - : X-motor (stage movesraway from the x-motor)

3 " ¢ Y-motor (stage moves towards the y-motox)

I=

Y-motor (stage moves away from the y-motor)
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' ii, Pressing the START buﬁton commences the
programs.After the scanning of the whole card is finished,
detector retﬁrﬁs-to the ubper right corner (zero-position),
and stops;HALT LED turns on again. |

iii, This time START button starts the drilling
program. (At each drilling hole position a LED flashes on
for a few seconds to simulate Arilling time.)

| iv, After the éompletion of the drilling process,
detector(now 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 new dot-mask scanning,a reset must be

given to the system.Then continue from step ii.
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.  APPENDIX C.

2 0 Z-80 CPU ARCHITECTURE N

A block diagram of the mxemal architecture ofthe Z-80 CPU is shown in figure 2.0-1. The dragram
shows all of the mz;or elements in the CPU and it should be referred to throughout the following
description. .

| 3144
DATA BUS

DATA BUS
CONTROL

<: WSY <T ﬁ
b _INTERNAL DATABUS > ALU

INSTRUCTION

DECODE ‘ :
- cru N . .
Ri .
. cuann | VTR0 . -:?élsrms
systew | ou -
CONTROL . DMR‘OL

- @GNALS

- - - - . . : -
-7 . ADDRESS S - T- -
: : : CONTROL . .
. . S BYENO ¢ T _ 16817 - N
: ADDRESS BUS -

2.80 CPU BLOCK DIAGRAM ' : -
e FIGURE 2,0-1" - -

2.1 .CPU REGIS'TERS ' ’ ) : -

The Z=80 CPU contams 208 bits of R/W memory that are accessible to the programmer Figure 2.0-2
illustrates how this mémory is configured into eighteen 8.bit registers and four 16-bit registers All Z.80
registers are implemented using stauc RAM, The tegisters incinde two sets of six general purpos? registers
that may be ustd individually as 8-bit registers orin paus as lo-bit registers. There are alse two sets of -
nccumularox and flag registers.

‘Specnl Purpose Registers ' \ : .
4 1. Program Counter *C). The prog.xam countes helde the 16-bit address of the current instruction being
fetched from memory. The PC is automatically incremented after its contents have beeh transferred

to the address hnes. When a program ]ump occurs the new vadue is automatically placed in the PC,
overriding the incrementer.

2. Stack Pointer (SP). The stack pomter holds the 16-bit address of the cumnl top of a stack located
anvwhere in external system RAM memory. The external stack memon - is organized as a last-in first
out (L1FO) file. Data can be pushed onto the stack: from specific CPU registers or popped off of the
stack into specific CPU! registers through the-execution of PUSH and YOP instructions. The dats
popped frora the stack is alway ¢ the last datz pushied onto it. The st ¢k allows simple inplementation
of multiple level interrupts, unlimited subroutine nesting and simpl:fication of many types of date
mampulano*



MAIN REG SET ALTEANATE REG SET
/e, 7\
7 oS - TN
ACCUMULATOR|  FLAGS ACCUMULATOR FLAGS
A [ 4 F
8 c 4 c
" - GENEBAL
D € o Y PURPOSE
REGISTERS
H L L3 L
INTERRLPT VEwie 3
VECTOR - PEFFESM
' a

INDEX REGISTER 1

SPECIAL

> PURPOSE
REGISTERS

INDEX REGISTER 1Y

STACK POINTER P

PROGRAM COUNTER PC

2.80 CPU HEGISTER CONFIGURATION
o . FIGURE202 . . -

. Two Index Registers (IX & IY). The two inlependent index registers hold a2 16-bit hase address that
15 used nlndened addressicg modes. I ihis mode, an index register is us.d a5 abase to point to a

- region 1n memary from which data 15 10 be stored o1 rettieved. An addstioral byte 1s included in
indexed instructions to speut\ a displacement from this base. This displacement is specified asa twe .
- complement signed integes. This mode of a»dxessmg greatly ssmplmes many t)pes of programs, -
espec:all) whexe tables of data are used. ) y .

