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DC POWER SUPPLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the field of DC power
supplies.

2. Prior Art

DC power supplies which employ transformers to
convert a first DC potential to a second DC potential
are well-known. In some cases, these supplics are single-
ended, that is, magnetic flux is induced s only one
direction within the transformer. Most often these
power supplies are of the “flyback” type, that is, power
is transferred after conduction has ceased in the primary
winding. Regulation of the output voltage is accom-
plished by controlling the amount of energy stored in
the megnetic field of the transformer. This is generally
done by controlling the peak current in the primary
winding through a power transistor. ’

For the self-exciting type of power supply, an auxil-
iary drive or oscillator is often employed to initiate
osciilations. As will be seen, the starting/restarting cir-
cuitry employed with the present invention consists
substantially of passive circuit components which are
inherently reliable. This circuitry also provides excel-
ient fault protection.

In flyback systems employing transformers, a prob-
lein has existed in dissipating all the energy stored in the
magnetic ficld of the transformer. Because of stray in-
ductance and capacitance, and because complete mag-
petic coupling does not occur between the primary and
secondary windings, ali the energy introduced in the
magnetic field from the primary winding is not coupled
to the secondary winding. Typically, some of the en-
ergy stored in the field is dissipated in the power transis-
tor which controls the current in the primary drive
winding and in damping diode networks, etc. This sub-
jects these components to severe stress in some cases.
Moreover, when a fault condition occurs such as an
open secondary, or a no-load conditicn, all of the en-
ergy stored in the raagnetic field must be dissipated on
the primary side. As will be seen with the present inven-
tion, an zdditional primary winding is employed which
in effect returns a substantial amount of the energy in
the magnetic field which is not transferred to the sec-
ondary winding, back into the primary power supply.

SUMMARY OF THE INVENTION

A direct current power supply of the single-ended
flyback type is described. The power supply includes a
transformer which has at least ore primary winding and
at least one secondary winding. The primary winding is
coupled between a source of direct current potential
and the collector of a power transistor. Starting means
are employed to initiate oscillations in the power sup-
ply. The sterting means are coupled to the emitter of the
power transistor and initiate oscillations by causing a
relatively low current flow through the emitter of the
power transistor. In the presently preferred embodi-
ment, the starting means comprises 2 series connected
capacitor and resistor which are coupled to receive the
negative portion of the AC line supply. When a fault
occurs which causes the oscillations in the power sup-
piy to ccase, ike starting circuit attempts to restart the
oscillations. Even if the fault remains, attempts to re-
start the oscillations do not harm the supply since the
emitter current drawn by the starting means is low.
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BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is an electrical schematic of the pres-
ently preferred embodiment of the invented DC power
scpply.

DETAILED DESCRIPTION OF THE
INVENTION

A direct current (DC) power supply which is particu-
larly suited for providing power for integrated circuits
is described. In the following description, numerous
well-known concepts asscciated with DC power
supplics of the type described have not been set forth in
detail in order not to obscure the present izvention in
unnecessary detail. In other instances, specific details
are set forth in order to provide a thorough understand-
ing of the present invention. However, it will be obvi-
ous to one skilied in the ari that the invention may be
practiced without employing these specific details.

The described DC power supply is of the general.
type which converts energy from a first (primary) DC
power supply into megnetic energy, and then converts
this magnetic energy into a second (output) DC poten-
tial. This “through convertion type” power supply, in
the presently preferred embodiment, employs a doutle
wound transformer with the energy transferred to the
secondary windings during the flyback cycle, that is,
when conduction has ceased in the primary drive wind-
ing. The output DC potential is regulated by controlling
the peak current in the primary drive winding.

Referring now to the FIGURE, the transformer 12
includes a plurality of primary windings 14, 15, 15 and
17, and a plurality of secondary windings 19, 20, 21, 22
and 23. The primary drive winding 14 transfers energy
from the primary DC supply into the magnetic energy
of the transformer. The parasitic winding 15 has tae
same number of turns as the winding 14 for reascns
wkhich will be described in greater detail. The winding
16 is employed to provide a control potential for con-
trolling the current throvgh the drive winding 14. The
feedback wirding 17 provides a positive feedback sigaal
for the power transistor 10. The secondary windings 19,
20, 21, 22 =nd 23, include rectification means which
assure that current flows in the secondary windings
only during the flyback period to provide the DC out-
puts. In the presently preferred embodiment, 8 gapped
transformer is employe’ having an air gap of approxi-
nstely 0.0028 inches. V/ith this gap, substantially all of
the energy associated with the magnetic field is stored
in the air gap rather than in the ferromagnetic core of
the transforraer.

The primary DC supply is derived from an alternat-
ing current (AC) line source. This source is coupled
through a line filter to a diode bridge 27. The output of
this diode bridge provides a positive DC potential on
line 28. Tkis DC potential is couplad to one lead of the
primary drive winding 24. The other lead of this wind-
ing is coupled to the collector terminal of the transistor
10. As will be described in greater detail, the transistor
10 is used to control the flow of current through the
drive winding 14. The line 28 is also coupled to the
collector terminal of the traasistor 10 through the resis-
tor 34 and capacitor 38. ’

The parasitic winding 15 which in one embodiment
may be bifilar with the primary winding 14 has one of
its leads coupled through diode 65 to line 28. This lead
is also coupled to the collector terminal of transistor 10
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through the capacitor 61 and resistor 60. The other lead
of the winding 15 is coupled to the ground node 30.

A starting circuit is employed to initiate oscillations
for the power supply. (Oscillations refer to the repeated
building up and decaying of the magnetic energy in the
transformer 12 and the related currents). This starting
circuit includes a resistor 35 of relatively high resistance
which is coupled in series with capacitor 36 between the
emitter terminal of transistor 10 and tae ground node
30. The capacitor 36 is charged, as will be described, by
the negative portion of the AC supply through a charg-

)

10

ing circuit. Coupling to the AC supply is obtained -

through capacitor 57 and resistor 58. One terminal of
resistor 58 is coupled through the diode 62 to the
ground node. Resistor 58 is also coupled to the emitter
terminal of transistor 10 through the resistor 59. The
emitter terminal of tramsistor 10 is coupled to the
ground node through 2 relatively small capacitor 37
which, as will be explained, provides high frequency
bypass. The main emitter current path during normal
(heavy) oscillations includes the diode 31, the current
limiting resistor 32, and resistor 33, all of which are
coupled in series between the emitter terminal of the
transistor 10 and the ground node 30.

Regulation of the DC output potentials is obtained by
controlling the turnoff of transistor i through aa active
turnoff circuit which includes transistors 39, 40 and 41.
Positive feedback from the windiug 17 is coupled
through line 42 and the parallel combination of a resis-
tor end dicde to the base terminal of the transistor 10,
The base terminal of transistor 10 is coupled through a
diode to the emitter terminal of the transisior 39. This
emitter terminal of transistor 10 is also coupled through
another diode and a resistor to the coliector terminal of
the transistor 40. The emitter terminal of transistor 40
and the collector terminal of transistor 39 are coupled to
the ground ncde 30.

The base terminal of the transistor 40 is coupled to
line 43. This line is coupled to the collector terminal of
s light-sensitive transistor 41 through a resistor. The
emitter terminal of transistor 41 is coupled to line 51,
also the base terminal of this transistor is coupled to line
51 through a capacitor. The ground node 30 is coupled
to line 51 through a capacitor 58. Line 51 is coupled to
one lead of the primary winding 16 through a diode 56
and a resistor 53. The common junction between the
diode 56 and resistor 53 is ccupled through a diode 52 to
one terminal of a capacitor 50. The other terminal of
this capacitor and the other lead of the winding 16 are
covpled to the ground node 30. The cspacitcr 50 is
couplec through the Zener diode 49 to resistors 46 and
47. The resistor 47 is coupled to the ground node 30
while the resistor 46 is coupled to line 43. Line 43 is also
coupled through resistor 45 to the junction between
resistors 32 and 33; this juaction is common with one
lead of the feedback winding 17.

In the presently preferred embodiment, the power
supply provides + 12 volts on line 63 and +5 volts on
line 69. The windings 22 and 23 are coupled to rectifica-
tion means to provide output potentials of —5 volts and
—12 volts. These rectification means are well-known
means and are not illustrated in the FIGURE.

The windings 19, 20 and 21 are coupled through
diodes to provide a positive potential on the lines 68 and
69 with reference to the ground line 70. Capacitors and
inductors are employed in a8 well-known manner to
provide filtering of these DC potentials as shown in the

drawing.
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A transistor 80 which is employed as a comparator, as
will be explained, has its collector terminal coupled to
line 68 through resistor 84 and through the series combi-
nation of resistor 83 and light-emitting diode 82. The
light-emitting diode 82 is optically coupled to the light-
sensitive transistor 41 as indicated by the path 86. The
emitter terminal of the transistor 80 is coupled through
a resistor to line 69. The base terminal of this transistor
is coupled to the potentiometer 78. This potentiometer
is coupled across the diodes 75 and 76. Diodes 75 and 76
are coupled to line 68 through the resistor 74 and to
ground through the Zener diode 77. The Zener diode
77 provides a reference pctential for the base of transis-
tor $0. This Zener diode is temperature compensated by
the diodes 75 and 76.

Over-voltage protection is previded through the
silicon controlled rectivier (SCR} §8. This SCR is cou-
pled between the lines 68 and 70. A triggering potential
for the gate terminal of this device is provided by the
Zener diode 99, which diode i3 coupled in series with
resistor 91 batween line 68 and ground. As is apparent,
when the potential on linz é68 exceeds a predetermined
value (over-voltage) the Zener diode 90 conducts,
therety triggering the SCR 88. When the SCR 88 is
triggered, line 68 is directly counled to line 70 thereby
shorting the over-voltage condition.

As mentioned, the power supply is self-exciting, thus
it requires some means for initicting oscillations. A por-
tion of the AC signal is coupled through the capacitor
57 1o the emitter terminel of transistor 10. Because of
the diode 62 and the resistors 58 and 57, only a portion
of the negative potential is coupled to the emitter termi-
nal. The diode 31 prevents this negative potential from
being coupled to the ground node 35. As negative
charge wccumulates on the capacitor 36 it eventually
lowers the emiiter potential to approximately —0.6
volts at which time approximately 15 mA of emitter
current flows through the emitter of the transistor 10.
The transistor 10, assuming there are no faults, has sub-
stantial pow:er gain. (The DC potentis! for the presently
preferred embodiment on line 28 is approximately 140
to 200 volts). The positive feedback to the emitter of
transistor 10 from the winding 17 along with the fact
that high frequency signals are bypassed through the
capaciior 37 causes rapid r-generation oscillations to
start. During these oscillations current flows through
the winding 14, through transistor 16 to the ground
node 30 through the diode 31 and resistors 32 and 33.
These oscillations once initiated are sustained through
known phenomena. Such oscillations 2s is well-known
rely upon stray capacitance and inductance, and upon
the ringing of the underdamped system to reiritiate
conduction in transistor 10 afier the flyback portion of
the cycle. During these oscillations, the capacitors 36
and 37 play substantiaily no part in the operation of the
circuit, and in fact, the emitter terminal of transistor 10
rises to & potential of approximately 2.4 volts in the
presently preferred embodiment.

Once heavy osciilations are underway and power is
being transferred to the secondary windings, the tumn-
off point of transistor 10 is controiled by transistors 39
and 40. These transistcrs shunt base current from tran-
sistor 10 and act as an active turn-off circuit. Transistors
39 and 40 are coupled to sense both the AC Jine poten-
tial and the DC output potential. Local loop regulation
is provided by the winding 16 ang the potential which is
developed across capacitor 50. Conditions such as
heavy loads affect the potential developed across the
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capacitor 50. The potentisl across this capacitor since it
is coupled to the base of transistor 40 partly coatrols the
turn-off point of the transistor 10.

On the output side of the power supply, the transistor
80 compares the reference potential which is developed
by Zener diode 77 with its emitter potential. The emit-
ter potential is a function of the output potential on line
69. The results of this comparison determine the amount
of current which flows through the light-emitting diode
82. The amount of current through this diode regulates
the characteristics of the transistor 41. This transistor
controls the turn-off pciat for transistor 10 since transis-
tor 41 is coupled to the base of transistor 10 through
transistors 39 and 40.

By way of example, if the potential on line 69 drops it
will cause more current to flow through the lighi-emit-
ting diode 82. The additional light from this diode
causes the transistor 41 to become more corductive.
This greaier conductance of transistor 41 lowers the
potential applied to the base of transistor 40. This pre-
vents transistcr 40 from conducting as readily as it
might otherwise conduct, and hence less base current
for transistor 10 is shunted through this transistor. Thus
more positive feedback through line 42 reaches the
transistor 10, increasing the maximum current which
flows through the drive coil 14. This additional current
results in more energy transfer to the secondary wind-
ings, thereby increasing the potential oa line 69. The
cther DC output potentials follow this regulation loop.

Assumec for sake of discursion that a fault condition
occurs such as a short at the output of the power supply
or a short caused by the conduction of the SCR 88. This
fault substantially reduces the power gain associated
with transistor 10 and causes the heavy oscillations to
cease. The current through the current limiting resistor
32 also ceases. This allows the capacitor 30 to slowly
become negatively charged again. The time constant
associated with this charging is made relatively long to
give time for fault correction. As the potentia! on the
emitter of transistor 10 becomes negative, the relatively
small emitter current is again drawn and the circuit
attempts to oscillate. If the fault is removed, heavy
oscillations occur and power is transferred to the sec-
ondary windings. On the other hand, if the fault remains
the circuit nonetheless attempts to restart. These coatin-
ued atterupts to restart do not damnge the circuit since
the emitter curreat is relatively low (12 ma for the pres-
ently preferred embodiment). Thus, the restarting cir-
cuitry provides protection against faults since unsuc-
cessful, continued aticmpts to restart do not damage the
supply.

As previously mentioned, one inherent problem in
flyback type systems in that all the energy stored in the
magneiic field is not linked to the seccndary windings,
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begins to rise sharply. At the same time, the potentizl on
the ungrounded lead of the winding 15 rises in the posi-
tive sense. This potential is equal to the potential on the
collector terminal of the transistor less the DC compo-
nent on line 28. When the potential on the coilector of
transistor 10 reaches twice the potential of the DC sup-
ply, the potential or: the ungrounded lead of winding 18
approximately equals the potential on Line 2% causing
diode 65 to conduct. The current through this diode is
approximateiy equa! io the peak current drawn by tran-
sistor 10 during the on-time of this transistor. This car-
rent returns substantially all the energy from the mag-
netic field back to the primary DC power supply. Were
it not for the parasitic winding 15, this cnergy would be
dissipated within the power supply and could destroy
the transistor 10. In practice, not all the energy is re-
turned to the DC power supply because of copper and
iron losses, losses in the tramsistor and the fact that
perfect linkage does not exist between the windings 14
and 15. Also in practice, the parasitic winding 16 is
more economical to fabricate when wound on a sepa-
rate layer rather than as a bifilar winding. This, of
course, increases the leakage inductance. To compen-
sate for this, the two windings are coupled together
through the capacitor 61 and resistor 60. It is estimated
that in tae presently preferred embodiment, approxi-
mately 1/10 of the energy that would be otherwise
returned to the primary DC power supply is lost
through resistors 34 and 60.

Thus, a DC power suppiy has been disclosed of the
general single-ended flyback type. The starting circuit
for the power supply provides protection against faults.
An additiounal primary winding which is coupled to the
drive winding allows the return of non-transferred en-
ergy to the primary DC power supply. This feature
reduces the stress on components during no-load condi-
tions and the like.

I claim:

1. A direct current power supply comprising:

a transformer having at least one primary winding
and one secondary winding, one lead of said pri-
mary winding for coupling to a source of direct
current;

a transistor having a collector, base, and emitter ter-
minal, said collector terminal coupled to the other
lead of said primary winding;

starting means for initiating oscillations such that
power may be transferred through szid transformer
from seid primary winding to said secondary wind-
ing, said starting means comprising a first resistor
and first capacitor coupled to the emitter ter:1inal
of said transistor and charging means for charging
said first capacitor, said starting circuit for control-

and thus a portion of this energy must be dissipated on 55 ling the flow of emitter current 30 as to initiate said
the primary side of the supply, particularly in the power ' oscillations withcut damaging said transistor;
transistor and other circuit components. This problem is rectification means coupled to said secondary wind-
greatly aggravated during a no-load condition when all ing for providing an output direct current poten-
the power stored in the transformer must be dissipated tial;

on the primsry side. Because of the winding 15 and its 60  whereby oscillations are initiated in said direct cur-

interconnection with tae primary DC supply, a substan-
tial portion of this non-transferred energy is returned to
the primary D.C. supply. Assume for purposes of expla-
nation that the secondary windings are open. When
condition ceases through transistor 10, a substantial
amount of energy is siored within the magnetic field of
the transformer. At the moment that conduction ceases,
the potential on the collector terminzl of transistor 10

65

rent power supply without damage to said supply
during a fault condition.

2. The power supply defined by claim 1 including a
second resistor for limiting said emitter current.

3. The power supply defined by claim 2 including a
diode coupled in series with said second resistor to
allow the charging of said first capacitor without loss of
current through said second resistor.
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4. The power supply defined by claim 3 including
second rectification means for coupling to an slternat-
ing current source and for providing said source of

8
controlling the flow of current in said first primary
winding;
starting means for initiating current flow in said tran-
sistor coupled to said transistor;

direct current for said primary wmdn.lg. . ., 3 said second primary winding coupled to said first
5. The power supply defined by claim 4 wherein said primary winding such that energy stored in the
charging means couples 2 portion of alternating current ficld of said transformer may flow to said DC
from aaid altzrnating current source to said first resistor course from said second primary winding;
for charging said first capacitor. 8 circuit means interconnecting said first and said
6. The power supply defirod by claim § including a !0  Second primary windings for compensating for
. second capacitor coupled to scid emitter terminal for w;ﬁ:g‘?&:‘:‘:":;o load condition said energy
p‘tovxdmg. 2 lug.h ﬁ:eqnency bypass to aid in the initia- stored in said transformer is returned to said DC
tion of said oscillations. . L source thereby protecting said power supply.
7. The power supply defined by claim 1 wherein said 15 9. The power supply defined by claim 8 wherein said

starting circuit is effectively decoupled from said emit-
ter terminals once oscillations are initiated.

8. A direct current power supply comprising:

a trausformer having at least a first primary winding
ard a sccond primary winding and at least one
secondary winding, one lead of seid first primary
winding coupled to a DC source;

a trausistor having its collector terminal coupled to
the other lead of said first primary winding for

25

s

55

63

first and second primary windings are coupled through
a diode.

10. The power supply defined by claim 8 wherein said
starting means comprises a capacitor and resistor cou-
pled to the emitter terminal of said transistor, said resis-
tor coupled to receive a portion of an AC signal.

11. The power supply defined by claim 9, wherein
said circuit means comprises a series coupled resistor
and capacitor.

s & = s @

“APPLE_PAT 4 130 862 06" 125 KB 2000-02-21 dpi: 300h x 300v pix: 1937h x 2848v
Page 0006 of 0515 |

| David T Craig * 21 February 2004




Apple Computer Selected Patents

*
United States Patent (9 {1 4,136,359
Wozniak [45) Jan. 23, 1979
[54] MICROCOMPUTER FOR USE WITH VIDEQ  Attorney, Agent, or Firm—Blakely, Sokoloff, Taylor &
DISPLAY Zafman

[75] lnventor: Stephea G. Wozniak, Cupertino, (57 ABSTRACT
Calif. A microcomputer including a video generator amli n:m-
7 i Apple Computer Cupertino, ing means which provides color and high resolution
[73] Assignee Czlplfe » Inc, Cupe u':o graphics on a standard, raster scanned, cathode ray tube
is disclosed. A horizontal synchronization couater is
[21] Appl. No.: 786,197 synchronized at an odd-submuitiple of the color subcar-
. rier reference frequency. A *“delayed” count is em-
[22) Filed Apr. 11, 1977 ployed in the horizontal synchronization counter to
[51] Iat. Q12 .. HO4AN 9/44 compensate for color subcarrier phase reversals be-
[52] us.Q. 358/17  tween lines for the non-interlaced fields. This permits
[58] Field of Searck .........ccoeeerseiacrues 358/17, 148, 150 vertically aligued color graphics without substantially
altering the standard horizontal synchronization fre-
{56} References Cited quency. Video color signals are generated directly from
U.S. PATENT DOCUMENTS digital signals by emiploying a recirculating shift regis-

3581011 571971 Ward et al. oorrmesceee s o

Primary Examiner—Richard Murray

8 Claimz, 4 Urawing Figures
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MICROCOMPUTER FOR USE WITH VIDEO SUMMARY OF THE INVENTION
DISPLAY A microprocessor for use with a video display is

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is for the generation of signals for
raster scanned video displays employing digital means.