¢

4. Jnterrupl Page Address Register (1). The Z-80 CPU can be operated in a mode where an mdlrecx call
1o any memory location can be achieved-in response to am interrupt. The I Register is used for this °
purpose 1o store the high crder 8-bits of the indirect address while the interrupting device provides the

- Jower Bbits of the address. This feature allows interrupt soutings to be dynamically located anvwhere
in memdry with absoluté minimal aceess time to the rostine. . - C

5. Memory Refresh Register (8). The Z-80 CPL' contains 2 memory refresh counter to enable dynamic
memories ta be used with the same ease as static memories.. Seven bits of this 8 bit register are auto-_
matically incrementgd after edch instruction fetch. The eighth bit wjll remain as programmed as the
result of an LD R, A instruction. The data in the refresh counter is sent oul on the lower portion df
the address bus along with a refresh control | signal while the CPL is decoding and executing the fetched_
instruction. This mode of refresh is totally" transparent to the programmer and does not slow down the

'~ CPU opetation. The programmer can load the R registe: for testing purposes, but this register is normally

. not tsed by the progmnmer Dunng refresh, the contents ofthe 1 register are placed on the upper 8 bits of '

1.he address bus.

”Accnmuhtorlnd Flag Registers A o

The CPU includes twa independent B-bit accumulators and associated 8-bit flag registers. Fhe azcuimiu-
1ator holds the results of 8-bit arithmetic or logical operations while the flag register indicates specific
conditions for 8 or 16-bit operations, such as indicating whether or not the result of an operation is equal
" 10 zero, The programmer selects the accumulator and flag pair that he wishes to work with with a single
exchange instruction so that he may easily work with either pair.
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General Purpose Registers

There are 1wo matched sets of general purpose registers, each set containing six 8-bit registers that
may be used individually as 5-bit registers or as 16-bit register pairs by the programmer. One set is called
BC, DE and HL while the complementary set is called BC*, DE* and HL’. At any one time the programmer
can select either se: of registers to work with thiough a single exchange command for the entite set. In
systems where fast interrupt response is required, one set of general purpose registers and an accumulator’
flag register may be reserved for handling this very fast routine. Only a simple exchange commands need be .
executed 10 go between the routines. This greatly reduces interrupt service time by eliminating the require.
ment for saving and retrieving register contents in the external stack during interrupt or subroutine process-
ing. These general purpose registers are used for a wide range of applications by the programmer. They also

" simplify programmmg. espcuall\ in ROM based systems where little cxtcmal read/write memory is ¢
available. .

.22 ARITHMETIC & LOGIC UNIT (ALU).

The &-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU
tommunicates with the registers and the external data bus on the internal data bus. The type of functions

_ performed by the ALU include: : -

Add . o Leﬁ or right shifts or rotalcs (anthmellc and logxcal)
Subtract ' . ’ Increment . - : -
Logical AXD . .~ . Decreme_nt ' - ..
“Logical OR R i Set bit - T C D=7
Logic;l Exclusive OR : - Reset bit - ) -
Compare ) Test bit .~ T o T T
- 2 3 INSTRUCTION REGISTER AND CcpPU CONTROL o o

As ea\.h instrultion is fel;hed from memon . Hisplaced in the instruction regisler and decoded. The .
control sections performs this funcuon angd then generates and supplies all of the control signals necessary -
1o read or write ata from of 10 the registers. control the ALU and prowide all requned external control
signals. ‘ - - .

4 ke dseem e [POR
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po—— B RDY - .
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- . FIGURE 3.0-1 . . ;
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2.0 PIO ARCHITECTURE - ‘

A block diagram of the Z80-P10 is shown in Figure 2.0-1. The internal structure of the Z80-PIO
consists of a Z80-CPU bus interface, internal control logic, Port A 1/0 logic, Port B 1/0 logic, and interrupt
control logic. The CPU bus interface logic allows the PIO to interface directly to the Z80-CPU with no
other external logic. However, address decoders and/or line buffers may be required for large sysiems. The
internal control logic synchronizes the CPU data bus to the peripheral device interfaces (Port A and Port B),
The two 1/O ports (A and B) are virtually identical and are used to interface directly to peripheral devices.