2. Prior At

With the reduced cost of large scale integrated cir-
cuits it kas bocome possible to provide low-cost mi-
crocomputers suitable for bome use. Orne such use
which has fiourished in recent years is the application of
microcomputers in conjunction with video displays for
games and graphic displays. Most often an ordinary
television receiver is employed as the video display
means. The standard, rasier scanned, cathode ray tubes
employed in these receivers and like displays, present
unique prablems in interfacing these displays with the
digital information provided by the microcomputer.

in prerenting color graphics it is, of course, desirable
to provide high resolution lines and to avoid “regged”
lines. In a microcomputer contrelled display, typically a
single frequency reference source is employed to gener-
ate the color subcarrier reference signal of 3.579545Mhz
and the horizontal and vertical synckronization signals.
If the frequency of the horizontal synchronization sig-
nals is to remasin close to its normal frequency (i.e.
15,750hz) the horizontal synchronization means must
operate at an odd-submultiple of the color subcarrier
frequen=y. When this occurs there is a phase reversal or
phase shift of the color subcarrier reference signal when
compated to color control signal between each of the
lines of the displey. This results in ragged vertical lines
unless the coior signals are changed for each line. One
prior art sclution to this problem has been to operate the
horizental sypchronization counter at an even submulti-
ple of the color subcarrier frequency (i.e. 15,980hz).
This deviation from the standard horizontal synchroni-
zation frequency typically requires manual adjustment
of the recciver and for some receivers horizontal syn-
chronization may be more difficult to meintain.

As will be described with the invented microcom-
puter, the horizonts! counter operates close to its stan-
dard frequency (15,734hz). Tkrough use of a timing
compensation means, counting in the horizontal syn-
chronization counter is delayed to compensate for the
fact that the counter operates at an odd-submultiple
frequency of a color reference signal. in this manner,
phase reversal of the color reference signal is eliminated
and sharp graphic displays are provided without com-
plex programming.

In many prior art microcomputer controlied displays,
color information is stored as four digital bits which are
used to designate green, red, blue, and high/low inten-
sity. The color generation means generally includes a
signal generator for generating the pure color signals
(CW). These pure color signals are then gated and
mixed in accordance with the binary state of the four
bits to provide s color signal cempatible with standard
television receivers. Generation of the video color sig-
nal in this manner is complex and requires a substantial
amount of circuitry.

The invented microprocessor includes a recirculating
shift register which circulates four bits of information.
In this manner video color signals are generated di-
rectly from digital information without the cumber-
some generation techniques enrployed in the prior art.
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described. The microprocessor includes an improved
timing apparatus which provides well-defined color
graphics on a standard, raster scanned, cathode ray
tute. A timing reference means is employed to provide
a color reference signal for the video display. A hori-
zontal syuchronization means which is synchronized to
the timing reference means provides horizontal syn-
chronizsdon signzis for the disolay. These signals occur
at a rate which is an odd-rubmultiple of the color refer-
ence signzl frequency. The timing apparatus includes a
compensation means which is coupied to both the tim-
ing reference means and the synchronization means for
periodically adjusting the horizontal synchronization
signals such that these signals remain in phase reiation-
ship with the coler reference signal.

The microcemputer also includes 8 unique color sig-
nal generation means which uses a recirculating shift
register. This register 1eceives digital signals representa-
tive of colcy from memory and circulates this data at a
predetermined rate. In this manner a color signal suit-
able for use with a video display is generated from the
digital signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general block diagram illustrating the
invented microcomputer in its presentiy preferred em-
bodiment.

FIG. 2 is a block diegram of the video generator
employed in the microcomputer of FIG. 1.

FIG. 3 is a block diagran of the timing 2nd synchro-
nization generator employed in the computer of FIG. 1;
and

FIG. 4 is a graph illustrating several waveforms gen-
crated by the video generator of FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTICON:

A microcomputer is disclosed which is particularly
suitable for controlling color graphics on a staudard,
raster scanned, cathode ray tube. The described mi-
crocomputer iacludes a video generator which gerer-
ates color signals directly from digital information, and
a timing means which provides well defined color
graphics, particularly in the vertical direction, without
complex programmirg.

In the follcwing description, rumerous well-known
circuits are shown in block diagram form in order not to
obscure the described inventive concepts in unneces-
sary detail. In other instances, very specific details such
as frequencies, number of bits, specific codes, etc., are
providing in order that these inventive concepts may be
clearly understood. It wiil be apparent to one skilled in
the art that the described inventive concepts may be
employed without use of these specific details.

Referring now to FIG. 1, the microcomputer in-
cludes a central processing unit (CPU) or microproces-
sor 10. While any one of a plurality of commercially
available microprocessors may be empioyed such as the
M6800 or 8089, in the presently preferred embodiment,
a commercially available microprocessor, Part No.
6502, is employed. CPU 19 communicates with the data
bus 18 through a bidirectional tri-state buffer 12. The
CPU 10 is also coupled to the address bus 20 through a
tri-state buifer 13.
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The microcomputer, in its presently preferred em-
bodiment, includes two memories. The firs: is a 12K
(bytes) read-only memory (ROM) 14 which is coupied
to the data bus 18. This ROM may be a mask program-
mable memory, E FROM or other read-only meniory.
The primary data storage for the computer comprises
the random-access memory 23. In the presently pre-
ferred embodiment, this memory may contain 4K to
48K (bytes) and comprises commercially available dy-
namic MOS memories. The RAM 23 is coupled to the
input/output interface means 21 via bus 30, the data bus
15 and the video generator 25.

The timing signals for the microcomputer are pro-
vided by the timing and synchronization generator 15.
The novel portions of this generator shall be described,
in detail, in coajunction with FIG. 3. This generator
provides timing signals for the microcomputer, and
additionally, synchronization signals for the video dis-
play. Among the signais provided by the generator 18
are 2+ Mhz timing signals on lines 32 for the RAM; 23
and a 14.31818Mhz signal on line 33 for the video gener-
ator 25. The timing and synchronization generator 15
also provides timing sigoals for the decoder 16 and for
the address multiplexer 28. .

The address decoder 16 receives address signals from
the address bus 20 and deccdss them in a well-known
raanner. The address decoder 16 is coupled to the ROM
14 and to the RAM 23. Address signals are also received
from the bus 20 by the address multiplexer 28 wkich
couples these signals to the RAM 23.

The input/output interface means 22 provides ports
which allows the microprocessor to be electrically cou-
pled to a cassette jack or to a connector used for raceiv-
ing game input/output signals. Known buffers aad tim-
ing means may be employed for this purpose.

The video generator 25 receives signals from tke
input/ouiput interf2ce means 21 and aiso from the
RAM 23s. This generator provides an output video sig-
nal on live 26. Video generator 25 shall be described, in
detail, in conjunction with FIG. 2.

In the presently preferred e:nbodiment, the entire
microcomputer of FIC. 1 is fabricated on a single
printed circuit board. This board includes connectors to
allow the computer to be connected to a cassette play-
back means, or other devices. As will be appreciated,
numerous well-known intercoanections, driver means
and other circuits employed in the microcomputer are
not shown in FIG. 1. For a detailed description of cir-
cuits and interconnections which may be employed in
the microprocessor of FIG. 1, including a transparent
refresh cycle for the RAMs 23, see “4 CRT Terminal
Using The M6800 Family” by Roy & Morris, Interface
Age, Volume 2, Izsue 2, January 1977.

Referring now to FIG. 3, the timing and synchroniza-
tion generator (timing means) includes a frequency
reference source, crystal oscillator 51. The output of
oscillator $1 is counled to a buffer §2 which provides a
14.31818Mhz signal ca Lne 33 for the presently pre-
ferred embod:iment. This sigrai is coupled to the video
generator of FIG. 2 as will be described, and is also
coupled to the shift register counter 60 and the divider
85. The divider 55 divides the 14.31818Mhz signal by
two, thereby providing a 7.15909Mhz signal on line 56.
This signal is employed by the microprocessor as a
timing signal, and additionally, is employed by the shift
register counter 60 as a feedback synchronization sig-
nal. The signal on line 56 is further divided by two, by
divider 87, to provide tke standard color subcarrier

10
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reference signal of 3.579545Mhz on line 58. The signal
on line 58 is used in aa ordinary manner by the video
display and also is used as a feedback synchronization
signal by the shift register counter 69.

The 14.3Mhz signal on line 33 is divided by seven, by
the shift register counter 60 to provide a 2+Mhz signal
on line 32. This signal is used by the RAMs 23 of FIG.
1. This 2+Mbhz signal is further divided by divider 62
(divid=d by two) to provide a 1+Mhz timing signal on
line 65. This 1+Mhz signal in addition to being em-
ployed elsewhere in the microprocessor is used by
counters 63 and 64.

The “divide-by-65 counter 63 is used to provide the
horizontal synchronization signals for the non-inter-
laced displsy. When the maximum count is reached
within the counter 63, a signal is provided on linc 66 to

 shift register 69 and also to the vertical synchronization
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counter 64. The counter 64 is employed to divide this
sigl:a] by 262 to provide vertical synchronization sig-
na

In the presently preferred embodiment, the display is
divided into a 65X252 array. However, 25 of the 68
horizontal character positions are employed for blank-
ing and 70 of the 262 lines xre also employed for blank-
ing.

It is apparent from FIG. 3 that the horizontal syn-
chronizstion signals from counter &3 occur at a fre-
quency of approximately 15,734hz. This is very close to
e standerd horizonial synchroaization rate of
15,750hz. Each count of the counter 63 includes 3
color cycle of the color subcarrier reference frequency;
morecver, the tctai number of color cycles per line is 2
ron-integer. As a recult, the color subcarrier reference
signal will be shifted 180° for each new lins. Urless
some corrective acticn is taken this will result in ragged
vertical lines. As will now be described, compensation
is provided by delaying the occurrciice of the 1+Mkz
timing signal once for each line by a period of time
corresponding to § cycle of the 3.58Mz subcarrier refer-
ence signal. -

As shown in FIG. 3, the normal connting sequency
for the skift counter 60 includes seven states. When the
last stage of the four stage counter contains a binary-
zero, a binary-one is loaded into the second stage (posi-
tion 70). Tke first and second stages receive the output
of the second stage whea the last stage contains a bi-
nary-zero. Thus, the states become 1110 after the next
shift, and finally the states become 1111 as indicated by
path 68.

Each time a signsl occurs on line 66 (every 65 cycles
of the 1+ Mz signal) tke normal sequencing within the
counter 60 is altered as shown by the extended sequence
of FIG. 3. When a signal occurs on line 66 and when the
count of 0000 is reached, the loading of tiie binary-one
into the second stage (position 79) is delayed for two
cycles of the 14.318Mhz clock. These two cycles corre-
spond to 180° of the 3.58Mhz signal. Afier these two
cycles, a binary-one is then loaded into the second
stage, followed by the loading of binary-ones into the
first and third stages. As indicated by path 69, a normal
counting sequence then occurs. By extending the count
within counter 60 as described, compensrtion occurs
which provides vertical color alignment from line-to-
line.

Referring now to FIG. 2, the video generator 25 of
FIG. 1 includes two, four bit shift registers 36 and 37.
Each of these four bit shift registers is coupled to re-
ceive four bits of data on lines 30 from the RAM 23.
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The registers 36 and 37 receive a load signal on line 49
which causes the data on lines 30a through 30k to be
shifted into the registers. The fist stage of register 37
(Ig) is coupled to a multiplexer 33 by line 42. The third
stage of register 37 (I,) is also coupled to the multiplexer
38 by line 43. In a similar fashion, the first stage of the
register 36 (I) is coupled by line 44 to the multiplexer
38, and the third stage of this register (13) is also coupled
to the multiplexer 38 by line £5.

Line 44 is coupled to the fourth stage of register 36 in
order that four bits of data within register 36 may be
recirculated. (Registers 36 and 37 shift data from left to
right, that is, toward their first stage). The line 42 may
be selectively coupled to the fourth stage of register 37
through the muitiplexcr 40 in order that four bits of data
within register 37 may be recirculated. Line 44 may be
coupied through the muitipiexer 40 to the fourth stage
of the shift register 37. When this occurs, the shift regis-
ters 36 and 37 operate as a single eight bit shift register.

Control signals designated as even/odd X (line 47)
and upper/lower Y (line 48) are used to control multi-
plexer 38. During the color graphics mode the registers
36 and 37 operate as separate registers and data is alter-
nately selected for coupling to line 26 by multiplexer 38.
The upper/lower Y signal, during the color graphics
mode, allow selection of data from either register 36 or
37. The odd/evern X signa! then toggles the data from
the sclecied register by alternating selecting Ig or I; if
register 37 is selected, or I or I3 if register 36 is selected.

During the color graphics mode as presently imple-
mented, eight bits of color information are shifted (in
parallel) into the registers 36 and 37 frem the RAM 23
at a 1*Mhz rate. This data is recirculated within regis-
ters 36 and 37 at a rate of 14.31818Mhz by the clocking
signal received on line 33. The circulatior: of the data bit
within the registers 36 and 37 at this rate provides sig-
nals having a 3.58Mhz component and as will be de-
scribed, these signals may be readily employed for pro-
viding color signals for video display.

In the color graphics mode, as presently imple-
mented, each of the display characters is divided into an
upper and lower color reciangle. The RAM 23 provides
the four bits of color data for the upper rectangles to
registers 36 and for the lower rectangles to register 37.
This color data for the presently preferred embodiment
is coded as follows:

Red; 0001

Pink; 1011

Blue; 0010

Light Blue; 0111

Dark Green; 0100

Light Green; 1110

Brown; 1600

Yellow; 1101

Medium Violet; 0011

Medium Blue; 0110

Medium Green; 1100

Orange; 1001

White; 1111

Grey; 1010

Gray; 0101
When colors are coded in this manner and circulated at
the rate of 14.318Mhz in the registers, video color sig-

nals compatible with standard television receivers are 65

produced. The resultant signal for red is shown on line
71 of FIG. 4, iight blue on line 72, brown on line 73 and
gray on lines 74 and 75.

55

é

Briefly referririg again to FIG. 3, each count of the
horizoatal synchronization counter 63 corresponds to
3} cycles of the subcarrier reference signial. Thus, a 180°
phase shift occurs from character-to-character with
respect to the color subcarrier reference signal. This
means that the color signals must be shifted by 180° by
the generator of FIG. 2, or the coding for these signals
must be alternated for odd and even horizontal charac-
ter positions. In the presently preferred embodiment, a
180* phase shift for the color signals is obtained by
toggling between the first or third steges of the selected
registers. For example, assume that the lower portion of
a chuxacter is being displayed and that the color infor-
mation is thus contained within register 37. Further
assume that this information is being circulated, that is,
line 42 couples siage 4 to stage 1 through the multi-
plexer 49. For even horizontal character positions, as
indicated by the signal on line 47, the phase select multi-
plexer 38 couples the Iy signal to line 26. For the odd
positions, a 180° phase shift is obtained by seleciing the
I, signal.

During a second mode of operation the generator of
FIG. 2is used for providing high resolutior grephics. In
this case, eight bits of information are provided by the
RAM 23 to the registers 36 and 37. For this high resolu-
tion mode line 42 is coupled to the video line 2€ aad the
eight bits of data from RAM 23 are serially coupled to
the video line 26 at the 14.318Mhz rate. The muitiplexer
40 couples line 44 to the fourth stage of register 37 to
provide a single eight bit shift register. The resultant
signals are shown on lines 77 and 78 of FIG. 4. The
signals on lines 77 and 78 provide cither a green or
violet display. In the presently preferred embodiment,
data changes are emploved 1o obtain the compensation
provided by the multiplexer 38 during the color graph-
ics mode.

Thus, a microcomputer has been disclosed which is
particularly suitable for controlling a color video dis-
pley. The unique timing means provides well defined
verticel color lines without complicated programming
changes while allowiag the generation of horizortal
synchronization signals at close to the standard rate.
The unique video generator allows the zeneration of
color signals directly from digital signals without the
complex circuitry often employed in the prior art.

I claim:

1. In a microcomputer for use with a video display an
improved timing apparatus comprising:

a timing reference means for providing a color refer-

ence signal for said video display;

a horizontal synchronization means for providing
horizontal synchronization signals for said display,
said synchronization means coupled to said timing
reference means for synchronization with said ref-
erence means such that said synchronization sig-
nals occur at an odd-submultiple of said color refer-

ence signal;

60 timing compensation means coupled o said timing

reference means and said horizontal synchroniza-
tion means for adjustiag seid horizontal synchroni-
zation signals such that said horizontal synchroni-
zation signais are in phase relationship with said
color reference signal;

whereby the color graphics o a raster scanned cath-
ode ray tube are sharp!y defined in the vertical
direction.
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2. The apparatus defined by claim 1 wherein said
horizontal synchronization means comprises a digital
counter.

3. The apparatus dcfined by claim 2 wherein said
timing compensation means periodically delays count-
ing in said counter.

4. The apparatus defined by claim 3 wherein said
color refeisnce signal it an approximately 3.58Mhz
signal and said hovizontal syachronization signals occur
at a frequency of approximately 15,734Hz.

§. In a microcomputer for use with a video display an
improved timing apparatus comprising:

a horizontal synchronization counter;

a timing reference means for synchrouizing szid
counier and for providing a coior reference signal,
said reference signal frequency being an odd-mutti-
ple greater than the rate at which counting occurs
in said counter;

s
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8
delay means for delaying counting in said counter
when the count in said counter reaches a predeter-
mined count, said delay means coupled to said
horizontal synchrorization counter and said timing
reference means;

whereby weil-defined color graphics may be readily

stored and displayed on said video display.

6. The apparatus defined by claira 8 including a digi-
tal divider for dividing by an odd-integer coupled be-
tween said reference means and said counter.

7. The apparatus defined by ciaim § wherein said
digita! divider includes a shift register counter and
wherein the loading of digital signals in said register
counter is interrupted when said predetermined count is
reached.

8. The apparatus defined by claim 7 wherein said
color reference signal is an approximately 3.58Mhz
signal! and said predatermined count is reached at 2

frequency of approximately 15,734Hz.
@ & & @ ¢

“APPLE_PAT 4 136 359 07”100 KB 2000-02-21 dpi: 300h x 300v pix: 1895h x 2799v
Page 0013 of 0515 |

| David T Craig * 21 February 2004




Apple Computer Selected Patents

364,200, 900; 3€0/69, 71, 78, 135

United States Patent n9) [ 4,210,959
Wozniak [45) Jul, 1, 1980
[54) CONTROLLER FOR MAGNETIC DISC, 4,096,579 6/1978  Black et al. cvcrvennccsssscsienins 364/900
RECORDER,OF T LI: T e —
, 148, reight et al. ..ocevenineene
[75] Inventor: Stephen G. Wozniak, San Jose, Calif. N '
. . Primary Examiner—Mark E. Nusbaum
[73] Assignee: é:ﬂ.e Computer, Inc., Cupertino, Attorney, Agent, or Firm—Blakely, Sokolof, Taylor &
- Zafman '
[21] Appl No.: 904,420 (57 cr
[22]  Filed: May 10.. 1978 A controller for interfacing between a digital computer
[5]] Int. Cl.2 ......................... G“F 13/08; GO6F 3/% md a magnetic disc rccorder' Such asa "ﬂoppy" dlsc’ or
(52] U..S. L o TR .364/ 200; 360/.78 other recorder or memory is disclosed. The controller,
[58] Field of Search ... 364/200 MS File, 900 MS File,  hich permits accessing of the disc with minimum con-

trol by the computer, is reslized with relatively few
components and is particularly suited for interfacing

“APPLE_PAT 4 210 959 01" 148 KB 2000-02-21 dpi: 300h x 300v pix: 1882h x 2543v

[56] Razferences Cited
US. PATENT DOCUMENTS between a microcomputer and a “minifloppy”. Track
- ) selection with a computed velocity profile is employed.
igg&z g; }Z;g E"a:ssezt";‘ -------------------------- ;g‘:g&g Synchronization with a soft sectored disc is achieved
3.987.419 1071976  MOTill €t &b weoerrvcrcrronse 364s200 Vithout additional hardware.
3,990,055 11/1976 Hendersonet al. ... 364/200
4,080,651 3/1978 Cronshaw et al. ..ccccorecveniene 364/200 14 Claims, 6 Drawing Figures
P74 L ES
70 L4C
p 2y #lle
)Y
‘J Moo£ Sexecr CavTROLLER
4{ 47\_( SexECT
{ _'_;’_1 70 l i 60 é, ‘ 3
COVTRALL ER I
s&ascr SeerasSuenld L & CavrROLLE (Sevecrion) ZP;?/
5 ST REEISTER LOGrC AMD j4 LATTHES Sevécr
47 TANe  MEANS —d2~ AoT0R
AMPS
27
e A 28
Daza Bus i 10
JF—-’,S A
V) 53 4 I~ /'19
ComPUTER ) 14
S 7 ' T
Aooesss 8
Bus o\ .Rj 50\/‘ 52)
r
Ao rae
Boo 757842 . ~ FIAER
ARSI OR Y
i sl
LK F\————
20 (5]
LHaBLE '

| David T Craig * 21 February 2004

Page 0014 of 0515 |




Apple Computer Selected Patents

4,210,959

Jul. 1, 1980 Sheet 1 of 4

U.S. Patent

.Nn\l.