.’I T I | ‘
[} ) i
) ey ‘ port [F—7——D OATA OR cONTROL 2
: COWTROL A ,
: Losic e p [ HANDSHAKE © !
. -
ou DATABUE | g | INTERMAL SUS , iy ;
INTERFACE Sepf WO | T - . . -
" 1 mo conTrOL d . , . . .
e - - i+ f3—34—0 DATA OR cONTROL : -
3 ) . wrcnauer FORT , !
. CONTROL b - -
B . | o - }mno'sruu L
- c. - 3 - . A T : -
. -  INTERRUPT CONTROL LINES - - . -
- - FIGURE 201 ' g
- P1@ BLOCK DIAGRAM .. - }
The Port 1/0 logic is composed of 6 registers with “handshake™ cntrol logic as-showh in Figure 2.02. - -
The _registers includes an 8 bit data input register, an § brt data output register; a 2 bit mode control - - -
- register, an B bit nfask register, an 8 bit inpuyoutpuy select register, and a 2 bit mask coatrol register. ) 1
% - . WPUT OUTMIT - - -
- . —3 SELECT AEG . -
- ‘ . - [ 3 314 N - R -
; L. I w0t - - ) 1
: coNTROL® ou U . . . '
- - "G, . - ENABLE . i
e U : §
DATA -
TTEANAL BUS ::> ouTruT
. " X 1321

s .-
FERIPHERAL )

e wee Ko oua
LI amre | Re
sy kT mPUT DATA LY At

v

g
S

2

. AL ADY : '
‘ NTERRUPY onoraaxt | ® wancemaxt
[ S T A -

ReoutsTs tocic T SRR [ unes

FIGURE 20-2
PORT 1/0 BLOCK DIAGRAM



The 2-bit mode control register is loaded by the CPL to select the desired operating mode (byte
output, byte input, byvte bidirectional bus, or bit contrel meded. Al data transfer between the penpheral
device and the CPU is schieved through the data input and data vutput registers. Data may be written into
the output register by the CPU or read back to the CPU frum the input register at any time. The handshake
" lines associated with 2ach port are used to control the data transfer between the P10 and tz: pcnpheral
device. .

he 8.bit mask rzgister and the 8-bit input /output select register are used only in the bit control
mode !n this mode any of the 8 peripherat data or control bus pins can be programmed to be an input ot
an ou »ut as specified by the select register. The mask register is used n this mede in conjunction with a
et rerript fagree T“‘s feature atlows an ‘nterrape @ be generated when anv or all of the unmasked
AN ..‘1;»..:.‘}\! cate testher tugh or owr The Zee ek contct seanter pesfies the sonve st
Jdesiz D% ghoorlow) J.td o the mterrupt shuud be genersted when 2 uminasaed pitis are sotive {AND
cond tion) or when 2ny unmasked pin is active (OR condition). This feature reduces the requirement tor
CPU wtates checking of the peripheral by allowing an TPt 1o ke 2utomatically generated on spectfic
per:pherat status conditions. For example, 10 a system with 3 alarm corditions. an interrupt may be
Zenerated if any one cccurs or if all three vecur.

The interrupt control logic section handles all CPU interrupt protocol for nested priority interrupt
structusss, The priority of any device is determened by its physical lncation in a daisy cham configuratinn.
Two Lines are provided in each PO to form this daisy chain, The device closest to the CPU has the highest
priority. Within a P10, Port A interrupts have higher priority than those of Port B. In the byte input, byte
sutput or brdirectional modes. an interrupt can be genersted whenever a new byte transfer is requested by

the penpheral. In the-bit control mode an interrupt can be generated when the peripheral status matches 3 < .

programmed value. The PlO provides for complete control of nested interrupts. That 5] lower priority

. devices may aot interrupt higher prionity devices that have not had thewr interrupt service routine com-

pleied by the CPU. Higher privrity deviges may interrupt the servicing of lower priority dewices.