€

HFTLNTNQD
TLULIS/T

F &Nu\.
XN OSNT A0S
' |}
1°(4
L2
. Y )
Sty U = : Y257
L7 YOV, \ 7 YO (77,4
— oy 4 ~TU=—~ g .
JasLon
ONIF7LS - ! vm
L27TO- Y ee Sy XF Y IONXLNOD
77 74
Sovp ViY/a4
FLsS TRy ) A
B b9 outveryy WA N
mow
Vm.u h vlw 7g9bN7 Sl
Of" oo w/ ! T
9¢ Ll

MS L2 LI

)

9l

pix: 1760h x 2689v

Page 0015 of 0515

S

“APPLE_PAT 4 210 959 02”117 KB 2000-02-21 dpi: 300h x 300v

e 21 February 2004

David T Craig

\




Apple Computer Selected Patents

4,210,959

Jul. 1, 1980 Sheet 2 of 4

U.S. Patent

TIPS
6~ oz Z o,
‘ X7
[~ o>
Aoy
AW\:VM\W\...\ ) TS L DOS
e Sewuoy
: 7 <
. vl e HLLRAHOD
S N P li 1 \ <> «
o o—1 | p7e) = NC L
z LK 7
Sy
Loy ~Zb— SWEWY oy
L i A4
\XWv.NMNmJ STMUBY be o o0y ; AUV LK {
o/ tM‘ V0L 775) STIIUND> 9 27V T ITS %N.wwu.\v&w
of 9 Tnvt 0ALLINDD
S¢ 09 i oL
L } )
LOF7 7S L ob
T 70UNC) {
LO7XTO FOY v w
9| e AP
o os

Sy Kby

pix: 1827h x 2964v

J

Page 0016 of 0515

“APPLE_PAT 4 210 959 03”150 KB 2000-02-21 dpi: 300h x 300v

David T Craig * 21 February 2004

\




Apple Computer Selected Patents

4,210,959

Jul. 1, 1980 Sheet 3 of 4

U.S. Patent

MUZLIG

aroy iy [/

TZ7

00/
- _
4 L9\ iner

61

oMY

(SHByy O/907 )
(60€9) prooy

SUNASLPO

@) 109  Of
- (74174
UYLy

JUy IS /0

59 ovZy 00

) —A— L2772 FOHY

C5 Iv TS
zr o1 gt v

24

Lln e

€l

| e T

A
&L

c$ (€2€S71L)

6l | 6 8

AT027(7 €

NTLS/OZY _LAIHS eor

0 1" ey S rress ¢l

)

N

el

A7

pix: 1827h x 2823v

Page 0017 of 0515

J

“APPLE_PAT 4 210 959 04”159 KB 2000-02-21 dpi: 300h x 300v

David T Craig * 21 February 2004

\




Apple Computer Selected Patents

4,210,959

Jul. 1, 1980 Sheet 4 of 4

U.S. Patent

pix: 1809 x 2921v

Page 0018 of 0515

J

9 brs :
(SHSW d0f Loy [ =S21F YO0%)) Lowers Tk
oo |xom| Cg |ywow| 4o || % \wow| ‘o |wop| fo |\ xop| So Lywop| Lo oo 2
Y Y m
Bl % TGN m
o
%)
lrei o] 74 XS SSTUTY Lomoes IRUBS N
A A
.~m7 \ — _Mrm_
P oL o) y
o g | 2z | o | wis| w2 | Sop |\ o5 | var | 7g | o | m | oS | avo %
. a7 for
MY G 7 A Y A PR S oL
e o 99 <o PO ¢ 20 19 00 6
@7 INVAS -L7TS
/ O_—_.-_nw__Oqu.___1qo______-—O-____-4ﬁc_—______Oﬂ____~_. TrTTrrtrr 1 T
wy O I
; I |
] 4
TINTOY IMES .._ _ 7 oL

LB LAWY LY LTSy LIS
LR, TNy O LSV

David T Craig * 21 February 2004

\




Apple Computer Selected Patents

BACKGROUND CF THE INVENTION

1. Field of the Invention

The inveation relates to the field of controllers, par-
ticularly controllers for imerfacing between a digital
computer and a msgnetic recorder such as a floppy disc
or other memories.

2. Prior Art

Numerous controllers are commercially available for
interfacing between digital computers and magnetic
disc recorders such as the commonly employed floppy
disc recorders. These discs include a plurality of end-
less, concentric tracks used for storing digital data. The
controller typically accepts data in parallel form from
the computer and provides the data in serial form to the
recorder. Serialized data from the recorder is converted
to parallel form for the computer. Controllers perform
other functions such as track selection and synchroniza-
tion.

Commercially available controllers, particularly
those for floppy disc recorders, are generally complex
and expensive. Because of their cost, they do not lend
themselves to the consumer field (e.g., hobby and home
uses) or small business use. As will be seen, with the
present invention a relatively simple, inexpensive con-
troller is described which is suitable for consumer and
small business applications. However, the principles
employed in the described controller are applicable to
larger, more elaborate systems.

Ofter disc controllers provide track selection signals
to the recorder. These signals control a stepping motor

the motor is stepped from track-to-track, consider2bie
time is lost in selecting non-adjacent tracks. In the prior
art, complex means are used to allow the stepping
motor to accelerate and decelerate to and from higher
speeds when selecting tracks which are separated from
one another by some distance. With the present inven-
tion, a computed velocity profile is easily implemented,
thus allowing rapid selection of non-adjacent tracks.

When a track is selected, synchronization between
the controller/computer and the data recorded on the
track is necessary. In some cases, permanent markers,
such as holes, are included with each track to provide a
fixed reference point. In “soft-sectored” discs, perma-
nent markers are not used. These discs provide wider
flexibility since the user is able to format the disc to a
particular application. Somewhat intricate hardware is
used to provide synchronization with these soft-sec-
tored discs. A method is described in this application
which provides rapid synchronization for soft-sectored
discs.

BRIEF DESCRIPTION OF THE INVENTION

An interfacing means for interfacing between a digi-
tal computer and a magnetic disc recorder, such as a
floppy disc or other memories, is described. A serial/-
parallel register is employed for communicating with
the computer on the data bus. A logic means, which
may be a read-only memory, receives input signals (ad-
dresses) and provides output signals in response thereto.
The logic means is controlled by a timing means which
received a synchronization signal from the computer.
Dutnut gignale from the logic means are coepled to the
register and to the timing means. Input signals to the
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1 2
logic means (address signals) are received from the
CONTROLLER FOR MAGNETIC DISC, timing means, recorder and resister. Thus, some of the
RECORDER, OR THE LIKE output signals from the logic means are used as address

signals for selecting the next output from the logic
mezns.

A method is described for synchronizing an n-bit
digital register from the recorder. A synchronization
field which comprises a plurality of codes, each having
n-bits of one binary state and at least one bit of the other
binary state, is coupled to the register. The register is
automatically reset each time a bit of the one binary
state is moved into the n* stage of the register. With this
synchronization field, the register automatically be-
comes synchronized with the codes and words.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the controller of the present inven-
tion interfacing between a digital computer and a disc
driver (recorder).

FIG. 2 is a block diagram of the controller of this
present invention.

FIG. 3 is a detailed block diagram of the controller
logic and timing means shown in FIG. 2.

FIG. 4 is a graph of the synchrpnization field used to
synchronize a register with recorded data.

FIG. § is a graph illustrating the format for each
sector of each track, in the presently preferred embodi-
ment.

FIG. 6 is a graph illustrating the byt format em-
ployed in the presently preferred embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

A controller for providing an interface between a
digita! computer and a magnetic disc recorder or other
memory means is described. While the following de-
scription is directed towards a floppy disc recorder, the
invented concepts may be employed with other mem-
cry means, particularly where data is recorded in serial
form such as in a charge-coupled device (CCD), bubble
memory, etc. In the following description, numerous
specific details are set forth such as specific word
lengths, etc., to provide a thorough understanding of
the present invention. However, it will be obvious to
one skilled in the art that the present iitvention may be
practiced without these specific details. In other in-
stances, well-known circuits have been shown in block
diagram form. in order not to obscure the present inven-
tion in unnecessary detail.

In the presently preferred embodiment, the described
controlier and method of synchronization are employed
to provide an interface between a microcomputer and a
minifloppy disc recorder. The controller is particularly
suited for use in the consumer field such as for home,
hobby or small business use. In particular, the presently
preferred embodiment of the controller is employed to
provide an interface between an APPLE-2 computer,
manufactured by Apple Computer, Inc. of Cupertino,
Calif. and a SHUGART drive, Part No. SA-400, SA-
390 or equivalent.

Referring first to FIG. 1, the magnetic disc controller
of the present invention, shown as controller 12, inter-
faces between a digital computer 15 and a disc driver
16. The digital computer 15 is coupled to the controller
through a data bus 13 and through an address bus 14.
The controller 12 is coupled to the driver 16 through a
plurality of control and data lines. The selection of the
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track is controlled through the signals on lines 25, 26, 27
and 28, which are coupled to the four phases of the
track-select stepping motor 33 through the track-select
motor amplifiers 32. The motor 33 and amplifier 32 are
ordinary components commonly employed in disc driv-
ers.

A data signal for recording data onto the disc 30 is
coupled to the driver 16 through a line 64 which com-
municates with the head 34 through the read/write
amplifiers 31. Data read from the disc 30 is coupled
through the amplifiers 31 to the controller 12 via line 22.
The head 34 is moved by the stepping motor 33 to the
desired, track on the disc 30. Enabling signals to control
the driver 16 are coupled to the driver from the control-
ler 12 via lines 19 and 20. A write protect switch 36
couples a signal 17 to the controller 12 when there is an
indication within the driver that the information on a
particular disc is not to be erased. This is a common
signal employed with numerous disc drivers.

Before describing the controller in detail, the byte
format employed in the presently preferred embodi-
ment should be described since it will enable a better
understanding of the controller. As shown in FIG. 6,
the byte format consists of 8-bit nibbles. Each nibble
consists of four data bits and four clock bits; two nibbles
are required to store a byte of data. The clock bits are
always binary ones. Thus, two consecutive binary zeros
never occur in a normal data field; however, two con-
secutive binary zeros are employed for markers, as will
be described. A nibble does naot include either the more
significant bits or the least significant bits; rather, the
odd aata bits, D, D3, Ds and D3, are included in one
nibble and the even data bits, Do, D3, D4 and Ds, are
included in the other nibble. By distributing the data bits
in this manner, merging of the two nibbles into a stan-
dard byte is much easier. Note that if the nibbles are in
parallel registers, a shift in one direction by one stage
ailows merger of the two nibbles into a single byte.

Referring now to FIG. 2, the main portions of the
controller 12 of FIG. 1 comprise a serial/parallel shift
register 40, a controller logic and timing means 24 and
latches 42. The controller logic and timing means 24 is
shown in its presently preferred embodiment in FIG. 3.
The latches 42, which are ordinary digital latches, store
data for selecting modes cf operation, tracks on the disc
and other control signals, as will be explained in greater
detail. Also shown in FIG. 2 are a motor timer means 52
and a bootstrap memory 45.

The controller of FIG. 2, which is coupled to the
computer via the data bus 13 and the address bus 14,
receives a clocking signal at one input terminal of the
NAND gate 51 from the computer. A controller-select
signal on line 47 is coupled to the register 40 and latches
42 to indicate that the controller has been selected for
operation by the computer. Other well-known control
signals and lines such as those associated with power
supplies are not shown in FIG. 2.

The controiler of FIG. 2 is coupled to the recorder
through the lines 25, 26, 27 and 28, which are also
shown in FIG. 1. The enable signals on lines 19 and 20,
the data lines 22 and 64, and the write protect switch
signal on line 17 are also shown in FIG. 2.

The serial/paral'el shift register 40 is an ordinary
digital register for receiving 8-bit words, in parallel,
from bus 13 and from shifting this data, serially, onto
line 63 during the writing/reading mode. During the
reading mode, data is serially shifted into the register 40
and then removed, in parallel, onto bus 13. The register
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40 is controlled by signals coupled to the register on
lines 70, 71, 72 and 73. These lines originate in the logic
and timing means 24. During the rezding mode, as will
be described, the data shifted into the register is con-
trolled by signals on these lines. During the reading
mode, the register 40 is automatically cleared when its
n'* stage (8th stage) contains a binary one. Note that
with the byte format of FIG. 6, the first bit of each
nibble is always a binary one (clock bit). In the record-
ing mode, data is shifted into the register 40 from right
to left. The register 40 is also able to shift data from
right to left; this is done, as will be described in greater
detail, to sense the signal on line 17.

While in the presently preferred embodiment an 8-bit
register 40 is employed, a 16-bit register or twc 8-bit
registers may be coupled in series to allow the transfer
of 16-bit words to an appropriate bus.

The bootstrap memory 45, which is coupled to the
address bus 14 and the data bus 13, may be a read-only
memory such as a PROM. In the presently preferred
embodiment, this optionally employed bootstrap mem-
ory is a 256-byte memory used to set initial corditions
for operating the system software. The memory may be
employed for the reading of operating systems from the
disc, or like functions.

The controller logic and timing means 24 is able to
sense if the disc is up to speed and provides a signal on
line 53 so indicating. This signal through timer 52 and
NAND gate 51 prevents the clocking signals from
being coupled to line 50 uniess the disc is up to speed.
The motor timer 52 controls the disc drive motor of the
recorder via a signal on line 20. After data is written or
read, the timer 52 prevents the disc motor from stop-
ping for a predetermined period of time (e.g., ten sec-
onds). Note that without this timer a considerable
amount of time would be required to wait for the disc to
be brought up to speed. The signals on lines 18 and 19,
which are stored witiiin the latches 42, are used to en-
able the recorder, including it: disc motor.

In the presently preferred embodiment, the latches 42
consist of eight latches which act as a storage means and
decoding means. Four lines of the address bus 14 are
coupled to the latches 42. Three of these lines are used
to select one of the eight latches and the remaining line
is used to furnish data (binary one or zero) to the se-
lected latch. In this manner, 8-bits of data are loaded
into the latches 42. Four of these data bits are used to
control the four phases of the track-select motor 33
(FIG. 1); these bits are coupled to the recorder on lines
25 through 28. Two of these data bits are coupled to
lines 18 and 19 for generation of the enabling signals for
the recorder. The remaining two bits are coupled to
lines 60 and 61 as will be described in greater detail in
conjunction with FIG. 3 to select a mode of operation
for the controller.

In typical operation, the computer through the con-
troller of F1G. 2 senses the position of the head (current
track) over the disc. Specifically, the track number
which is read by the head is coupled to the computer
through the register 40. The computer is able to com-
pute the ideal velocity profile for moving the head to
the desired track from the current track with a rela-
tively simple algorithm. Since all four phases of the
stepping motor 33 are controlled thrcugh the latches 42,
rapid acceleration and deceleration, and higher rates of
rotation, are obtainable when compared to stepping the
motor from track-to-track.
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To achieve an efficient velocity profile for a stepping
motor, the prior art often rescrted to relatively complex
hardware. W ith the latches 42 and its coupling to the
computer through the address bus, an ideal velocity
profile may be quickly and efficiently computed with-
out such hardware.

In FIG. 3, the register 40 and the data bus 13 are
again shown. The controller logic and timing means 24
of FIG. 2 comprises a logic means 48 and a timing
means 43. The logic means 48 may be any logic means
adaptable for receiving input signals and for providing
predetermined output signals in response thereto. Thus,
ordinary logic gates or other known logic arrays may
be used. In the presently preferred embodiment, a read-
only memory, specifically a PROM, is employed. The
timing means, in the presently preferred embodiment,
comprises four (4) latches which are controlled by the
clocking signal, line 50.

The logic means (PROM) 48, in the presently pre-
ferred embodiment, comprises a 256-byte memory
which provides an 8-bit output on lines 70 through 77
for each 8-bit address received on lines 60 through 67.
The specific functions controlled by the PROM shall be
discussed below. The specific program stored within
the PROM 48 for the currently preferred embodiment is
shown in TABLE 1.

Two of the ad-*ress signals to the PROM 48 are cou-
pled from the latches 42 of FIG. 2 on lines 60 and 61.
These signals select the four possible modes of opera-
tion; specifically, read (00), sense write protect/write
initialize (01), write (10) and write load (11). Another
input to the PROM 48, line 62, is the signal sensed by
the recorder head which is coupled to the controller on
line 22. An ordinary edge detector 77 is used for detect-
ing the edge of this signal and for providing a binary
signal on line 62. The input signal on line 63 is the serial
output from the register 40. The remaining four address
signals to the PROM 48, lines 64, 65, 66 and 67 are
output signals from the latches 43.

As is apparent from FIG. 3, four of the eight bits of
output from the PROM 48 provide address signals for
the PROM. The signais on lines 75 through 77 provide
input address signals for lines 63 through 67. One of
these lines, line 64, also provides the recording signal
for recording data onto the disc.

Assume that the controller is in the reading mode as
determined by the 00 signal applied to the PROM 48 on
lines 60 and 61. The latches 43 operate at twice the
cycle rate of the microprocessor which corresponds to
a rate eight times faster than the bit cell disc rate; thus
the latches continually release address signals to the
PROM. Initially, the register 40 is empty (all zeros). In
the presently preferred embodiment, if a transition oc-
curs on line 62 in 11 or fewer of such latch cycles, a
binary one is recognized and the PROM provides an
output on lines 70, 71, 72 and 73 which, after decoding
by the decoder 40a, shifts a binary one in the first stage
of the register 40. If twelve such cycles occur without a
transition, a zero is shifted into the register 40. (As will
be described later, if the first bit is a zero it will be
skipped). This continues until the register is full. Count-
ing effectively occurs by the repeated addressing of the
PROM as the signals pass through the latches 43.

The computer senses a full register by polling the
data bus and by specifically determining if a binary one
is in the n’* stage of the register. As mentioned, the first
bit of each nibble is always a binary one. When the
register is full, the computer removes the data through
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the data bus 13 and the register 40 is cleared. In the
interim, the PROM 48 waits for a binary cne and the
following bit. Then it writes this binary one and the next
binary bit into the register 40. The temporary delay of
shifting into the register is necessary to provide ample
time for the computer to withdraw the contents of the
register 40. When a full register occurs, if the first bit
sensed by the PROM is a zero, it is effectively skipped,
although shifting a zero inio the empty register would
not affect the operation of the device. In this manner,
nibble after nibble is read from the disc, shifted serially
into the register 40 and then removed in parallel onto
the data bus 13. The PROM 48 provides the logic to
insure the shifting of the correct binary bits into the
register 40 as a function of the signal on line 22, which
is coupled to the PROM on line 62.

In the recording (writing) mode, the mode select
signal (10) is applied to the PROM 48 or lines 60 and 61.
(Previously, each nibble is shifted into the register 40, in
parallel, from the computer during the write load mode
(11).) Every eight clock cycles, the signals on lines 70
through 73 cause the regisier 40 to shift its contents to
the right by one stage. For each such shift, the next bit
in the register is coupled to line 63. The signal on line 63
determines the ottput signal from the PROM, and par-
ticularly, the signal on line 74 which is coupled to the
recorder via line 64 zafter passing through latches 43.
Each of the 8-bits are thus shifted from the register 40
and supplied to the recorder.

In the presently preferred embodiment, the mode
select signals change to 11 for the loading of the register
49 from the data bus 13. Note that this is not necessary,
and that the computer could directly communicate with
the register 40 for purposes of loading data into the
register.

During the sense write protect/write initialize mode,
the signal on line 17 is shifted to the left by the register
40 and sensed by the computer. In this manner, the
computer can determine if the particular disc on the
recorder should not be written onto and provide an
appropriate indication to the operator. Other data or
signals may be transmitted on line 17 where appropri-
ate.

As mentioned, in the presently preferred embodi-
ment, a soft-sectored disc is employed. When the re-
corder is first selected, signals from the disc are coupled
through lines 22 and 62 to the PROM 48 (reading
mode). These are shifted into the register 40. Ore prob-
lem with a soft-sectored disc is that there is no immedi-
ate way of determining where in a nibble reading first
occurred. Some means or method must be provided to
align or synchronize the shifting of the data into the
register 40 with the nibbles recorded on the disc.

Referring to FIG. 4, a self-synchronizing field of
coded words are employed to provide synchronization.
Each word consists of eight binary ones followed by a
binary zero. This self-synchronization field, in a more
general form, consists of n-binary ones where n corre-
sponds to the number of stages in the register followed
by at least one binary zero. As will be seen with these
n+ 1 codes, the register 40 resets with every n bits until
the first bit is a binary zero. Then the register resets with
every n+1 bits.

Referring to FIG. 4, assume that the disc includes the
above-described synchronization field. Assume further
that reading begins where indicated by the start line.
This first binary cne is shifted into the register 40 of
FIG. 3. Eight bits later the first reset occurs and the .
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register automatically clears since a binary one is in the
n'h stage. Following this, eight bits later, the second
reset occurs. The third reset occurs eight bits later as
indicated in FIG. 4, and finally, the fourth reset occurs.
(When the fourth reset occurs, a binary zero is in the
first stage of the register.) From the next bit forward the
register will automatically clear every n-+1 bits later,
and thus the register will be completely cleared when
the address maker (AM)) reaches the register. Likewise,
if reading begins before the synchronization field, syn-
chronization will be achieved before the end of the
field.

In the presently preferred embodiment, each of the
tracks is divided into 11 sectors; one such sector is
shown in FIG. 5. Each sector includes gaps, such as gap
79, to compensate for variations in the disc rate, since
the disc is not always driven precisely at the same rate
of rotation.

Following the gap 79, there is a synchronization field
80 whick corresponds to the field shown in FIG. 4.
While in theory only 8 codes of n binary ones and 2
binary zero are required to synchironize the register,
eleven such codes are used within the synchronization
field 80 to assure synchronizaticn.

Following the synchronizaticn field, the address
marker identified as AM; appears on the track. This
marker is used to indicate that an address follows. In the
presently preferred embodiment, two consccutive ad-
dress markers are employed as shown by AM; and
AM;. The address markers are distinct and immediately
recognized by the computer. As previously mentioned
with the normal data field and other information on the
disc, every other bit is a clock bit (binary one). Thus,
two binary zeros do not occur in succession. However,
each marker includes both a missing clock bit and data
bit. If reading beings in the middle of a data nibble, only
a data bit or a clock bit may be missing, but not both.
Thus, the computer cannot mistake data or other infor-
mation for markers.

After the computer senses the address markers, it
then knows that address information fcilows. Three
words consisting of a volume number, a track number
and a sector number (shown as words 81, 82 and 83,
respectively) are read from the discs to provide an ad-
dress. Following the sector number, an error check is
made on the volume, track and sector numbers. In the
presently preferred embodiment, an exclusive ORing of
these three numbers is employed and checked with the
error check word 84. A third address marker, AM3, is
used in the presently preferred embodiment to close the
address field.

Next the data field begins, starting with a gap 85.
Following the gap 85, synchronization is again required
and thus a synchronization field, such as the field 80, is
repeated. Two data markers 86 and 87 are used to intro-
duce the stored data 88. In the presently preferred em-
bodiment, 256 8-bit words (256 nibbles) are stored
within data 88. Then an error check is made.

No matter where reading begins within the address
field or data field of FIG. 5, synchronization is achieved
before the computer accepts data. The computer will
not accept any data (including addresses) unless it is
preceded by a recognized marker. To recognize a
marker, the marker must e properly aligned within the
stages of the register 40.

By way of example, if reading begins in the middle of
the volume number, the data corresponding to this
number, the track number, sector number and error
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check will be serially moved through the register. The
marker AM3 will not be recognized since synchroniza-
tion has not yet occurred. Following the gap &5 a syn-
chronization field is reached and synchronization oc-
curs. Then the data field marzers DM; and DM are
recognized. However, since they were not preceded by
an appropriate address marker, the data which followed
is ignored. After a gap (corresponding to gap 79), a
synchronization field (corresponcing to synchroniza-
tion field 80) is reached, and synchronization occurs.
The markers AM; and AM; are recognized allowing
the identification of the volume, track and sector. Then
the data stored within that volume, track and sector will
be read, if required.

Thus, a controller for interfacing between & digital
computer and a recorder, or the like, has been de-
scribed. A minimum of hardware is required to fabri-
cate the controller. Synchronization with a soft-sec-
tored disc is achieved without additonal hardwaze by
reading a predetermined self-synchronization field from
the disc.

TABLE1

C100- DA oD 18 38 OA OA O0A 0A
C708- 18 39 18 39 18 3B 18 3B
c1i0- 18 38 08 38 OA ©OA O0A 0A
Chs- 18 39 18 - 39 18 3B 18 3B
Ccn20- OD oD 28 48 0OA OA OA DOA
C728- 28 48 28 48 28 43 28 48

C130- 28 48 28 48 0OA OA OA OA
C738- 28 43 28 48 28 48 28 48

C140- 0D 0D 58 C8 OA OA OA OA
C748- 58 8 58 i3 58 8 58 78

C750- 58 78 58 78 OA OA OA OA
C758- S8 78 58 8 58 78 58 8

C16C- OD oD Cc8 C8 OA OA OA OA
C768- 68 08 68 88 63 08 68 88

C770- 68 88 68 88 OA OA OA OA
C778- 68 (23 68 88 [ 08 68 88

C780- OD CcDh C3 Cc8 VA O0A O0A OA
C188- 98 B9 98 B9 98 BB 98 BB
C190- 98 BD 98 B8 OA OA OA OA
C798- 98 B9 98 B9 98 BB 98 BB
C7A0- OD D9 C8 C8 OA OA OA OA
C7A8- A8 (o] A8 C8 A8 C8 A8 C8
CIBO- O9 39 A8 AD OA CA OA OA
C7B8- A8 C8 A8 C8 A8 C8 A8 C8
Ci1CO- D9 FD D38 F8 OA OA OA OA
C1C8- D8 F§ . D8 F8 D8 F8 D8 F8
CIDO- D9 FD D8 F§ OA OA OA OA
C1D8- D8 F8 D8 F8 D8 F8 D8 F8

CTEO- 1D DD E8 EO OA OA OA OA
CIE8- ES8 88 E8 08 E8 88 E8 Ot
CIFO- 1D 6D E8 EO OA OA OA OA
CIF8- E8 88 E8 08 E8 88 E8 O8
*

I claim:

1. An interfacing means for interfacing between 2a
digital computer and storage device such as a magnetic
disc recorder, comprising:

register means having a plurality of parallel input-

/output lines for coupling to said computer and a
serial input/output line for coupling to said storage
device, said register means also having a control
means having a plurality of register control lines
for controlling transfer of data to and from said
register means;

latch means having a plurality of latch input lines and

a plurality of latch output lines, said latch means
for controlling the flow of digital signals between
latch input lines and latch output lines in response
to a timing signal, -

clock means for generating said timing signal,
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read-only memory means having an address means
with a plurality of address input lines, and a plural-
ity of data output lines, said read-only memory
means for receiving input signals on said address
input lines and for providing predetermined output
signals on said data ouiput lines in responsc thereto;

a portion of said read-oialy memory means data out-

put lines being coupled to said register control
means via said register control lines for controlling
data flow to and from said register, another portion
of said read-only memory means data output lines
being coupled to said latch means input lines, said
latch means output lines being coupled to said ad-
dressing means via a portion of said read-only
memory means address lines for providing a por-
tion of an address thereto such that some of said
output signals from said read-only memory means
are employed as next address signals to said read-
only memory means in response to said timing
signal; ’

said interfacing means further inciuding means for

coupling the addressing means via another portion
of said read-only memory- means address lines to
said computer whereby said computer may com-
municate with said storage device through said
interfacing means.

2. The interfacing means defired by claim 1 including
storage means for receiving digital signals from said
computer and for providing control signals to said stor-
age device for controlling track selection, said stcrage
means being coupled to said computer and said storage
device.

3. The interfacing means defined by claim 2 wherein
said means for coupling the addressing means via a
portion of said read-only memory address lines to said
computer comprises said storage means.

4. The interfacing means defined by claim 3 wherein
said input signal to said read-only memory means from
said storage means is used to select a reading mode or a
recording mode.

S. The interfacing means defined by claim 4 wherein
said storage means comprises digital latches.

6. The interfacing means defined by claim 5§ wherein
said computer has an address bus and a data bus and
wherein said ditigal latches arc coupled to said address
bus of said computer.

7. The interfacing means defined by claim 1 wherein
at least one of said output signals from said read-only
memory means is coupled to said storage device to
provide a signal for a writing mode.

8. The interfacing means defined by claim 7 wherein
said register means serially provides a digital signal on
said serial input/output line as one of said address inputs
to said read-only memory means during said writing
mode.

9. The interfacing means defined by claim 8 wherein
said output signals from said read-only memory means
controls the serial loading of a digital work into said
register means during a reading mode.

10. The interfacing means defined by claim 1 wherein
said register means receives digital words in parallel
form from said computer and serially couples said
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11. The interfacing nieans of claim 1 wherein sud
several input/output line of said register means is cou-
pled to said recorder through said latch means and said
read-only memory means.

12. An interfacing means for interfacing between a
digital computer and storage device such as a magnetic
disc recorder, comprising:

register means having a plurality of parallel input-

/output lines for coupling to said computer and a
serial input/output line for coupling to said storage
device, said register means also having a control
means having a plurality of register control lines
for controlling transfer of data to and from said
register means;

latch means having a plurality of latch input lines and

a plurality of latch output lines, said latch means
for controlling the flow of digital signals between
latch input lines and latch output lines in response
to a timing signal;

clock means for generating said timing signal;

read-only memory means having an address means

with a plurality of address input lines, and a plural-
ity of data output lines, said read-only memory
means for receiving input signals on said address
input lines apd for providing predetermined output
signals on said data output lines in response thereto;

a portion of said read-only memory means data out-

put lines being coupled to said register control
means via said register control lines for controlling
data flow to and from said register, another portion
of said read-only memory means data output lines
being coupled to said latch means input lines, said
latch means output lines being coupled to said ad-
dressing means via a portion of said read-only
memory means address lines for providing a por-
tion of an address thereto such that some of said
output signals from said read-only memory means
are cmployed as next address signals to said read-
only memory means in response to said timing
signal,

said interfacing means further including means for

coupling the addressing means via another portion
of said read-only memory means address lines to
said computer, said read-only memory means being
coupled to receive a data signal from said storage
device as an address input on one of said address
input lines during reading of data, said read-only
memory means being coupled to said serial input-
/output line of said register means to receive a data
signal from said register means as an address input
on another of said address input lines, and one of
said read-only memory data output lines being
coupled to said storage device to provide a data
signal thereto during recording of data, whereby
said computer may communicate with said storage
device through said interfacing means.

13. The interfacing means defined by claim 12
wherein said control signal for said latching means com-
prises a synchronization signal from said computer.

14. The interfacing means defined by claim 12 includ-
ing storage means coupled to said computer, said read-
only memory means and said storage device for receiv-
ing signals from said computer for controlling track
selection by said storage device and for selecting said

words to said read-only memory means during a writing 65 recording or reading of data.
»

mode.
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{s4] APPARATUS FOR DIGITALLY (56] References Clted

CONTROLLING PAL COLOR DISPLAY U.S. PATENT DOCUMENTS
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[75) Inventor: Stepben G, Wozniak, San Jose, Calif. 3936868 271976 THOIPE mmrer, 3587183
. ) Primary Examiner—Richard Murray
(73] Assignee: Apple Compater, Inc., Cupertino, Attorney, Agent, or Firm—Blakely, Sokoloff, Taylor &
Calif. . Zafman
[57] ABSTRACT

21}
2]

{s1]
(52}

(58]

Appl. No.: 941,032 o ) .
An spparatus for digitally controlling the display of

color in a phase altzrnation line (PAL) video display is

Filed: Sep. 11, 1978 disclosed. Coded digital signals are shifted in a recircu-
lating shift register. The direction of shifting in the
Int. CL2 : HO4N 9738  regisier and the stage at which the signals in the register
Uus. Q. 358/16; 358/82; are sensed are changed as a function of odd/even dis-
358/183 play lines to compensate for PAL phase reversals.
Ficld of Search ... 358/16, 17, 81, 82,
358/183 12 Claims, 6 Drawing Figures
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With the reduced costs of large scale integrated cir-
cuits, it has become possible to provide low cost mi-
crocomputers suitable for home use. One such vse
which has flourished in recent years is the application of
microcomputers L0 video displays for games, graphic
displays and the like. Most often an ordinary television
receiver is employed as the video display means. The
standard, raster scanned cathode ray tubes employed in
these receivers present unique problems in the intercon-
necting of these displays with the digital information
provided by the microcomputer.

These rcceivers are designed to operate with one or
more standard video broadcasting schemes such as
PAL. In copending application Ser. No. now U.S. Pat.
No. 4,136,359 786,197, filed Apr. 11, 1977, entitled “Mi-
crocomputer For Use With Video Display”, and as-
signed to the assignee of this application, a digitally
controlled display is described. This earlier filed appli-
cation deals in part with the generation of color signals
for the television broadcasting system employed in the
United States and some other countries, referred to as
the National Television Systems Committee (NTSC)
standard.

In many parts of the world and particularly in Eu-
rope, a phase alternation line (PAL) system is employed
for television broadcasting. The PAL raster scan dis-
plays employ different signals (e.g. different frequen-
cies, format, etc.) than the NTSC standard. The subject
of this application is a uniguc means for generating
color signals in a digital manner which are compatible
with a PAL display such as an ordinary PAL compati-
ble television receiver.

SUMMARY OF THE INVENTION

An improved color generation means for a video
display is described. The color generation means is
particularly useful with a digital computer which pro-
vides digital signals for controlling a raster scan display
where the display is adapted for functioning with a
standardized video signal such as a PAL signal. The
improved color generation means includes a circuit
means for providing a signal representative of the odd
and even lines on the display. A recirculating shift regis-
ter means is employed which is capable of selectively
recirculating digital signals in both directions. Coded
digital signals when read from the register means pro-
vide a video color signal since shifting in the register
means occurs at a {requency compatible with the dis-
play. The register means is coupied to the circuit means
such that the signal representasive of the odd and even
lines selects the direction of the recirculation in the
register. A multiplexing means is employed to select
alternate stages of the register means. In this manner
compensation for the color signal phase reversals of the
coded digital signals is provided.
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PAL COLOR DISPLAY FIG. 1 is a general block diagram of the microcom-

puter which generates the digital signals used to control

BACKGROUND OF THE INVENTION $ the video display.
. . FIG. 2 is a block diagram and circuit diagram of the
L. F'Fld of .the Invention .. improved color generation means of the present inven-
_ The invention relates to the ficld of digitally control- ;50 the circuit employed to provide a continuous
ling video displays. - “burst” signal and the timing and synchronization gen-
2. Prior Art 10 erator.

FIGS. 3a, 3b, 3¢, and 34 are a series of diagrams used
to illustrate the effects of shifting digital signals in a
register in different directions and of sensing the signals
at different stages in the register. These diagrams are
used to explain the operation of the color generation
means of FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

An improved color generation means particularly
suited for use with a phase alternation line (PAL) video
display such &s a PALcompatible television receiver is
described. In the following description numerous spe-
cific details such as specific frequencies and number of
bits are set forth to provide a thorough understanding of
the present invention. However, it wiil be obvious to
one skilled in the art that the invention may be practiced
without these specific details. In other instances, well-
known circuits such as logic circuits and timing circuits
have not been set forth in detail in order not to obscure
the present invention in unnecessary detail.

Throughout this application, reference is made to the
PAL broadcasting system or standard (or PAL signal).
Since nuraerous details associated with PAL broadcast-
ing are well-known to one skilled in the art, they are not
set forth in the present application. Numerous texts and
patents describe this broadcasting system in detail. For
example, see Receiving PAL Colours Television by A. G.
Priestley, published by Fountain Press, England, 1974.

In its presently preferred embodiment, the improved
color generation means of the present invention is in-
corporated with a microcomputer which generates a
PAL compatibl: video signal which may be directly
coupled to a standard PAL television receiver. This
microcomputer which is sold under the trademark “Ap-
ple” includes many modes of operation, however, only
the generation of the color video signal and its related
circuitry are part of the present invention. Thus, many
aspects of this microcomputer are not discussed in the
present application. It will be apparent to one skilled in
the art that anyone of a plurality of other commercially
available microcomputers may be used with the in-
vented color generation means.

In FIG. 1 the microcomputer includes a microproces-
sor or central processing unit (CPU) 10. In the presently
preferred embodiment, a commercially available micro-
processor Part Number 6502, is used. The CPU 10 com-
municates through bidirectional tristate buffers (not
illustrated) with a data bus 24. The microcomputer
includes two memories; one memory is a 12 K (bytes)
read-only memory (ROM) 12 which is coupled to the
data bus 24. This memory is used for program storage.
The second memory is used for genera! storage for the
microcomputer and comprises the random-access mem-
ory 22. This memory, in the commercial embodiments
of the microcomputer, contains between 4 K to 48 K
(bytes) and consists of commercially available dynamic
MOS memories.
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The address decoder 18 receives address signals from
the address bus 19 ani decodes them in 8 well-known
manner. The address ¢ scocer 18 is coupled to the ROM
12 and RAM 22. Address signals on the bus 19 are also
coupled to the address multiplexer 20. This multiplexer
couples address signals to the RAM 22.

The input/output (interface) unit 14 provides ports
which allow the microcomputer to be electrically cou-
pled to a cassette jack, floppy disc or to other electrical
means. Known buffers and timing means are employed
for this purpose.

The video generstor 16 receives signals from the
input/output means 14 and also from the RAM 22. This
generator provides video signals for the display. A
portion of this generator particularly that portion which
generates the PA.L-compatible color signal is discussed
in detail in conjunction with FIG. 2.

In FIG. 2 a tinir 3 and synchronization generator 29
is illustrated which provides the timing signals for the
computer con lines 37 and for a display coupled to the
microcomputer. Ordinary timing means may be em-
ployed for the generator 29. A crystal 35 is used to
provide the basic timing for the timing and synchroniza-
tion generator 29. Among the frequencies provided by
means 29 is the 17.734474 MHz timing frequency on line
47. This signal is used to generate a continuous “burst™
signal on line 49, as will be discussed. This frequency is
also used by the shift register 60.

A digital counter 33 which is part of the timing and
synchronization generator 29 provides a digital count
1epresentative of horizontal beam location. The digital
output of the counter 33, line< 53, are coupied to the
odd/even character detector 72 in addition to other
means within the computer. In the presently preferred
embodiment, the 17.734474 MHz signal is divided first
by 18 and then by 63 to provide a timing signal to drive
the counter 33. This counter resets at a count of 1134,
one count less than the s:andard PAL line count. The
resetting of the counter 33 advances the digital counter
31. The digital counter 31 which provides a digital
signal representation of a vertical beam location in the
presently preferred embodiment, is reset at an even
number, specifically 312. The least significant bit of this
counter, which is coupled to line 51, provides an odd-
/even line signal. That is, when a binary zero is present
on line 51, an even numbered line is being scanned,
whereas when a binary one is present on line 51, an odd
numbered line is being scanned.

In FIG. 2 the circuit comprising che bistable circuits,
flip-fiops 3¥ and 41 and the exclusive OR gates 43 and
4S5 are used to generate a timing signal of 8.867237 MHz
on line 50 and also a continuous *burst” signal on line
49. The signal on line 49 is a 4.43361875 MHz signal
with phase alterations of +45° for odd/even lines.

The timing signal on line 47 from generator 29 is
coupled to the C terminals of the flip-flops 39 and 41.
The Q output terminal of the flip-flop 39 (line 50) is
coupled to the D terminal of this flip-flop and also to
one input terminal of the gate 43. The other input termi-
nal of gate 43 reccives the odd/ever line signal on line
$1. The output of the gate 43 is coupled to one input
terminal of the exclusive OR gate 48. The other input
terminal to this gate is coupled to line 49. The output of
the gate 45 is coupled to the D terminal of the flip-flop
41. An exaninztion of the logic associated with these
flip-flops and gates will reveal that the burst signal on
line 49 is in fact a signal having a frequency $ that of the
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signal on line 47 with a +45° phase shift for odd/even
lines.

As presently implemented, an odd number of charac-
ters, each of equal width, are displayabls on the display
in the horizontal direction. However, the width of each
of these characters is not an integer number of color
reference frequency cycles. For this reason, compensa-
tion from character-to-character for the video color
signal (line 70) must be provided. A signal is developed
on line 73 by the odd/even character detector 72 for
this p . This detector receives the continuous
“burst” signal (line 47) and elso the horizontal line
count (lines 53). At the beginning of each character as
determined by the horizontal count (this is also the time
at which color data is loaded inte the shift register 60
from the multiplexer 55) the “burst” signal is examined.
If the signal is in its high state or low state a signal of a
first binary state is coupled to line 73. If the signal is in
a trausition, a signal of the second binary state is cou-
pled to line 73. Obviously, ordinary logic means may be
employed to implement the odd/even character detec-
tor 72.

The video color signal is primarily generated within
the shift register 60 and is coupled to the line 70 through
the multiplexer €8. In the presently preferred embodi-
ment, 2 four bit shift register is employed. However, the
principles described herein are applicable to a shift reg-
ister with more than four stages. The shift register is of
the recirculating type, thus it continually circulates the
data which is shifted into the register in parallel form
from the multiplexer 55. This data is shifted at the rate
of 17.734474 MHz which signal frequency is coupled to
register 60 via line 47. The register 60 is capable of
shifting the data in two directions as indicated by direc-
tions 62 and 63. The direction contro! is determined by
the odd/even line signal coupled to the register 60 on
line 51. Also a load signal is coupled to the register 60
on line 59. As mentioned, loading occurs a* the begin-
ning of cech character for the presently preferred em-
bodiment, howcver, loading may occur at other times.

As presently implemernted in the microcomputer,
four lines 57 of the eight lines of the data bus 24 are are
employed to provide color data for the upper portion of
each character, while four lines 56 of the data bus 24 are
employed to provide color data for the iower portion of
each charactcr. The multiplexer 55 thus selects either
the lines 56 and 57 and couples these lines to the register
60. The microcomputer generates a signal indicating
whether the upper portion or lower portion of the char-
acter is being written and furnishes an anpropriate sig-
nal to the multiplexer 55 on line 58. However, this par-
ticular coupling for obtaining the color data is not cri.i-
ca! to the present invention.