_ When an interrapt +s accepted by the TPUn mode 2. the iniersupiing device must p:.)'vndc iR 3-bit
" interrupt vector for.the CPU, This vector 1s used 1o form 3 pointer to alucation in the computer memory
where the address of the interrupt service routine is located. The 8-bit vector from the interrupting device
torms the least significant 8 bits of the indirect peinter whils the | Register in the CPU piovides the most
significant 8 bits of the pointer. Each port (A and B) has an indepsndent interrupt vector. The least
significant bit of the vector is automatically set to a 0'within the P10 since the pomler must point to (Wo-
adjagem memory locations for a complete 16-bit address. -

The PIO decodes the RE‘l'l (Return from interrups) instruction directly from the CcPU data bus so
that each PIO in the system knows at 3l timzs whether it is being serviced by the CPU interrupt service
routine wxlhoul any other communication with _he CPU. - . - -
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! ) ) i
’ . . ‘f ; - . . + + Flags
Operation MNE op Description ~ Fars= (| n S A r (nn)  (BC) (NE} (HL} ] Z jeczsew
Move, bil SET s Sot U™ bit of « : 28 2 | ) 215 423 42 | ————
) RES | b.x Reset b bit of < ) 28 218 215 4123 4121 —_————
Move, segisler 1.0 s re——g - 2”7 174 A 114 17 3Ny any —_————
tn L7 4 S 4—T 114 14 w7 ng 3n9 ——— —
LD N fe——n 27 217 . 210 419 4n9 —————
Ln A s A +—— s (sec text for note on flags) 27 | 2m 114 114 3na 1w 17 17 3e ng | ————
’ LD s, A 8e— A 28 114 1/4 na 17 117 17 R L] na ————
Block move L. {D} ~—- {(HL): Inc. DE, HL; Dec. BC - 2116 ' —x X b
LDIR - {DE} «— (HL): Inc. DE, HL; Deq. BC; Repeat 2121BC —_x x 0
until BC =0 -
LhD [DE) «— (HL): Nec. DE, HL, BC : 216 —x x §
LDDR |- _ (DE) «=— (HL}: Dec. DE. HL.. BC; Repeat 2/21BC —x x 1
: untitBC =0 . :
Input/Cutput IN A.fn) | A «— Deviceln), ’ 1 2n0 _——
IN r.{C) | te— Device(C) 2n 21 -1t
our {n). A | Device{n} «— A m -
ouT {Cl.r Device{C) «——1r 2112 212 . ———— —
Block 10 NI {H1) «—- Device{C}: Inc. HI; Dec. B . 215 — 3% % x
INIR lHL] «— Device(C): Inc. H1: Dec. B; Repeat 2120B —1 % x
until B =0 .
IND (HL] e Device(C): Pec. HL. B 2015 -3} xx
INDR (HL) «—— Device{C); Dec. HL, B; Repeal . 27208 —1 %X X
untilB = 0
OuUTH Neviee(CC) «— (H1); Tnc. HL: Dec. B - 215 —1% x x
OTIR .} Device(C) «=— (HLY: [ne. His Dec. B: Repeat . 2200 -1 x x
unti! B =0 ' ] )
ouTh Device(() «— (HL): Dec. HL. B ’ 215 -1 x x
OTDR ' Device{C} +— (HL): Dec. HL. B; Repeat 2208 — 1 x x
untit § = 0
Incerment ING s S o8 + 1 174 14 111 323 3123 -1t
Docrement DEC s fo—s—1 T 14 1/4 1" 323 aza | —8 88
Complement A Pl A=A ) 14 —_———
NFG Ae—00-A - 2i8 2 S 1
Add-Subtract ADD s Ae—Ad+s 27 14, 14 17 314 ane I S A 4
ADC s S Ae——A+35+C 217 14 1/4 117 3119 3119 1111
SUB s Ae——A-s 2n 1 1/4 17 3h9 ne 1111
SRC s Ae—A-s5-C ’ 2 1 114 7 e Jana | 1118
NAA Cnrrect CD addition and subtraction 114 o 1111
T
7-80 INSTRUCTION SET
AND AND s A+ A AND s 217 14
E ! 1i4 2 . .
Exchusive-OR KOR s A A Gix 27 114 14 : 7 :/:: -: Sl . i :
OR finclusive OR < o 4 ; ‘ : aa | o't
e ) A AOR ) 207 14 14 el KL maj ol
Bit 1eat in h.s Set freset) Z flag if b™ bit of s is equal ta 0 {1) 28 2
. : . a e e &1 o 2 28 212 320 ) —
Compare [id s A ~ 5 (A not changed) 27 1.4 13 1 ‘l'f‘! ::t-" boxox
Block compare | CD1 - {HY.): tnc. HI: Dec. RC . . 210 ! ; 31y 111
CIMR 4 < (HLY: Ine, Bl D, BO: Rlpvm 22180 ~ : !
until A = (HL) or BC — ¢ x?
b R A - (1LY Dec, HEL IC 216 . 1 1
CPOR A ~ (HLY: Per: HL. BC: Repeat 2180 : x
until A = (HL) or BC = 0 =1 x1
Rotate N
ntate RLC s 114 28 218 421 423 1111
A RRC :
s 114 m 215 4123 423 111818
RL ® Z.S.end 14 2/8 215 iz 423 1111
: PV are not
affected for
RR s s= A 14 28 215 423 4123 1313
SLA s [ 2R » 215 a2 | a3 | $ 181
SRA s 14 2/8 . 215 4723 4123 13111
C s R
SRL s l'{-l n —-{::__;‘—:__—:}-j 14 ] 28 1% 4123 4123 1111
A (M1}
Rotute digi —— m
olite digits RLD . I 1 i | ] . 218 -1 11
— =
A T
RRD Y i S— | 218 —t1t
-~ =
Definltinns: n = B bits of imuediate data ‘ 7 {Continued )