Each stage of the register 60 is coupled to the multi-
plexer 68 50 &s to permit sensing of the data at any stage
of the register as the data is recirculated. Thus the multi-
plexer permits selective coupling of one of the lines 64,
68, 66 or 67 to line 70. The particular tap or stage of the
register which is selected is a function of the binary
signals coupled to the multiplexer 68 on lines 51 and 73.

The operation of the improved color generation
means shall first be described without the additional
compensation required from character-tocharacter as
provided by the signal on line 73. Referring to FIG. 3q,
assume that the binary coded signal i 100 represenis ihe
color blue and that the this code is shifted into the shift
register 60 from the muitiplexer 55 (FIG. 2). Further-
more assume that an even line is being scanned and that
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_the direction of circulation within the register 60 is
shown by direction 62. For these conditions also assume
that the first stage of the register is selected by the
multiplexer 68 as indicated by line 64. The resultant

6
sampling means coupled to said storing means for
sequentially sampling each of said bits of said digi-
tal words at a predetermined sampling rate in a first
sequence and a second sequence opposite to sa«d

signal on line 64 which is coupled to line 70 through the 5 first sequence, said first and second sequences
multiplexer is shown by the graph 74. This video signal being selected according to said odd-even signal
provides & pure blue color on the display. When an odd and said predetermined sampling rate being se-
lise is bc:ng scanned, the video signal for blue does not lected such that a color signal is develope at an
shift in phase for standard PAL broadcasting, However, output of said sampling means which corresponds
when an odd line is scanned the direction of recirculs- 10 to said predetermined color and which has a fre-
tion wlthm the register 6 a8 shown in FIG. 36 c-hanga quency component at said frequency N;

and a1 mdxeat?dm!;y dxtecuog‘r’ .63;50';;‘ °dd lmc_lt_:c whereby a color signal suitable for use with a phase
lecond. stage O register 69 13 selec (‘“‘° 65). The alternation line video display is generated.
sclection -.)f.tlns mgensgon_tmlled by the signal coqpled 2. The color signal gencration means of claim 1
to the multiplexer 68 via line 51 (FIG. 2). The signal i5 wherein said sampling mesns includes bit sclecting

sensed on line 68 is shown by the graph 75. As may be
seen this signal is identical with that shown in FIG. 3a.
Thus even though the direction of recirculation has
changed within the register, because of the different
stage sclection, the same signal results. This, of course,
is the desired result since there is no difference in the
blue color video signal from line-to-line

Referring now to FIG. 3¢, assume that the binary
code for a pure red signal is 0110 and that the digital
signal for this color is shifted into the register 60. If an
even line is scanned, again the digital signal is recircu-
lated in direction 62 and the signal is sensed on line 64.
This results in the signal shown in graph 76. As shown
in FIG. 3d, for an odd line the signal 0110 is shifted in
direction 63 and sensed on line 65. The resultant signal
is shown on graph 77. Note that there is a 180° phase
reversal between the signals of FIGS. 3¢ and 34 for the
odd and even lines. This phase reversal corresponds to
the red signal phase reversals implemented in PAL
broadcasting.

While only a pure blue and pure red case have been
illustrated above, appropriate video color signals are
generated by register 60 for ail possible colors obtain-
sble with the four bit color signals employed in the
preferred embodiment. Moreover, color coded signals
with greater number bits (e.g. 8 bits) may be employed
with iarger shift registers (¢.g. 8 stages) with the same
result.

With the additional signal provided ou line 73 (FIG.
2) the rultiplexer 68 sclects one of the lines 64, 65, 66
and 67 as a function of the signals on lines §1 and 73.
Specifically, line 64 is selected for an odd character,
even line; line 65 for an odd character, odd line; line 66
for an even character, even line, and,; line 67 for an even

25
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means for controlling which of said bits is sampled in
the beginning of said first and second sampling sequen-
ces.

3. The color signal generation means of claim 2
wherein said sampling means is a recirculating shift
register means having a plurality of stages for receiving
said digital word from ssid storing means and for circu-
lating said digital word at said predetermined sampling
rate in a firsy direction which corresponds to said first
sampling sequence, and a second direction which corre-
sponds to said second sampling sequence.

4. The color signal generation of claim 3 wherein said
bit selecting means comprises a multiplexing means for
selectively coupling one cf said stages of said shift regis-
ter means to said output.

S. The coior signal generation means of claim 4
wherein said selective coupling of said multiplexing
means occurs in respense to said odd-even signal.

6. The color signal generation means of claim §
wherein said shift register means is comprised of P
number of said stages and said predetermined sampling
rate is at a frequency approximately equal to NXP.

7. The color signal gencration means of claim 6
wherein said circuit means comprises 2 digital counter
and said odd/even signal is derived from the least signif-
icant bit of said counter.

8. The color signal generation means defined by claim
6 wherein P is equal to four.

9. The color signal generation ineans of claim 8,
wherein N is approximately 4.434 MHz and said prede-
termined sampling rate is approximately 17.734 MHz.

10. The color signal generation means of claim 9
wherein said at least one digita! word and said corre-

character, odd lire. This selection of lines provides the 50 . . . .
addivon t coiioo 2 ot R ; snonding predetermined color comprise the following:
SO0 fequiied Cnaracicr-iv-cnaracicr compensa- . < € d
tion.

Thus, by changing the direction of shifting in the Digital word Corresponding Color
register 60 as a function of even lines and odd lines and oo Ble
also by appropriately selecting differert stages of the 55 0110 Red

register, compensation is provided for :he color signal
phase reversals implemented in PAL broadcasting.

I claim:

1. In an apparatus for use with a phase alternation line
video display adapted to receive color signals having a
color subcarrier reference signal of frequency N, an
improved color signal generation means comprising:

means for generating at least one digital word which

corresponds to & predetermined color, said digital
word comprising a plurality of bits;

storing means for storing said digital word;

circuit means for providing an odd/even signal repre-

sen‘ative of odd and even lines on said display;

60

65

11. In an apparatus for use with a phase alternation
line video display adapted to receive color signals hav-
ing a color subcarrier reference signal of frequency N
and where said apparatus provides a predetermined
number of characters at last in the horizontal direction
on said display, an improved color signal generation
means comprising:

means for generating at least one digital word which

corresponds to a predetermined color, said digital
word comprising P number of bits;

storing means for storing said digital word;
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first circuit means for providing an odd/even line
signal representative of odd and even lines on said
display;

second circuit means for providing an odd/even
character signal representative of odd and even
characters on said display;

sampling means coupled to said storing means for
sequentizlly sampling each of said bits of said digi-
tal word at a sampling rate approximately equal to
NXP in a first sequence and in a second sequence
opposite to said first sequence, said first and second
sequences being selected according to said odd-
/even signal, with said sampling means further
including a bit selecting means responsive to said
odd/even line signal and said odd/even character
signal for cortrolling which of said bits is sampled
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in the beginning of said first and second sampling
sequences;

whereby a color signal suitable for use with a phase

alternation line video display is generated at an
output of said sampling means.

12. The color signal generation means of claim 11
wherein said sampling means comprises a recirculating
shifter register means having P number of stages for
receiving said digital word from said storing means and
for circulating said digital word at said predetermined
sampling rate in a first direction which corresponds to
said first sampling sequence and a second direction
which corresponds to said second sampling sequence
and ‘whzrein said bit selecting means comprises a multi-
plexer having a plurality of inputs coupled to said stages
of said shift register means and a multiplexer output

coupled to said sampling means output.
s & & s ¢
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DIGITALLY-CONTROLLED COLOR SIGNAL
CENERATICN MEANS FCR USE WITH DISPLAY

This is a continuation of application Ser. No. 910,125,
now abandon=d, filed May 26, 1978, which is a division
of application Ser. No. 786,197, filed on Apr. 11, 1977
which is now U.S. Pat. No. 4,136,359.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is for the generation of signals for
raster scanned video displays employing digital means,
believed to be in Class 340-324.

2. Prior Art

With the reduced cost of large scale integrated cir-
cuits it has become possible to provide low-cost mi-
crocomputers suitable for home use. One such use
which has flourished in recent years is the application of
microcomputers in conjunction with video displays for
games and graphic displays. Most often an ordinary
television receiver is employed as the video display
means. The standard, raster scanned, cathode ray tubes
employed in these receivers and like displays, presen
unique problems in interfacing these displays with the
digital information provided by the microcomputer.

In presenting color graphics it is, of course, desirable
to provide high resolution lines and to avoid “ragged”
lines. In a microcomputer controlled display, typically a
single frequency reference source is employ2d to gener-
ate the color subcarrier reference signal of 3.579545
Mhz and the horizontal and vertical synchronization
signals. If the frequency of the horizontal synchroniza-
tion signals is to remain close to its normal frequency
(i.c. 15,750 hz) the horizontal synchronization means
must operate at an odd-submultiple of the color subcar-
rier frequency. When this occurs there is a phase rever-
sal or phase shift of the coior subcarrier reference signal
when compared to color control signal between each of
the lines of the display. This results in ragged vertical
lines unless the color signals are changed for each line.
One prior art solution to this problem has been to oper-
ate the horizontal synchronization counter at an even
submultiple of the color subcarrier frequency (i.e.
15,980 hz). This deviation from the standard horizontal
synchronization frequeacy typically requires manual
adjustment of the receiver and for some receivers hori-
zontal synchronization may be more difficult to main-
tain.

As will be described with the invented microcom-
puter, the horizontal counter operates close to its stan-
dard frequency (15,734 hz). Through use of a timing
compensation means, counting in the horizontal syn-
chronization counter is delayed to compensate for the
fact that the counter operates at an odd-submultiple
fiequency of a color reference signal. In this manner,
phase reversal of the color reference signal is eliminated
ard sharp graphic displays are provided without com-
plex programming.

Yn many prior art microcomputer controlled displays,
color information is stored as four digital bits which are
usex! to designate green, red, blue, and high/low inten-
sity. The color generation means generally includes a
signal generator for generating the pure color signals
(CW). These pure color signals are then gated and
mixed in accordance with the binary state of the four
bits to provide a color signal compatible with standard
television receivers. Generation of the video color sig-
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2
nal in this manner is complex and requires a substantial
amount of circuitry.

The invented microprocessor includes a recirculating
shift repister which circulates four bits of information.
In this manner video color signals are generated di-
rectly from digital information without the cumber-
some generation techniques employed in the prior art.

SUMMARY OF THE INVENTION

A microprocessor for use with a video display is
described. The microprocessor includes an improved
timing apparatus which provides well-defined color
graphics on a standard, raster scanned, cathode ray
tube. A timing reference means is employed to provide
a color reference signal for the video display. A hori-
zontal synchronization means which is synchronized to
the timing reference means provides horizontal syn-
chronization signals for the display. These signals occur
at a rate which is an odd-submultiple of the color refer-
ence signal frequency. The timing apparatus includes a
compcnsation means which is coupled to both the tim-
ing reference mean: and the synchronization means for
periodically adjusting the horizontal synchronization
signals such that these signals remain in phase relation-
ship with the color reference signal.

The microcomputer also includes a unique color sig-
nal generation means which uses a recirculating shifi
register. This register receives digital signals representa-
tive of color from memory and circulates this data at a
predetermined rate. In this manner a color signal suit-
able for use with a video display is generated from the
digital signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general block diagram illustrating the
invented microcomputer in its presently preferred em-
bodiment.

FIG. 2 is a block diagram of the video generator
employed in the microcomputer of FIG. 1.

F1G. 3 is a block disgram of the timing and synchro-
ization generzator employed in the computer of FIG. 1;
and

FIG. 4 is graph illustrating several waveforms gener-
ated by the video generator of FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

A microcomputer is disclosed which is particularly
suitable for controlling color graphics on a standard,
raster scanned, cathode ray tube. The described mi-
crocomputer includes a video generator which gener-
ates color signals directly from digital information, and
a timing means which provides well defined color
graphics, particularly in the vertical direction, with
complex programming.

In the following description, numerous well-known
circuits are shown in block diagram form in order not to
obscure the described inventive concepts in unneces-
sary detail. In other instances, very specific details such
as frequencies, number of bits, specific codes, etc., are
providing in order that these inventive conceris may be
clearly understood. It will be apparent t5 one skilled in
the art that the described inventive concepts may be
employed without use of these specific details.

Referring now to FIG. 1, the microcomputer in-
cludes a central processing unit (CPU) or microproces-
sor 10. While any one of a plurality of commercially
available microprocessors may be employed such as the
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M6800 or 8080, in the presently preferred embodiment,
a commercially available microprocessor, Part No.
6502, is empioyed. CPU 10 communicates with the data
bus 18 through ¢ bidirectional tri-staie buffer 12. The
CPU 10 is also coupled to the address bus 20 througha 5
tri-state buffer 13.

The microcomputer, in its presently preferred em-
bodiment, includes two memories. The first is a 12K
(bytes) read-only memory (ROM) 14 v/hich is coupled
to the data bus 18. This ROM may be a mask program- 10
mable memory, E PROM or other read-only memory.
The primary data storage for the computer comprises
the random-access memory 23. In the presently pre-
ferred embodiment, this memory may contaiu 4K to
48K (bytes) and comprises commercially available dy-
namic MOS memorizs. The RAM 23 is couplad to the
input/ouiput interface means 21 via bus 30, the data bus
18 and the video gene:ator 25.

The timing signals for the microcomputer are pro-
vided by the timing and synchronization generator 15. 20
The novel portions of this generator shall be described,
in detail, in conjunction with FIG. 3. This generator
provides timing signals for the microcomputer, and
additionally, synchronization signals for the video dis-
play. Among the signals provided by the generator 15 25
are 2+ Mhz timing signals on lines 32 for the RAMs 23
and a 14.31818 Mhz signal oo line 33 for the video gen-
erator 25. The timing and synchronization generator 15
also provides timing signals for the decoder 16 and for
the address multiplexcr 28. 30

The address decoder 16 receives address signals from
the address bus 20 and decodes thera in a well-known
manner. The address decoder 16 is coupled to the ROM
14 and to the RAM 23. Address signals are also received
from the bus 20 by th= address multiplexer 28 which 35
couples these signais tc the RAM 23.

The input/output interface means 22 provides ports
which allows the microprocessor to be electrically cou-
pled to a cassette jack or to a connecior used for receiv-
ing game input/output signals. Known buffers and tim- 40
ing means mesy be employed for this purpose.

The video generator 25 receives signals from the
input/output interface meane 21 and also from the
RAM Z3. This generator provides an output video sig-
nal on line 26. Video generator 25 shall be described, in 45
detail, in conjunztion with FIG. 2.

In the presently preferred embodiment, the entire
microcomputer of FiG. 1 is fabricated on. a single
printed circuit boaid. Teis board includes connectors to
allow thc compuier {0 be connected to a cassette play- 50
back mcans, or other davices. As wili be appreciated,
numsrous well-known interconncctions, driver means
and other circuits employed in the microcomputer are
not shown in FIG. 1. For a detailed description of cir-
cuits and interconnecitons which may be employed in 55
the microprocessor of FiG. 1, including a ::ansparent
refresh cycie ior the RAMs 23, see “4 CRT Terminal
Using Th: M6RCO Family” by Roy & Morris, Interjace
Age, Volume 2, Issue 2, January 1977.

Referring now to FIG. 3, the timing and synchroniza- 60
tion generator (timing means) includes a frequency
reference source, crystal oscillator 51. The output of
oscillator 51 is coupled to a buffer 52 which provides a
14.31818 Mhz signal on line 33 for the presently pre-
ferred embodiment. This signal is coupled to the video 65
generator of I35, 2 ae wiil be described, and is also
coupled to the shift register counter 60 and the divider
§5. The divider 55 divides the 14.31818 Mhz signal by

]
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two, thereby providing a 7.15909 Mhz signal on line 56.
This signal is employed by the microprocessor as a
timing signal, and additionaily, is employed by tiie shifi
register counier 60 as a feedback synchronization sig-
nal. The signal on line 56 is further divided by two, by
divider 57, to provide the standard color subcarrier
reference signal of 3.579545 Mhz on line 58. The signal
on line 58 is used in an ordinary manner by the video
display and also is used as a feedback synchronization
signal by the shift register counter 60.

The 14.3 Mhz signal on line 33 is divided by seven, by
the shift register counter 60 to provide a 2+ Mhz signal
on line 32. This signal is used by the RAMs 23 of FIG.
1. This 2+ Mhz signal is further divided by divider 62
(divided by two) to provide a 1+ Mhz timing signal on
line 65. This 1+ Mhz signal in addition to being em-
ployed elsewhere in the microprocessor is used by
counters 63 and 64.

The “divide-by-65" counter 63 is used to provide the
horizontal synchronization signals. When the maximum
count is reached within the counter 63, a signal is pro-
vided on iine 66 to shift register 60 and also to the verti-
cal synchronization counter 64. The counter 64 is em-
ployed to divide this signal by 262 to provide vertical
synchronization signals.

In the presently preferred embodiment, the display is
divided iric 2 65X 262 array. However, 25 of the 65
horizontal character positions are employed for blank-
ing and 70 of the 252 lines are also employed for blank-
ing.

It is apparent from FIG. 3 that the horizontal syn-
chronization signals from counter 63 occur at a fre-
quency of approximately 15,734 hz. This is very close to
the standard horizontal synchronization rate of 15,750
hz. Each count of the counter 63 includes 34 color cycle
of the color subcarrier reference frequency; moreover,
the total number of color cycles per line is 2 non-inte-
ger. As a result, the color subcarrier reference signal
will be shifted 180° for each new line. Unless some
corrective action is taken this will result in ragged verti-
cal lines. As will now be described, compensation is
provided by delaying the occurrence of the 1+ Mhz
timing signal once for each line by a period of time
corresponding to } cycle of the 3.58 Mz subcarrier
relerence signal.

As shown in FIG. 3, the normal counting sequence
for the shift counter 60 includes seven states. When the
last stage of the four stage counter contains a binary-
zero, a binary-one is loaded into the second stage (posi-
tion 70). The first and second stages receive the output
of the sccond stage when the last stage contains a bi-
nary-zero. Thus, the siates become 1110 after the next
shift, and finally the states become 1111 as indicated by
path 68.

Each time a signal occurs on line 66 (every 65 cycles
of the 1+ Mhz signal) the normal sequencing within the
counter 60 is altered as shown by the extended sequence
of FIG. 3. When a signal occurs on line 66 and when the
count of 0000 is reached, the loading of the binary-one
into the second stage (position 70) is delaysd for two
cycles of the 14.318 Mhz clock. These two cycles corre-
spond to 180° of the 3.58 Mhz signal. After these two
cycles, a binary-one is then loaded into the second
stage, followed by the loading of binary-ones into the
first and third stages. As indicated by path 69, a normal
counting sequence then occurs. By extending the count
within counter 60 as described, compensation occurs
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which provides vertical color alignment from line-to-

line.

Reforring now 0 FIG. 2, the video generator 25 of
FIG. 1 includes two, four bit shift registers 36 and 37.
Each of these four bit shift registers is coupled to re-
ceive four bits of data on lines 30 from the RAM 23.
The registers 36 and 37 receive a load signal on line 49
which causes the datz on lines 30a through 305 to be
shifted into the registers. The first stage of register 37
(lo) is coupled to 2 multiplexer 38 by line 42. The third
stage of register 37 (I1) is also coupled to the multiplexer
38 by line 43. In a similar fashion, the first stage of the
register 36 (I2) is coupled by line 44 to the multiplexer
38, and the third stage of this register (I3) is also coupled
to the multiplexer 38 by line 4S.

Line 44 is coupled to the fourth stage of register 36 in
order that four bits of data within register 36 may be
recirculated. (Registers 36 and 37 shift data from ieft to
right, that is, toward their first stage). The line 42 may
be selectively coupled to the fourth stage of register 37
through the multinlexer 40 in order that four bits of data
within register 37 may be recirculated. Line 44 may be
coupled through ihe multiplexer 40 to the fourth stage
of the shift register 37. When this occurs, the shift regis-
ters 36 and 37 operate as & single eight bit shift register.

Control signals designated as even/odd X (line 47)
and upper/lower Y (line 43) are used to control multi-
plexer 38. During the color graphics mode the registers
36 and 37 operate as separate registers and data is alter-
nately selected for coupling to line 26 by multiplexer 38.
The upper/lcwer Y signal, during the color graphics
mode, allow selection of data from either register 36 or
37. The odd/even X signal then toggles the data from
the selected register by alternating selecting Io or I if
register 37 is selected, or I; or I3 if register 36 is selected.

During the color graphics mode as presently imple-
mented, =ight tits of color information are shifted (in
parallel) into the registers 36 and 37 from the RAM 23
at a 1+ Mhz rate. This data is recirculated within regis-
ters 36 and 37 at a rate of 14.31818 Mhz Ly the clocking
signal received on line 33. The circulation of the data bit
within the registers 36 and 37 at this rate provides sig-
nals having a 3.58 Mhz component and as will be de-
scribed, these signals may be readily employed for pro-
viding color signals for video display.