r = any of the eight-bit CPU registers A BLC. D EH L L

{nn) = the memory lotation pointed to by the secand and third bytes of the instruction

bnel 2o b #haa S0 wvootelor.renide




Figure A8-2. (Continued) ' ' L .
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i < Byles Cythes - > Flags
. ) i : . . - , G PV
Operation MNE op  Description For ss = { AF sP BU bE L X Iy
- ) ! 310 310 310 #10 414 414 -
Move, register-pair LD §8, 1 §s on o w20 . 316 S0 40 e —
LD ss, (nn) 88 +— (nn) - a1 Y o e
4120 4n20 420 316 420 420
(1)) {nn}. ss {nn} +— 8§ o 210 2010 — o —
5P, s 8P «— s5 .
li;ll)l'iu ' :s' " Stack «—— ss 11 1 m 111 -215 215 -
: : Hac - 2 214 -
POP 58 ss «+— Stack 110 R 11 i';“ 110 214 ! -
oy . . . [
Exchange, register-pair EX DE, HIL DE «— HL ) e s
: EX AF, AF AF «— AF 14 v I
S S ‘s DE DE’; HL, e HIL' i
EXX B.(m—-liC.th—-*l I ) 119 224 — R
EX (8P}, ss Stuck «— s5
. . it Lo ut Y 210 2i10 ———
Incretent, register-pair INCG S5 ss ——ss + 1 . I . 210 e
DEC ss ss 88— 1 16 16 16 1 210
‘ ‘ 11 V1 1 R
Double addisubtract ADD HL., ss ], — HL + ss . }“: s 215 | 215 P
ADD | IX.ss IX ——IX + 85 ns ' e 215 §———
ADD V. Iy 1Y ¥ s e | 2aa | s | e 1111
Anc HL, 55 HL ~—HL + 55 + C 215 215 e e 1131
SBC HL. ss HL—HL—ss - C 215 05 18
S~ - B R L ¥ T 2T E R b ok )
tlags
Opuration MNE o Description BytesiCycles CZS Py
Sel carry SCr Ce—1 12} } — - —
Complement carry CLF : C—T e -
Enable interrupts - El IFF «— 1 13 —_———
Disable interrupts Df IF¥F «— 0 14 — - —
Seleut interrupt mode M 0 Select BOBY interrupt mode 28 _———
IM 1 Select ~6800-interrupt mode {vector to address 0038H) 2a ———
S 2 Select Z80 internupt mode {vector through tablej 28 - —
Halt HALT Stop 14 RS
No operalion NOP PC+—PC+1 14 _———
Jump unconditionally P nn PC «—— nn (jump anywhere) KB —_——— -
Branch unconditionally JR [} PC «——PC + ¢ (jump within ~ 126 and +1249 bytes from the present location) 2012 [
Jump conditionally P cc, nn PCe—mnifcc =1 foraee = C NG Z, NZ. M, I, PE. PO 310 R,
Branch conditionally JR ' w, e PCe——PC+eifcc=1 foree = C NG Z NZ 2i7, 42 —_—— —
Jump indirect P {HL) PC «—— HL 14 —-———
P (ss) PC «—ss forss = IX, 1Y 28 —_———
Decrement and jump DJNZ .e DEC.H;PCe—— P+ e HHHBFO - 28,13 —_ -
Call subroutine CALL nn Stack «— PC; PC ~— nn 317 —_——
RST P Stack «— PC; PC «—-p for p = 00, 08, 10, 20, 28. 30. or 38 thex) un ——— —
CALL cc, nn Stack «—— PC; PC —— nn if(:y =1 force = C NC ZONZ M, P PE, PO 317 —_—— .
Return from subroutine RET PC «—— Stack 110 —_——
RET cc PC «— Stack ifcc = 1 for co = € NC.Z, NZ. M. P, PE. PO 15 1) ———— —
Return from interrupt RETI PC «—— Stack; Reset interrupting peripheral interface chip 214 ———
RETN PC «— Stack: Restore IFF as it was befure this non-maskable interrupt 24 ——— —