In the color graphics mode, as presently imple-
mented, each of the display characters is divided into an
upper and lower color rectangle. The RAM 23 provides
the four bits of color data for the wpper rectangles to
registers 36 and for the lower rectangles to register 37.
This color data for the presently preferred embodiment
is coded as follows:

Red 0001 Medium Violet 0011
Pink 1011 Medium Blue 0110
Blue 0010 Medium Green 1100
Light Blue ot Orange 1001
Dark Green 0100 White 1111
Light Green 1110 Gray 1010
Brown 1000 Gray 0101
Yellow 1101

When colors are coded in this manner and circulated at
the rate of 14.318 Mhz in the registers, video color
signals compatible with standard television receivers
are produced. The resultant signal for red is shown on
line 71 of FIG. 4, light blue on iine 72, brown on line 73
and gray on lines 74 and 75. -
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Briefly referring again to FIG. 3, each count of the
horizontal synchronization counter 63 corresponds to
14 cycles of the subcarrier reference signal. Thus. a 180°
phase shift occurs from character-to-character with
respect to the color subcarrier referencze signal. This
means that the color signals must be shifted by 180* by
the generator of FIG. 2, or the coding for these signals
must be alternated for odd and ever. horizontal charac-
ter positions. In the presently preferred embodiment, a
180° phase shift for the color signais is cbtained by
toggling between the first or third stages of the selected
registers. For example, assume that the lower portion of
a character is being displayed and that the color infor-
mation is thus contained within register 37. Further
assume that this information is being circulated, that is,
line 42 couples stage 4 to stage 1 through the multi-
plexer 40. For even horizontal character positions, as
indicated by the signal on line 47, the phase select multi-
plexer 38 couples the Io signal to line 26. For the odd
positions, a 180° phase shift is obtained by selecting the
1 signal.

During a second mode of operation the generator of
FIG. 2 is used for providing high resolution graphics. In
this cese, eight bits of information are provided by the
RAM 23 1o the registers 36 and 37. For this high resolu-
tion mode line 42 is coupled to the video line 26 and the
eight bits of data from RAM 23 are serially coupled to
the video line 26 at the 14.318 Mhz rate. The multi-
plexec 40 couples line 44 to the fourth stage of register
37 to provide a single eight bit shift register. The resul-
tant signals are shown on lines 77 and 78 of FIG. 4. The
signals on lines 77 and 78 provide either a green or
violet display. In the presently preferred embodiment,
data changes are employed to obtain the compensation
provided by the multiplexer 38 during the color graph-
ics mode.

Thus, a microcomputer has been disclosed which is
particularly suitable for controlling a color video dis-
play. The unique timing means provides well defined
vertical color lines without complicated programming
changes while allowing the gen:ration of horizontal
synchronization signals at close to the standard rate.
The unique video generator allows the generation of
color signals directly from digital signals without the
complex circuitry often employed in the prior art.

I claim:

1. A digitally controlled color signal generation
means for use with a color video display adapted to
receive color signals having a color subcarrier reference
signal of frequency N, said color signal generation
means comprising:

means for generating at least one digital word which

corresponds to a predetermined color, said digital
word comprising a plurality of bits;

storing means for storing said digital word;

sampling means coupled to said storing means for

sequentially sampling each of said bits of said digi-
tal word at a predetermined sampling rate, said
sampling rate being selected such that a color sig-
nal is developed at an output of said sampling
means which corresponds to said predetermined
color and which has a frequency component at said
frequency N,

whereby a color signal suitable for use with the video

display is generated.

2. The color signal generation means of claim 1
wherein said sampling means comprises a recirculating
shift register means for receiving said digital word from
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said storing means and for circulating said digital word
in enid <hift register means at said predetermined sam-
pling rate.

3. The color signal generation means defined by claim 5
2 wherein said digital word is comprised of P number of
bits, said shift register means comprises a recirculating
shift register having P number of stages, and said prede-
termired sampling rate is at a frequency approximately
equal to NXP. )

4. The color signal generation means defined by claim
3 wherein P is equal to four.

5. The color signal generation means defined by claim
4 wherein N is approximately 3.58 MHz and said prede-
termined sampling rate is approximately 14.318 MHz.

6. The color signal generation means defined by claim
§ wherein said sampling means further includes phase
shifting means for coupling different stages of said shift
register to said output thereby allowing the selection of 20
a phase shifted signal.

7. The color signal generation means defined by claim

6 wherein said digital word corresponding to the color
red is 000].

8. A digitally controlled color signal generation
means for vsc with a color video display adapted to
receive color signals having a color subcarrier reference
signa! of frequency N. caid impreved color signal gener-
ation means comgprising:

10

25

35

45

55

4,278,972

means for generating at least one digital word which
corresponds to 8 predetermined color, said digital
word compnising P number of bits;
storing means for storing said at least one aigital
word;
sampling means coupled to said storing means for
sequentially sampling each of said bits of said digi-
tal word at a sampling rate approximately equal to
a frequency of NXP;
whereby a color signal suitable for use with the video
display is developed at an output of said sampling
means.
9. The color signal generation means defined by claim
8 wherein said sampling means incivdes phase shifting
mesns for altering the sequence of said sequential sam-
pling, thereby allowing the selection of a phase shifted
signal at said output of said sampiing means.
10. The color signal generation means defined by
claim 9 wherein N is approximately equal to 3.58 MHz,

) Pis equal to four and said sampling rate is at a frequency
- approximately equal to 14.318 MHz.

11. The color signal generation means dsfined by
claim 10 wkerein said sampling means comprises a re-
circulating shift register Laving four stages which re-
ceives said digital word from said storing means, with
said shift register being clocked at a frequency approxi-
mately equal to 14.318 MHz and said phase shifting
means is a means for coupling different stages of said
shift register to said sampling means output.

$ & & & &
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[57] ABSTRACT

A microcomputer system with video display capability,
particularly suited for small business applications and
home use is described. The CPU performance is en-
hanced by permitting zero page data to be stored
throughout the memory. The circuitry permitting this
capability also provides a pointer for improved direct
memory access. Through unique circuitry resembling
“bank switching” improved memory mapping is ob-
tained. Four-bit digital signals are converted to an AC
chroma signal and a separate luminance signal for dis-
play modes. Display modes include high resolution
modes, one of which displays 80 characters per line.

22 Claims, 9 Drawing Figures
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COMPUTER WITH A MEMORY SYSTEM FOR
REMAPPING A MEMORY HAVING TWO
MEMORY OUTPUT BUSES FOR HIGH
RESOLUTION DISPLAY WITH SCROLLING OF
THE DISPLAYED CHARACTERS

BACKGROUND OF THE INVENTION

The invention relates to the field of digital computers,
particularly microcomputers, having video display ca-
pabilities.

Prior Art

In the last few years, there has been rapid growth in
the use of digital computers in homes by hobbyists, for
small business and for routine engineering and scientific
application. For the most part, these needs have been
met with self-contained, relatively inexpensive mi-
crocomputers or microprocessors with essential periph-
erals, including disc drives and with relatively easy to
manage computer programs. The design for computers
for these needs requires considerable ingenuity since
each computer must meet a wide range of applications
and because this market is particularly cost conscious.

A home or small business computer must, for exam-
ple, operate with a number of different program lan-
guages, including those requiring relatively large mem-
ories, such as Pascal. The computer should interface
with a standard raster scanned display and provide a
wide range of display capabilities, such as high density
alpha-numeric character displays needed for word pro-
cessing in addition to high resolution graphics displays.

To meet these specialize computer needs, generally
requires that a relatively inexpensive microprocessor be
used and that the capability of the processor be en-
hanced through circuit techniques. This reduces the
overall cost of the computer by reducing, for example,
power needs, bus structures, etc. Another important
consideration is that the new computers be capable of
using programs developed for earlier models.

As will be seen, the presently described microcom-
puter is ideally suited for home and small business appli-
cations. It provides a wide range of capabilities includ-
ing advanced display capabilities not found in compara-
ble prior art computers.

The closest prior art computer known to applicant is
commercially available under the trademark, Apple-II.
Portions of that computer are described in U.S. Pat. No.
4,136,359.

SUMMARY OF THE INVENTION

A digital computer which includes a central process-
ing unit (CPU) and a random-access memory (RAM)
with interconnecting address bus and data bus is de-
scribed. One aspect of the present invention involves
the increased capability of the CPU by allowing base
page or zero page data to be stored throughout the
memory. Alternate stack locations and an improved
direct memory access capability are also provided by
the same circuitry. Detection means are used for detect-
ing a predetermined address range such as the zero
page. This detection means causes a special register
(Z-register) to be coupled into the address bus. The
contents of this Z-register provide, for example, a
pointer during direct memory access, or alternate stack
locations for storing data normally stored on page one.

The memory of the invented computer is organized
in an unusual manner to provide compatibility with the

“APPLE_PAT 4 383 296 10" 994 KB 2000-02-27 dpi: 600h x 600v pix: 3624h x 5535v

5

—

0

40

45

50

60

65

2

8-bit data bus and yet provide high data rates (16-
bits/MHz) needed for high resolution displays. A first
plurality of memory devices are connected to a first
memory output bus; these memory devices are also
connected to the data bus. The memory includes a sec-
ond plurality of memory devices which are also con-
nected to the data bus; however, the outputs of these
second devices are coupled to a second output memory
bus. First switching means permit the first and second
memory buses to be connected to the display for high
data rate transfers. Second switching means permit
either one of the memory buses to be connected to the
data bus during non-display modes.

The addressing capability of the memory is greatly
enhanced not only through bank switching, but through
a novel remapping which does not require the CPU
control associated with bank switching. In effect, the
“unused” bits from one of the first and second memory
buses are used for remapping purposes. This mode of
operation is particularly useful for providing toggling
between two separate portions of the memory.

The display subsystem of the described computer
generates video color signal in a unique manner. A 4-bit
color code as used in the prior art, is also used with the
described display subsystem. However, this code is used
to generate an AC chrominance signal and a separate
DC luminance signal. This provides enhanced color
capability over similar prior art color displays.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing the major compo-
nents and subsystems of the invented and described
microcomputer system.

FIGS. 2 and 3 together show the central processing
unit (CPU) and the architecture associated with this
CPU, particularly the address bus and data bus.

FIG. 2 is a circuit diagram primarily showing the
address bus and the logic means associated with this
bus.

FIG. 3 is a circuit diagram primarily showing the
data bus and its interconnection with the memory buses
(A bus and B bus), bootstrap read-only memory, and
input/output ports.

FIGS. 4, 5 and 6 show the memory subsystem.

FIG. 4 is a circuit diagram primarily showing the
circuitry for selecting between address signals from the
address bus and display counter signals.

FIG. 5 is a circuit diagram primarily showing the
generation of various “select” signals for the memory
devices.

FIG. 6 is a circuit diagram showing the organization
of the random-across memory and its interconnection
with the data bus and memory output buses.

FIGS. 7 and 8 illustrate the display subsystem of the
invented computer.

FIG. 7 is a circuit diagram showing the circuitry for
generating the digital signals used for the video display.

FIG. 8 is a circuit diagram of the circuitry used to
convert the digital signals to analog video signals.

FIG. 9 is a graph of several waveforms used to de-
scribe a prior art circuit and the circuit of FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

A microcomputer system capable of driving a raster
scanned video display is disclosed. In the following
description, numerous specific details such as specific
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part numbers, clock rates, etc, are set forth to provide a
thorough understanding of the present invention. How-
ever, it will be obvious to one skilled in the art that the
inventive concepts described in this patent may be prac-
ticed without these specific details. In other instances,
well-known circuits have been shown in block diagram
form in order not to obscure the present invention in
unnecessary detail.

Referring first to FIG. 1, in general the described
computer includes a central processing unit (CPU) 65,
its associated data bus 42, address bus 46, a memory
subsystem and a display subsystem 58.

The address bus 46 from the CPU is coupled to the
memory subsystem to permit the selection of locations
in memory. Some of the address signals pass through a
multiplexer 47. For some modes of operation, signals
from a register 52 are coupled through the multiplexer
47 onto the bus 46. The register 52 is identified as the
Z-register and is coupled to the multiplexer 47 by the Z
bus. The general description of the multiplexer 47 and
its control by the logic circuit 41 are described in detail
in conjunction with FIG. 2. In general, the circuitry
shown to the left of the dotted line 53 is included in
FIG. 2 while the CPU 65, memory 50, data bus 42 and
multiplexer 43 are shown in detail in FIG. 3.

The address bus N1 is coupled to the read-only mem-
ory 50. The output of this memory is coupled to the
computer’s data bus 42. The read-only memory (ROM)
50, as will be described, stores test routines, and other
data of a general bootstrap nature for system initializa-
tion.

The data bus 42 couples data to the random-access
memory (RAM) 60 and to and from 1/0 ports. This bus
also couples data to the Z-register 52 and other com-
monly used registers not illustrated. The data bus 42
receives data from the RAM 60 through the A bus and
B bus which are selected by multiplexer 43. The periph-
eral Bus N2 is used, as is better illustrated in FIG. 3, for
coupling to peripherals.

The memory subsystem is shown in detail in FIGS. 4,
S and 6. The address control means which receives
addresses on bus 46, makes the final selection of mem-
ory locations within the RAM 60. Bank switching,
addressing for display purposes, scrolling and other
memory mapping is controlled by the address control
means 59 as will be described in greater detail in con-
junction with FIGS. 4 and 5. The PAM 60 is shown in
detail in FIG. 6. The counter 58 which is sychronized
with the horizontal and vertical display signals, pro-
vides signals both to the address control means 59 and
to the display subsystem 48.

The display subsystem receives data from the RAM
60 on the A bus and B bus and converts these digital
signals to video signals which control a standard raster
scanned display. A standard NTSC color signal is gen-
erated on line 197 and a black and white video signal on
line 198. The same signals used to generate these video
signals can be used to generate separate red, green, blue
(RGB) video signals. The display subsystem 48 receives
numerous timing signals including the standard color
reference signal shown as 3.5 MHz (C3.5M). This sub-
system is described in detail in FIGS. 7 and 8.

COMPUTER ARCHITECTURE

In the presently preferred embodiment, the CPU 65
(microprocessor) employed with the described com-
puter is a commercially available component, the
6502A. This 8-bit processor (8-bit data bus) which has a
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16-bit address bus is shown in FIG. 3 with its intercon-
nections to the remainder of the computer. The pin
number for each interconnection is shown adjacent to
the corresponding line. In many cases, the nomencla-
ture associated with the 6502A (CPU 65) is used in this
application. For example, pin 6 receives the nonmaska-
ble interrupt signal (NMI), and pin 4 is coupled to re-
ceive the interrupt request signal (TRQ). Some of the
signals employed with the CPU 65, which are well-
known in the art, and which are not necessary for the
understanding of the present invention are not de-
scribed in detail in this application, such as the various
synchronization signals and clocking signals. The ad-
dress signals from the CPU 65 are identified as Ag-A7
and As-Ajs. The data signals associated with the CPU
65 are shown as Do-D7. As will be apparent to one
skilled in the art, the inventive concepts described in
this application may be employed with other micro-
Pprocessors.

Referring now to FIGS. 2 and 3, the general architec-
ture, particularly the architecture associated with the
CPU 65 can best be seen. The address signals Ag-A7are
coupled to a buffer 103 by the bus shown primarily in
FIG. 2. These address signals are also coupled to the
ROM 50. The signals Ap-A7 after passing through the
buffer 103 are coupled to the memory subsystem. The
address signals Ag-A s (higher order address bits) are
coupled through lines shown in FIG. 2 to the multiplex-
ers 47a and 47b. The contents of the Z-register 52 of
FIG. 1is also connected to the multiplexers 47a and 47
through the Z-bus (Z1-Z7). The multiplexers 47a and
47b allow the selection of either the signals Ag-Ajs
from the CPU 65 or the contents of the Z-register
(Z1-Z7) for addressing the RAM 60. The output of
these multiplexers are shown as Ag-As; this designa-
tion is used even when the Z-bus is selected. Note in the
case of the Zg signal, this signal is coupled to the multi-
plexer 47a through the exclusive OR gate 90 for reasons
which are explained later. The address signals Ag-Aj
are also coupled to the ROM S50, thus the signals
Ag-A1 are used for addressing the ROM 50. The sig-
nals Ag-Asare connected to the logic circuit shown in
the lower left-hand corner of FIG. 2; this logic circuit
corresponds to the logic circuit 41 of FIG. 1.

The input and output data signals from the CPu 65
are coupled by a bidirectional bus to the bidirectional
buffer 99 (FIG. 3). This buffer is selectively disabled by
gate 100 to allow the output of ROM 50 to be communi-
cated to CPU 65 and during other times not pertinent to
the present discussion. The direction of flow through
the buffer 99 is controlled by a read/write signal cou-
pled to the buffer through inverter 101. Data from the
CPU 65 is coupled through the buffer 99 and bus 42 to
the RAM 60 or to 1/0 ports. Data from the RAM 60 is
communicated to CPU 65 or bus N2 from the A bus and
B bus through the buffer 99. The 4 lines of the A bus and
4 lines of the B bus are coupled to the multiplexer 43a.
Similarly, the other 4 lines of the A and B buses are
coupled to the multiplexer 43b. Multiplexers 43a and
43b select the 8 lines of the A bus or B bus and commu-
nicate the data through to buffer 99 and bus 42. These
multiplexers are selectively disabled (for example, dur-
ing writing) by gate 102. As will be described later, the
16 lines of the A bus and B bus permits the reading of
16-bits from the RAM at one time. This provides a data
rate of 16-bits/MHz which is necessary, for example,
for an 80 character per line display. The data is loaded
into the RAM 60, 8-bits at a time.
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The ROM 50, as mentioned, stores test programs,
data needed to initialize various registers, character
generation data (for RAM 162 of FIG. 7) and other
related data. Specific programs employed in the pres-
ently preferred embodiment of the computer are set
forth in Table 1. The ROM 50 is selected by control
signals coupled to its pins 18 and 20, identified as signals
ROM SEL and T ROM SEL. Any one of a plurality of
commercially available read-only memories may be
used for the ROM 50. In the presently preferred em-
bodiment, commercially available Part No. SY2333 is
used.

Referring now to this logic circuit (lower left-hand
corner of FIG. 2), the NAND gate 81 receives the
address signal Ag and also the alternate stack signal
identified as ALT STK. The output of this gate pro-
vides one input to the AND gate 87. The Ag signal is
also coupled through the inverter 82 to one input termi-
nal of the NAND gates 85 and 86. The address signals
Ag and Ajp are coupled to the input terminals of the
NOR gate 83. The output of this gate is coupled to one
input terminal of the NAND gates 85 and 86 and the
AND gate 87. The address signals A11-415 are coupled
to the input terminals of the NOR gate 84. The signal
Ay is also coupled to an input terminal of the NAND
gate 85.

The outputs of the AND gates 87 and 88 (through
NOR gate 89), controls the multiplexers 47a and 47b.
When the output of gate 89 is low the Z-bus is selected,
otherwise the address signals from the CPU 65 are se-
lected.

The logic circuit above-described, along with the
Z-bus and Z-register provide enhanced performance for
the computer. First, this circuit permits the zero page or
base page data to be stored throughout the RAM 60
rather than just on zero page. Secondly, this circuit
enables addressing of alternate stack locations (other
than page one). Lastly, this circuit through the Z-regis-
ter provides a RAM pointer for direct memory access
(DMA).

Assume for purposes of discussion that the CPU 65 is
addressing the zero page of memory. That is, the higher
order address bits Ag-As are all zeros. The zeros for
Ag-A s are detected by the gates 83 and 84. If all the
inputs to these gates are zeros, the outputs of these gates
are high which condition is communicated to the gate
87. Ag which is also low, insures that the output of gate
81 will be high. Thus, all the inputs to gate 87 are high,
causing the signal at the output of the gate 89 to drop.
When this occurs, the Z-bus is selected. Instead of all
the binary zeros from the CPU being coupled to the
main memory (RAM 60), the contents of the Z-register
form part of the address for the memory. Therefore,
even though the CPU 65 has selected the zero page,
nonethelessdata may be written into or from any loca-
tion of RAM 60 (including the zero page). This en-
hances the performance of the CPU, since for example,
the time consumed in shifting data to and from a single
zero page is minimized.

Normally, the CPU 65 selects page one for stack
locations. This occurs when Ag is high and Ag¢-A s are
low. Assume first that the alternate stack locations have
not been selected. Both inputs to gate 81 are high and its
output is low. The low input to the gate 87 prevents the
selection of the Z-bus. Thus, for these conditions the
address signals Ao-A7 select stack locations on page
one.
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Next assume that page one has been selected by the
CPU and that the AL% STK signal is low, indicating
the alternate stack locations are to be selected. (A flag is
set by the CPU to change the ALT STK signal). Since
the ALT STK signal is low and Agis high, a high out-
put occurs from the gate 81. All the inputs to gates 83
and 84 are low, therefore, high outputs occur from both
these gates. The conditions of gate 87 are met, causing
a high output from this gate and lowering the output
from the gate 89. The Z-bus is thus selected by the
multiplexers 47a and 47b. This allows the contents of
the Z-register to be used as alternate locations. Non-
zero page locations are assured by inverting Ag. The
exclusive OR gate 90 acts as a selective inverter. If Ag
is high and Zois low, then Ag at the output of the multi-
plexer 47a will be low. Note that during zero page
selection when Agis low, the Zg signal is directly com-
municated through gate 90 to the output of multiplexer
47a.

Thus, the logic circuits along with the ALT STK
signal allows alternate stack locations to be selected
through the Z-bus. This further enhances the perfor-
mance of the CPU which would otherwise be limited to
page one for stack locations.

The logic circuit of FIG. 2 is also used along with the
Z-register to provide a pointer during direct memory
access (DMA). Assume that direct access to the com-
puter’s memory is required by a peripheral apparatus.
To initiate the DMA mode the CPU provides an ad-
dress between F800 and R8FF. Through a logic circuit
not illustrated in FIGS. 2 and 3, the ROM SEL signal is
brought low for addresses between F000 and FFFF.
This signal is communicated to gate 93 and causes the
output of gate 92 to rise (DMA 1 is high at this time).
This rise in potential is communicated to one input of
the gate 85. Additionally, gate 85 senses that the address
bits Ag, Agand Ajpare low. This information is coupled
to gate 85 through the inverter 82 and the NOR gate 83
as high signals. Also the fact that Ay is high is directly
communicated to gate 85. Thus, with the address be-
tween F800 and F8FF the DMA OK signal drops in
potential. This is sensed by the peripheral apparatus
which in turn causes the DMA 1 signal to drop and
provides a ready signal to the CPU 65. With the com-
pletion of this handshake, data may begin to be trans-
ferred to the RAM.

The DMA 1 signal through gate 93 and inverter 93
forces the T ROM SEL signal low. This signal in addi-
tion to being communicated to the ROM 50, is coupled
to the buffer 99 through gate 100, disabling this buffer
(during the reading of ROM 50). Also, the ready signal
causes the CPU to come to a hard stop. Importantly, the
DMA T signal, after passing through the inverter 94 and
the gates 88 and 89, assures the selection of the Z-regis-
ter. The contents of the Z-register are fixed and provide
a pointer to a page in the RAM.

Under the above conditions, the CPU increments the
lower 8-bits of the address signal. The ROM 50 fur-
nishes the instructions for incrementing the address,
specifically SBC #1 and BEQ. The peripheral appara-
tus provides the data or receives the data in synchroni-
zation with the CPU operation. The peripheral also
furnishes a read/write signal to indicate which opera-
tion is to occur. Data is then written into RAM via bus
N2 and bus 42, or read from RAM via the A and B buses
and bus N2.

Importantly, with the above DMA arrangement,
addresses from the peripheral apparatus are not neces-
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sary and the Z-register is used to provide a pointer to a
page in RAM 60.

MEMORY SUBSYSTEM

The memory sybsystem shown in FIG. 1 as the ad-
dress control means 59 and RAM 60 is illustrated in
detail in FIGS. 4, 5 and 6 as mentioned. In FIGS. 4 and
5, the memory control means is shown, while in FIG. 6
the memory devices and their organization are illus-
trated. The address control means of FIGS. 4 and §
receives the address signals from the CPU 65 (Ag-A}s),
the count in the vertical and horizontal counters
(counter 58 of FIG. 1) which are used during display
modes, control signals from the CPU and other signals.
In genreal, this control means develops the address
signals which are coupled to the RAM of FIG. 6 includ-
ing the column address and row address signals, com-
monly referred to as CAS and RAS. Other related func-
tions are also shown in FIGS. 4 and §, such as the cir-
cuitry which provides display scrolling, indirect RAM
addressing and memory mapping.

The CPU of FIG. 3 provides a 16-bit address for
addressing the memory. Under ordinary circumstances
this address limits the memory capacity to 64K bytes.
This size memory is insufficient in many applications, as
for example, to effectively use the Pascal program lan-
guage. As will be described in greater detail, the address
control means of FIGS. 4 and 5 enable the use of a
memory having a 96K byte or 128K byte capacity. One
well-known technique which is used with the present
invention for increasing this capacity is bank switching;
this switching occurs under the contol of the CPU. In
addition, the address control means uses a unique indi-
rect addressing mode which provides the benefits of
bank switching, however, this mode does not require
CPU control. This greately enhances CPU operation
with the larger memory (as will be described) when
compared to the CPU controlled bank switching.

Referring first to FIG. 6, the RAM configuration is
illustrated for a capacity of 96K bytes. The memory is
organized into six rows, each of which includes eight
16K memory devices such as rows 111 and 112. In the
presently preferred embodiment, Part No. 4116 MOS
dynamic RAMs are used. (The pin designations and
signal designations refer to this memory device.) Obvi-
ously, other memory devices may be employed.

Input data to these memory devices 106 is provided
from the bus 42. Each line in the bus 42 is connected to
the data input terminal of one device 106 in each row.
The interconnection of this bus with each of the mem-
ory devices is not shown in FIG. 6 in order to overcom-
plicate this drawing. By way of example, however, line
107 connects the data bit D7 to the data input terminal
of one of the memory devices in each of the six rows.

Three rows of devices 106 have their output termi-
nals coupled to the A bus, and three rows are similarly
coupled to the B bus. By way of example, line 108 con-
nects three output terminals of devices 106 to the DB7
line of the B bus while line 109 connects three output
terminals of the devices 106 to the DA7 line of the A
bus.

The described memory devices 106 are each orga-
nized as a 16KX1 memory. Thus, each device receives
a 14-bit address which is time multiplexed into two,
7-bit addresses. This multiplexing occurs under the
control of the CAS and RAS signals as is well-known.
The lines coupling the address signals to each of the
devices in FIG. 6 are not illustrated. However, in the
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lower right-hand corner of FIG. 6, the various signals
applied to each device (including the address signals),
along with the corresponding pin numbers are shown.
Other circuitry not illustrated is the refresh control
circuitry which operates in a well-known manner in
conjunction with the CAS, RAS and address signals to
refresh the dynamic devices.

Each row of memory devices 106 receives a unique
combination of CAS and RAS signals. For example,
row 111 receives CAS 5, 7 and RAS 4, 5; similarly, row
112 receives CAS 0 and RAS 0, 3. The generation of
these CAS and RAS signals is described in conjunction
with FIG. 5. These signals (along with the 14-bit ad-
dress signals) permit the selection of a single 8-bit loca-
tion in the 96K byte memory (for writing) and also the
selection (for reading) of 16-bit locations.

The memory of FIG. 6 may be expanded to a 128K
byte memory by using 32K memory devices, such as
Part No. 4132. In this case, four rows of eight, 32K
memory devices are used with each row receiving two
CAS and RAS signals.

Before reviewing FIG. 4, a general understanding of
the organization of the display is helpful. The display,
during certain modes, is organized into 80 horizontal
segments and 24 vertical segments for a total of 1920
blocks. 11-bits of the counter 58 of FIG. 1 are used as
part of the address signals for the memory to access data
for displaying during these modes. These counter sig-
nals are shown in FIG. 4 as Ho-Hs and Vo-Va4. During
other display modes each horizontal segment is further
divided into 8 segments (e.g. for displaying 80 alpha
numeric characters per line). This requires 3 additional
vertical timing signals shown as V4, Vg and V¢ in
FIGS. 4 and 7.

Often in the prior art, two separate counters are used
to supply the timing/address signals for accessing a
memory when the data in the memory is displayed. The
count in one counter represents the horizontal lines of
the screen (vertical count) and the other the position
along each line, (horizontal or dot count). In many prior
art displays the most significant bit of the dot counter is
used to increment the line counter. Data in memory
intended for display is mapped with a one-to-one corre-
lation to the counts in these counters. In another prior
art system (implemented in the Apple-II computer sold
by Apple Computer, Inc.) this one-to-one correlation is
not used. Rather, to conserve on circuitry, a single
counter is employed and a more dispersed mapping is
used in the memory. (Note that where a maximum hori-
zontal count of 80 is used, this number cannot be repre-
sented by all ones in a digital counter and thus the verti-
cal counter cannot easily be incremented by the most
significant bit in the horizontal counter.) Since this
more dispersed mapping technique is part of the prior
art and not critical to an understanding of the present
invention, it shall not be described in detail. However,
the manner in which it is implemented shall be discussed
in conjunction with the adder 114 of FIG. 4. For pur-
poses of discussion, the signals from the counter 58 of
FIG. 1 are designated as either vertical (V) or horizon-
tal (H).

Referring now to FIG. 4, the selection of either the
counter signals on the address signals from the CPU is
made by the multiplexers 116, 117, 118 and 119. Each of
these commercially available multiplexers (Part No.
153) couples one of four input lines to an output line.
There are eight inputs to multiplexers 116, 117 and 118
and the outputs of these multiplexers provide the ad-
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dress signals for the memories (ARO through ARS). The
multiplexer 119 has four inputs on its pins 3, 4, 5, 6 and
provides a single output on pin 7, the AR6 address
signal. (The signals supplied to pins 11, 12 and 13 of
multiplexer 119 are for clamping purposes only.)

The AX signal is applied to the pin 14 of each of the
multiplexers. The signal on this line and the signal ap-
plied to pin 2, determines which of the four inputs is
coupled to each of the outputs of the multiplexers. The
AX signal is a RAM timing signal for clocking the first
7 bits and second 7 bits of the multiplexed 14-bit address
applied to each of the memory devices 106. The other
control signal to the multiplexers is developed through
the AND gate 123. The inputs to this gate are the dis-
play signal (DSPLY) which indicates that the computer
is in a display mode and a clocking signal, specifically a
IMHz timing signal (C1M). The output of the AND
gate 123 determines whether the address signals from
the CPU or the signals associated with the counter 58 of
FIG. 1 are selected.

Assume for purposes of discussion that the display
has not been selected, and thus, the output of gate 123 is
low. The AX signal then selects for pin 7 of multiplexer
116 first the address signal Ag and then A¢. Likewise,
each of the multiplexers selects an address signal (ex-
cept for those associated with exclusive OR gates 124
and 125 which shall be discussed). If the display signal
is high and an output is present from the gate 123, then,
by way of example, the AX signal first causes the H;
signal and then the V| signal to be connected to the
AR1 address line. Similarly, signals corresponding to
the vertical and horizontal count are coupled to the
other address lines during display modes.

The adder 114 is an ordinary digital adder for adding
two 4-bit digital nibbles and for providing a digital sum
signal. A commercially available adder (Part No. 283) is
employed. The carry-in terminal (pin 7) is grounded
and no carry-outs occur since one of the inputs (pin 12)
is grounded. The adder sums the digital signal corre-
sponding to Hj, Hs and Hs with the digital signal corre-
sponding to V3, V4, V3, V4. The resultant sum signal is
coupled to the multiplexers 116, 117 and 118 as illus-
trated. the summing of these horizontal and vertical
counter signals is used to provide the more dispersed
mapping as previously discussed.

The adder 121 is identical to adder 114 and is coupled
to sum the three least significant vertical counter bits
from the counter 58 (FIG. 2) with the signals VA1, VB1
and VC1. The sum is selected by the multiplexer 120
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development of the C; and Cj signals is illustrated in
FIG. §5.) The gates 124, 125 and 126 provide mapping
compensation within the memory. As the computer and
memory are presently implemented, the sequence in
which the various portions of the display are generated
is not the same as the sequence in which the data is
removed from memory for display. These gates provide
compensating addresses and, in effect, cause a remap-
ping so that the proper sequence is maintained when
data is read from the memory for the display. These
gates are shown to provide a complete disclosure of the
presently preferred embodiment, however, they are not
critical to the present invention.

In operation, the circuitry of FIG. 4, as mentioned,
selects the address signals which are applied to each of
the memory devices, either from the CPU or counter if
the display mode is selected. It should be noted that not
all of the address bits from the CPU are coupled to the
multiplexers 116 through 119. Some of these address
bits, as will be described in conjunction with FIG. 5, are
used to develop the various CAS and RAS signals and
thus select different rows within the memory of FIG. 6.

The scrolling operation which is used is somewhat
unusual in that each line of the display is separately
moved up (line-by-line) with one line of data in memory
being moved for each frame. This technique provides a
uniform, esthetically pleasing, scroll. Scrolling the
screen one line per frame can be achieved by moving all
the data in the memory into a new position for each
frame. This would be very time consuming and imprac-
tical. With the described technique, only one-eighth of
the data in the memory is moved for each new frame.

Referring to the adder 121, as mentioned, the signals
V4, Vg Vc are the three least significant vertical
counter bits from the counter §8. These bits or counts,
by way of example, represent the 8 horizontal lines of
each character. In adder 12, a 3-bit digital signal, VAL,
VB1 and VC1, is added to the count from counter 58.
This 3-bit signal is constant during each frame, how-
ever, it is incremented for each new frame.

During a first frame, 000 is added to the vertical
count. During a second frame, 001 is added; and during
a third frame, 010 is added, and so on. By adding this
digital signal to the count from counter 58, the ad-
dresses to the memory are changed in the vertical sense.
During the first frame when 000 is added, the display
remains unaffected. During the next frame, when 001 is
added to the vertical count, instead of first displaying
the first line of a character, the second line of each

during the high resolution display modes and also dur- 50 character is displayed at the top of each character space
ing scrolling as will be described. These sum signals are and each subsequent line of the character is likewise
coupled to the multiplexers 117, 118 and 119. During moved up one line. If data in memory is not moved, the
the low resolution display modes, the multiplexer 120 first line of the character would appear at the bottom of
couples ground signals or the page 2 signal (PG2) to the each character. Note when 001 is added to 111 from the
multiplexers 117, 118 and 119. (The PG2 signal is used 55 counter, 000 results. Thus, the first line of characters
for special mapping purposes, not pertinent to the pres- would be addressed when the beam is scanning the
ent invention.) During the high resolution modes when eighth line of characters. To prevent this, the data cor-
the display is not being scrolled, the VA1, VB2 and responding to the first line of each character is moved in
VB3 signals are at ground potential and thus no sum- memory for this frame. The first line of one character is
ming occurs within adder 121 and the VA, VB and VC 60 moved up and becomes the bottom line of the character
signals are coupled directly to the multiplexers 117, 118 directly above it. When 010 is added, the process is
and 119. again repeated. For example, the third line of each char-

The address signals Ao, A1, and A3 from the CPU acter is first displayed in each character space and the
are coupled to the multiplexers 117, 118 and 119, re- second line of each character is moved up to become
spectively, through exclusive OR gates 124, 125, and 65 the bottom line of the character directly above it. This

126, respectively. The other input terminals to gates 124
and 125 receive the C3 signal, while the other input
terminal of the gate 126 receives the C; signal. (The

process is repeated to scroll the data. The movement of
data in memory is controlled by the CPU in a well-
known manner.
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Thus, through use of adder 121, an even, continuous
scroll is obtained without moving all the data in mem-
ory for each frame. Rather, only ith of the data is
moved for each frame. )

Referring now to FIG. §, the circuitry used to extend
the addressing from the CPU is illustrated. In general,
the CAS si&sals are generated by the ROMs 127 and
128. The signals are generated by the ROM 132.
The multiplexer 130 allows the selection of either the
bank switching signals, or the unique indirect address-
ing mode when “bank switching” occurs without direct
commands from the CPU.

The CAS ROM 127 receives as an address the fol-
lowing signals: PRAS,$3, PRAS 12 AY, DHIRES,
R/W, Ay, A13, A4, and Ays. As the PRAS, 3 and
PRAS 1, 2 represent the RAS signals being used. These
signals are high when the respective RAS signal is ac-
tive.

As previously mentioned, the AY signal is high for
display modes and the DHIRES signal is high for high
resolution display modes. The CAS ROM 128 receives
as address signals the ABK1, ABK2, and ABK3 signals
and also DHIRES, AY, IND, A, A3, A4, and Ajs.

The ROMS 127 and 128 are programmed to imple-
ment the following equations.

12

4. These four signals (or alternatively four signals from
the A bus) provide four of the inputs (address signals) to
the ROM 132. The other inputs to this ROM are the
DHIRES, Z PAGE, PAS, PA1S5, RFSH (refresh), and
AY signals. These address signals select the RAS 0, 3;
RAS 1, 2; RAS 4, 5 and RAS 6, 7 signals. The ROM 132
is programmed to implement the following four equa-
tions.

PRAS0,3 =AY-(DHIRES + RFSH) + (ABK4(Z
Page-PAS))+ ABK1-ABK2.ABK3)AY )

PRAS1,2=AY(DHIRES + RFSH) + AY.(ABK-
1.ABK2-ABK3.(ABK4-(ZPAGE-PAS).PA1S-
)+ABK1.ABK2-ABK3)+AY-ABK3-(ABK-
1.ABK2.-ABK4-(ZPAGE-PAS)-PA15+ ABK-
1-ABK2(ABK4-(ZPAGE.-PAS).PATS) )

PRAS4,5=RFSH-AY + AY-ABK2-ABK3-(ABK-
T.ABK4(ZPAGE-PAS)-PA15+ ABK1(ABK-
4(ZPAGE-PAS).PATS) ®)

PRAS6,7=RFSH-AY +AY-ABK3(ABK1-ABK-
2.ABK4(ZPAGE-PAS)-PA15+ABK1-ABK-
2.(ABK4-(ZPAGE-PAS).PATS)

25 Thus, the bank switching signals (along with the other
PCASO=(PRASO,3.(DHIRES-AY +AY-(ATS-Al- input signals to ROM 132) select predetermined rows in
4AT3ATI-R/WN + AT5-A14-A13.R/WN +Al- memory in conjunction with the CAS signals.
SAAR+AISAIAIZALD) M The output signals of the ROM 132 are coupled
PCAS2=(DHIRESAY + AY-(ABKI ABKZ ABK- . through the NAND gates 142, .143, 144 and 145 to the
3.IND + ABK1-ABK2-ABK3)-(AT5-A14- memory. The other input terminals of these gates re-
)+AY-IND-ABK1-ABK2- ABK3-AT5-(A14-A13- ceive the RAS timing signal. In this manner, the output
+ALKAL) @ signals of the ROM 132 are clocked through the gates
PCAS3=PRASO. 142 through 145 to provide the RAS signals shown in
3(DHIRES-AY + AY-(AIS-AT4-AT3-Al1 + Al- 35 FIGS. 5and 6.
5-A14.AT3ATI + A15-A14AT3)) 3) An important feature to the presently described com-
PEASTS = (AY.IND. ABKS. ATSABK1.ABK puter is provided by the circuitry shown within the
34 A'B,Zl(). ABK2) AL o dotted line 146. The AND gate 148 receives, at its input
§W~A13+Aum)+ AY-IND-ABK3-(ABK- terminals, the DA7, A3, and Cj signals. The NOR gate
-ABK1.A15+ ABK2-ABK1+ABK2 ABK- 149 receives the zero pa; d A;ssignal. The output of
2 KAl 40 page and Assigna e output 0
;:g?ﬂ: ,:‘,:'WD'ABKLABKZ'AB (Al gate 149 provides one input to the gate 148 and also one
AT&AT3)+AY-IND-ABK3-ABK2(ATS-ABK- input to the AND gate 150. The output of gate 148
1+ A15-ABK1)-(AT4-AT3 + A14-AT3)) O] provides another input signal to gate 150 and this signal
PCASS (line 153) is one of the two control signals coupled to
7= (;\Y-I_N_p-m.( ABK1.ABK3 + ABKI. 45 the rpultxplexer l§0. The AND gates 150 and 151 also
ABK2)-(A15-A14-A13+ A15.A14-A13) + AY.I- receive a SYNC signal and the ¢y signal. The output of
ND-ABK3(ABK2 ABK1-A15+ ABK2-ABK- the gates 150 and 151 are coupled to a NOR gate 152
:;‘;Lﬁ%zgk’:‘ixxﬁ@%% with the output of t.he gate 152 (ling 154) coupled to the
3.ABK2.(A15-ABK1+A18.ABK1)(A14-A13- other control terminal of the multiplexer 130.
+A14AT3)) 50

)

In effect, these ROMs are programmed to allow selec-
tion of predetermined rows in the memory, based on the
address signals Ao, A3, A14 and As, (ignoring for a
moment the contribution of the RAS signals and the
other signals appearing in the equations).

The outputs of the CAS ROMs 127 and 128 are cou-
pled to the register 131. Register 131 is a commercially
available register which permits the enabling of output
signals (Part No. 374). During accessing of the memory
the various CAS signals (CAS 0 through CAS 7) are
coupled to the memory of FIG. 6 to permit selection of
the appropriate memory devices. The signal USELB
from CAS ROM 127 through register 131 selects either
the A bus or B bus. This signal is coupled to the multi-
plexers 43a and 43b of FIG. 3.

During normal operation, the multiplexer 130 selects
the bank switching signals BCKSW 1 through BCKSW

60

65

The gates 150, 151 and 152 effectively form a clock
for multiplexer/register 130 (multiplexer 130 is a com-
mercial part, Part No. 399, which effectively is a regis-
ter/multiplexer). This selects the lower four input lines
to the multiplexer 130. However, because of the syn-
chronization signal applied to gate 151, the multiplexer
130 selects the bank switching signals each time an OP
code is fetched by the CPU.