STE A G . ‘- \ AP,iJENDIX D.
RID TYP

E 4T R . !
; 120 §2°° AN - Uni-Polar-Dri PF('22¢9E)?) 01
- 1204 13 —— Pull-in Torqlie
105 1e0 ,/—~\ «d== Pull-out Torgue
w .
] 120 —
é 1 /_\\ IS iﬂ
e ¥ w ™ I L —
404 80 \ R \\ ks C58 -~
40 \\ N,
201 4 N N\
ol o T , \!\"“"‘\;-------
0 200 200 €% 8 {(PPS)
] d SPEED
Single Shaft - ‘
RN o : 41§ x ) B £ £ . . . . 8 L
) oznﬁéé?’ . 21427 § f? : Uni-Polar-Drive P":22¢9E)?) 02
T - b y T azed ]cﬁ N I puil-in Tordue
| ] ééz—’g j w10 Ma 7 T~ =4~ Pull-out Tofque
4 5522 z 3 o0 ' < U4aR (
- : A I ~
g == T g o s AN =
< 38 £2 S Fooed o~
23 22 | & N N T~ =
) i | 454 o LR X ~w=
T 0300799~k Leoosti0 - S N o \
A } Lot ] (3879)" o 0 . . ~\‘~—‘—-q—- LRI YT
zu(jzmm : L armarsg— 0 200 2 PEED £ 5% {PPS)
Double Shaft = e : :
(ORI s} 770 X B © 143 % 200 Uni-Polar-Drive PH296-03
© 02D (3] : Z & e | (2¢EX)
G2 CoARLL ; T . ~—— Pull-in Torque
o2 o J B . 180 T q |
o g5 : ———:J;,:‘—; — w o 7 NG «=== Pull-out Totque !
| |58 &35 3 =1 S A | |
| éc=v 35 2 3 E:’ g4 e \ \\L-’ZR x |
2 =1z 2 o 160 . :
2 1158 LE B AN |
T g8 g% , |
% b g,
12 (3003LEADS lr ozoq.s)-&—‘r_aoe(:.e\
T AT } i
i ey T o0 2 33055 |
scale 1:4, unit=inch (mm) .
/
S
£E Uni-Polar Drive i
g, PH296-03 ;
o (2¢EX, L/R} g
pit] ‘ =0, ;
YELLOW T 3% ,(
2 —— |
= 255 i
GREEN E i
how :
|
= Oo 10 23 35 &% £ . {oran’} :
RED WHITE BLUE & Z ¢ s Thgam: |
INERTIA : !
SPECIFICATIONS (2-phase full-step)
Current ! tnldi Resistance Inductance
Motor type Voltage per phase Holding Torque per phase per phase
Single Shaft Double Shaft \Y A/phase 0z-in N.cm ohm/phase mH/phase P
PH296-01 PH296-01B 1.8 4.5 174 123 0.4 1.4 {
PH296-02 PH296-02B 55 1.25 174 123 4.4 14 N
PH296-03 PH296-03B ©14 0.7 174 123 . 20 60
®Rotor Inertia 3.1 0z-in? (560g-cm?). e Weight 3.31bs (1.5 kg)

6 ) : . ) : |
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