To understand the operation of the circuit shown
within the dotted line 146 it should be recalled that the
memory of FIG. 6 provides a 16-bit output. As men-
tioned, during certain display modes, 16-bits/msec. are
needed for display purposes. In nondisplay modes, only
8-bits are required, particularly for interaction with the
CPU. When the memory is addressed by the CPU dur-
ing the indirect addressing modes the data on the A bus
is not ordinarily used. However, with the circuitry
shown within the dotted line 146, this otherwise *“‘un-
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used” data is put to use to provide the equivalent of the
bank switching signals through multiplexer 130.

Whenever the CPU selects a predetermined range of
addresses, the multiplexer 130 selects the equivalent of
the bank switching signals from the A bus provided
DAT7 is high. (This occurs when addressing as zero page
the address space -1800 through 1FFF.) Once the signal
on line 153 is high it is latched through gates 150, 151
and 152 causing the multiplexer 130 to select the four
bits from the A bus (assuming the timing signals are
high). Even if the next reference from the CPU is not to
this special address range, the multiplexer 130 nonethe-
less remains latched with the four bits from the data bus.
Once the SYN pulse drops, however, which is an indi-
cation that an OP code is being fetched, the signal on
line 154 rises in potential, causing the multiplexer to
switch back to the bank switching signals.

Effectively, what occurs is that when the CPU selects
this special address range, (and provided DA?7 is high)
the bits DAO through DA3 which are stored in mem-
ory, cause a remapping, that is, the address from the
CPU accesses a different part of the memory. With the
fetching of each OP code, the mapping automatically
returns to the bank switching signals. Importantly, the
remapping, which occurs is controlled by the bits stored
in the RAM (DA¢ through DA3). Thus, with the
remapping information stored in RAM, toggling can
occur between different portions of the memory with-
out requiring bank switching signals, or the like from
the CPU. This enhances the CPU’s performance since
CPU time is not used for remapping. Additionally, it
provides an easy tool for programming.

For some program languages it is desirable to sepa-
rate data and the program into separate portions of the
memory. For example, the 128K memory can be di-
vided into two 64K memories, one for program and one
for data. Switching can occur between these memory
portions without the generation of bank switching sig-
nals by the CPU with the above described circuit. This
arrangement is particularly useful when using the Pas-
cal program language.

DISPLAY SUBSYSTEM

The display subsystem 48 of FIG. 1 receives data
from the A bus and B bus and converts the data into
video signals which may be used for displaying alpha-
numeric characters or other images on a standard raster
scanned cathode ray tube display. The display subsys-
tem 48 specifically generates on line 197, a standard
NTSC color video signal and a video black and white
video signal on line 198 (FIG. 8). This display subsys-
tem, in addition to other inputs, receives a synchroniza-
tion signal, and several clocking signals. For sake of
simplicity, the standard color reference signal of
3.579545 MHz is shown as C3.5M. Twice this fre-
quency and four times this frequency are shown as CTM
and C14M, respectively.

Before describing the details of the display subsystem
48, a discussion of a prior art display system will be
helpful in understanding the present display subsystem.
In US. Pat. No. 4,136,359, a video display system is
described which is implemented in a commercially
available computer, Apple-II, sold by Apple Computer,
Inc., of Cupertino, Calif. In this system, 4-bit digital
words are shifted in parallel into a shift register. These
words are then circulated in the shift register at 14 MHz
to define a waveform having components at 3.5 MHz.
Referring to FIG. 9, line 206, assume that the digital
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word 0001 is placed in the shift register and circulated
at a rate of 14 MHz. The resultant signal which has a
component of 3.5 MHz is shown on line 206. The phase
relationship of this component to the 3.5 MHz reference
signal determines the color of the resultant video signal.
This relationship is changed by changing the 4-bit word
placed in the shift register. As explained in the above-
referenced patent, if the signal 1000 is placed in the
register and circulated, the resultant phase relationship
of the 3.5 MHz component results in the color brown,
this signal is shown on line 208. With this prior art
technique, the luminance was determined by the DC
component of the signals such as shown on lines 206 and
208.

The display subsystem 48 of FIG. 1 also uses 4-bit
words to generate the various color signals in a manner
somewhat similar to the above-described system. Refer-
ring to FIG. 8, 4-bit words representative of colors (16
possible colors) are coupled to the bus 180. (The genera-
tion of these words shall be described in detail in con-
junction with FIG. 7.) Instead of using a shift register
which circulates the 4-bit work, the same result is
achieved by using a multiplexer 205 which sequentially
selects each of the lines of the bus 180. The signals on
bus 180 also provide a luminance signal and a black and
white video signal with a gray scale.

The 4 lines of the bus 180 are coupled to multiplexer
205; this multiplexer also receives the C7TM and the
C3.5M timing signals. These two timing signals cause
each of the four lines to be sequentially selected and
coupled to line 191. (Note that the order in which each
of the lines of the bus 180 is selected does not change.)

In effect, the multiplexer operates to serialize the
parallel signal from bus 180. Assume for sake of expla-
nation that the digital signals on bus 180 are 1000 as
indicated in FIG. 8. The signal on line 191 will then be
10001000 . . . . The output of the multiplexer 205 cou-
pled to the input of the inverter 204 also receives in a
sequential order, the signals from bus 180, however, in
a different order. For the example shown, the input to
inverter 204 is 00100010. . .. After inversion, this results
in the signal 11011101 ... on line 192. Effectively, the
signals on lines 191 and 192 are added by resistors 199
and 200. The resultant waveform is an AC signal (no
DC component) shown in FIG. 9 on line 209. Thus,
with the described circuit, a chroma signal is generated,
having a predetermined phase relationship to the 3.5
MHz color reference signal. This phase relationship
which is varied by changing the signals on bus 180
determines the color of the video signal on line 197.

In the prior art display discussed above, the DC com-
ponent of the color signal determines the luminance. In
the present invention, the signals on bus 180 are coupled
to the base of transistor 195, consists of an AC signal
from resistors 199 and 200, and the luminance level also
determined by the signals on bus 180. These inputs to
transistor 195, along with the C3.5M signal, generate a
NTSC color signal on line 197 of improved quality
when compared to the discussed prior art system.

In some cases, the signals on bus 180 are all binary
ones or all binary zeros. When this occurs, there is no
AC component from resistors 199 and 200 (no color
signal) and the resultant signal on line 197 is either
“black” or “white.”

The lines of bus 180 are also coupled through resis-
tors to the base of a transistor 196. Each of these resis-
tors have a different value to provide a “weighting” to
the binary signal.
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This weighting is used for non-color displays to pro-
vide “gray” shades as opposed to having a display with
only black and white. The binary signals on bus 180
drive the transistor 196 to provide a video signal on line
198. RGB is generated with weighted sums of these
same five signals.

Referring now to FIG. 7, data from memory is cou-
pled from the A bus and B bus to registers 159 and 158,
respectively. These registers are clocked by the 1 MHz
clocking signal and its complement, thus permitting the
sequential transfer of 8-bit words every 0.5 msec. As
will be described, in some display modes the data is
transferred at the 2 MHz rate, and in other display
modes, at a | MHz rate.

The registers 158 and 159 are coupled to an 8 line
display bus 160. This display bus transfers data to regis-
ters 164 and 173, and also addresses to a memory 162.
The registers 164 and 173 and memory 162 are enabled
during specific display modes as will be apparent.

The character memory 162, in the presently preferred
embodiment, is a random-access memory which stores
patterns representative of alpha-numeric characters.
Each time the computer is powered up, the character
information is transferred from the ROM 50 into the
character memory 162 during an initialization period.
During character display modes, the signals from the
display bus 160 are addresses, identifying particular
alpha-numeric characters stored within the character
memory 160. The vertical counter signals V4, Vg, and
V¢ (previously discussed in conjunction with adder 121
of FIG. 4) identify the particular line in each character
which is to be displayed. Thus, the generation of the
digital signals representative of each of the characters
occurs in an ordinary manner. The 7-bit signal represen-
tative of each line of each character (memory output) is
coupled to the shift register 167. Through timing signals
not shown, either the register 164 or the character mem-
ory 162 is selected to allow the shift register 167 to
receive either data directly from the A bus or B bus, or
alpha-numeric character information from the memory
162.

The 7-bits of information from either memory 162 or
register 164 are serialized by the shift register 167 either
at a 7 MHz rate or 14 MHz rate, depending upon the
display mode. The serialized data is coupled by line 185
to the multiplexer 169, pins 1 and 4. The inverse of this
data is also coupled to muitiplexer 169, pin 3. Line 185
is also coupled as one input to the multiplexer 166 and to
the register 170 (input 1).

The output 1 of register 170 (line 186) is coupled to
the multiplexer 169, pin 1; to register 170 (input 2); and
to multiplexer 166. Output 2 of register 170 (line 187) is
coupled to input 3 of register 170 and also to multiplexer
166. Output 3 of register 170 (line 187) provides a third
input to the multiplexer 166. Input 4 of the register 170
receives the output of the multiplexer 169 (line 189).
Output 4 of register 120 (line 190) provides one control
signal for the multiplexer 171.

The multiplexer 171 selects either the four lines of bus
183 or the four lines of bus 184. The output of multi-
plexer 171, bus 180, provides the 4-bit signal discussed
in conjunction with FIG. 8. During one of the high
resolution display modes (AHIRES), the multiplexer
171 is controlled by a timing signal from the output of
the gate 178.

The multiplexer 166 selects either the lines of bus 181
or bus 182. The output of this multiplexer provides the
signals for the bus 184. In all but the AHIRES display
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mode, multiplexer 166 selects bus 181. Thus, typically,
the multiplexer 171 receives the signals from bus 174.

For purposes of description above, and also for pur-
poses of explaining for some of the display modes below
a simplifying assumption has been made. The signals
coupled to the bus 180 by multiplexer 171, for most
modes, are controlled by the serialized signal on line
190. This serialized signal is in sychronization with the
C7M or C14M clocking signals. The multiplexer 205 of
FIG. 8, which as described above, does the “spinning”
for the parallel digital signal on bus 180, operates in
sychronization with the multiplexer 171. In the descrip-
tion above, and except when otherwise noted below, it
is assumed that, by way of example, if the multiplexer
171 is coupling all binary ones and zeros onto bus 180,
the signal on line 191 will be either ones or zeros. Also
for this condition the signal on line 192 will be all binary
zeros or ones, and thus, no AC signal is generated at the
base of transistor 195. However, as actually imple-
mented, there is a ‘“‘phase” difference between the
clocking of the multiplexer 171 when compared to the
sampling of the signals from bus 180 by the multiplexer
205. This results in a first constant AC signal on the gate
of transistor 195 even when it appears that all binary
ones are on bus 180, and a second constant AC signal
when all binary zeros are on the bus 180. Thus, in this
specification, when it states that “black™ or “white”
signals are being generated, instead, as currently imple-
mented, two constant colors are generated on a color
display. Where a true black and white is desired, color
suppression is introduced such as through the color
burst signal.

The circuit of FIG. 7, along with the circuit of FIG.
8, provides the capability for several distinct display
modes. The first of these modes provides a display con-
sisting of 40 characters (or spaces) per horizontal line.
This requires a data rate of 8-bits/MHz or half the data
rate the memory is capable of delivering. In this mode,
data is loaded from the A bus during every other 0.5
usec period. (B bus is not used during this mode.) This
data addresses the character memory 162, and along
with the signals V 4, Vand V, provides the appropri-
ate character line (7-bits) to the shift register 167. Dur-
ing this mode, registers 164 and 173 are disabled. The
shift register 167 for this mode shifts the data at a data
rate of 7 MHz (note CH80 is high, allowing the 7 MHz
signal from gate 175 to control the shift register 167).
Each 7-bit signal is shifted serially onto line 185 and
then to line 189 since multiplexer 169 selects pin 4. The
data is shifted through the register 170 onto line 190.
The serial binary signal on line 190 causes the selection
of buses 183 or 184.

The four lines of bus 183 during this mode are cou-
pled to +V (register 173 is disabled); therefore the
selection of bus 184 provides four binary ones. The
selection of bus 184 provides four binary zeros through
bus 181. Thus, the serial binary signal on line 190 pro-
vides either all binary ones or all binary zeros to bus
180. As discussed, the circuit of FIG. 8 will provide a
black and white display with 40 characters per line.

If the inverse and flashing timing means 172 is se-
lected, each time the shift register 167 is loaded, multi-
plexer 169 shifts between pins 3 and 4. This causes the
characters to change from white characters on a black
background to black characters on a white background,
and so on.

During the 80 character per line display mode, the
registers 158 and 159 are each loaded during sequential
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0.5 usec periods (this utilizes the 2 MHz cycle rate
previously discussed). The shift register 167 shifts the
character data from memory 162 at a 14 MHz rate. The
serialized data at the 14 MHz rate is shifted through the
register 170 and again controls the multiplexer 171 as
previously described. (Note that register 170 is always
clocked at the 14 MHz rate.) Flashing again can be
obtained as previously discussed.

In another alpha-numeric character display mode, the
background of each character may be in one color and
the character itself (foreground) in another color. This
mode provides 40 characters per line. The character
identification (address for RAM 162), is furnished on
the A bus to register 159 at a frequency of 1 MHz. The
color information (background color and foreground
color) is furnished on the B bus as two 4-bit words to
register 158. In the manner previously described, the
address from register 159 selects the appropriate char-
acter from memory 162 and provides this information to
shift register 167. The color information from the B bus
is transferred to register 173. For purposes of explana-
tion, assume that the 4-bits identifying the color red for
the background are on bus 184 (from register 173 and
multiplexer 166) and that 4-bits representing the color
blue for the foreground are on bus 183. (Note that when
register 173 is enabled, the signals from the register
override the binary ones and zeros which otherwise
appear on the lines of bus 174.) The serial binary signal
representative of the character itself on line 190, selects
either the color blue from bus 183 for the character
itself or the color red from bus 184 for the background.
The digital signals representative of these colors are
transferred to bus 180 and provide the color data to the
circuit of FIG. 8. For black and white displays, a
“gray” scale is provided through the weighting circuit
associated with transistor 196 of FIG. 8. Again, the
multiplexer 169 may, through the timing means 172,
alternate between the signal of line 185 and its inverse,
which will have the effect of interchanging the fore-
ground and background colors.

During the high resolution graphics modes, the char-
acter memory 162 is not used, but rather, data from the
memory directly provides pattern information for dis-
play. This requires more mapping of data from within
the main memory since new data is required for each
line of the display. (Note that when characters are dis-
played, the character memory 162 provides the differ-
ent signals required for the 8 lines of each character
row.) During these high resolution modes, the register
164 is enabled and the character memory 162 is dis-
abled. Thus, the data from the A bus and B bus is shifted
into the shift register 167. In these modes, the “HRES”
signal to multipiexer 169 causes this multiplexer to se-
lect between pins 1 and 2. Pin 2 provides the signal
directly from the shift register 167 while the signal on
pin 1 is effectively the signal on line 185 delayed by one
period of the C14M signal. This delay occurs through
the register 170 from input 2 to output 2 since register
170 is clocked at C14M.
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During a first graphics mode, data from the display
bus 160 is loaded into shift register 167 at the rate of
7-bits/MHz. The data is serialized on line 185 and in the
manner previously described for displaying characters,
controls the selection of all binary ones and all binary
zeros through the multiplexer 171. Note, as mentioned
before, in the presently preferred embodiment, unless
color suppression is used, this will not result in a black
and white display, but rather a two-color display. If a
high bit is present on line 140 of the display bus, the
inverse and flashing timing means 172 causes the multi-
plexer 169 to alternate between pins 1 and 2. This
switching occurs at a 1 MHz rate and provides a phase
shift for every other 7-bits of data coupled to the multi-
plexer 171 on line 190. This results in an additional color
being generated on the display for every other 7-bits of
data.

For the above-described graphics modes when shift
register 161 is shifting at a 7 MHz rate, 8-bits may be
coupled to the bus 160 during each period. Specifically,
as in the case of the differing background and fore-
ground colors for the 40 character per line display
mode, two 4-bit color words are shifted into register 173
at a rate of | MHz. Then, the multiplexer 171 selects
between two predetermined colors on buses 183 and
184. Note these colors can be changed at a | MHz rate.

In an additional color mode identified as “AHIRES,”
multiplexer 171 operates under the control of gates 176,
177 and 178. In effect, multiplexer 171 selects bus 184
and latches the signals on this bus every four cycles of
the C14M clock. Data is shifted into the shift register
167 from the A bus and B bus every 0.5 u sec the regis-
ter 167 operates under the control of the C14M signal.
Each data bit on line 185 is shifted first to line 186, then
to line 187 and finally to line 188. These lines are cou-
pled to the multiplexer 171 through multiplexer 166
which selects bus 182 since AHIRES is high. In effect,
what occurs is that 4-bit color words are serialized onto
line 185 and then brought back into parallel on bus 182.
Since multiplexer 171 latches the signals on bus 184
every four cycles of the C14M signal, a new color word
is generated at a 3.5 MHz rate on the bus 180. The
resultant display is 140 by 192 colored blocks wherein
each block can be any one of 16 colors.

In the last display mode, typically used with color
suppression, data is shifted into the shift register 167
from the display bus at the rate of 14-bits/MHz. The
data is serialized onto line 185 and controls the selection
of either all binary ones or all zeros through multiplexer
171. This provides the highest resolution graphics dis-
play for the system.

Thus, a microcomputer with video display capability
has been described. The computer is fabricated from
commercially available parts and provides high utiliza-
tion of these parts. Numerous existing programs includ-
ing many of those which operate on the Apple-II com-
puter, may be employed in the above-described com-
puter.
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13 S 2 R40RBPBSHERR00DESBQBEN S
14 = CRITICAL TIMING
15 REQUIRES PAGE BOUND
14 = CONSIDERATIONS FOR
o CODE AND DATA

18 = 3
19 #
20 =
o1 ow

VIRTUALLY THE ENTIRE
‘WRITE’ ROUTINE
MUS| NOT GROSS
PAGE BOUNTDARIES

CF. i7 . BRANCHES IN

THE 'WRITE ", ‘READ’,

AND WEAD ADR° SUBRS

WHICH MUST NOT CROSS

PAGE BOUNDAR T[S ARE

NOTED IN COMMENTS

e F

-
a3 #

24 =
25 »
26 #
a7 o
28 =
20
3O ##HEERRR RN BRI R
31 % *
32 # EQUATES *
32 = *
34 NBUF1 EQU $200
25 NBUF2 EQU €302
3& ¥

37 HRDERRS
38 DVMOT
3% +«

49 1BSLOT
41 IBIPRVM
42 IBTRK
43 IBSECT
44 IDBUFP
45 1BCMD
4o IDBSTAT
47 1BSMOD
48 CsULUM

49 I0OBPDN
5S¢ 1MASK

* ok ok K k% %k % ¥ &k &k ¥ K X ¥ k W

EQU
EQU

$80
$EO

$81
IBSLOT+1
IBSLOT+2
IBSLOT+3
IBSLOT+4
IBSLOT+6
IBSLOT+7
IBSLOT+S
IBSMOD
IBSLOT+9
IBSLOT+$A
51 CURTHK IBSLOT+3$B
S5& DRVOTRK FaU CURTRK-7
53 :SLOT 4, 'RIVE 1

54 ,SLOT 4, ZRIVE 2

55 ,SLOT S5, DRIVE

56 i SLOT S5, DRIVE 2

57 . SLOY & DRIVE 1

58 ', SL.OT &, DRIVE 2

59 RETRYCNT EQU IBSLOT+s$ic
60 SEEKCNT EQU IBSLOT+$13
&1 BUF EQU IBSLOT+$1A
62 ENVTEMP EQU IBSLOT+$1E
63 #IBSLOT+$1F NOT USED

&4 »

66 2L VGVVLLVVVBAVOGLR LSS

&7 # " [

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EGQU
EQU
EqQU

i
-

P &9

i USED

20

i {ZERQ PAGE AT $300:

ALSO FOR ADDRESS HEADER CKSUM

AFPFLE 71 BOOoT R Lrs7iwe
REVIston) B RoM Goe o £159

68 « —-——--READADR~--- *
&9 * *
TO | RN NN
71 COUNT EQU
72 LAST EQU
73 CKSUM __EQU
74 CSSTV EQU
79 * CHECKSUM,
76 * -
YAAR IZIIIEYTEYTRT YT TR Y RN

78 » *

IBSLOT+%14

IBSLOT+816

SECTOR., TRACK,
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FO00:  __ 79 % -———WRITE---- «
FOO0O: 80 = *
FQOO: 81 x USES ALL NBUFS *
FOQO: __ B2 % AND 32-BYTE % e _
FO0O0: 83 % DATA TABLE ‘NIBL’ =*
FO0O0: 84 = *
FQO00: B HXRERFERRARFRFRNRNARENS 0000
FOO0O0: 86 #
FOQO: B7 335 193 IR IR
FOO00: o 88 # . S L -
FOQO: 89 # = ————- READ~——~ *
FO0O0: 90 % #
FO00: L 91 = USES ALL NBUFS *
FOO0O: 92 # USES LAST 54 BYTES #
FOOO- 93 # OF A CODE PAGE FOR #
FOOQ 94 # SIGNIFICANT BYTES. #* - )
FOCO: 95 # OF DNIBL TABLE. *
FOGCO: b # *
FOOO- CyAR T TR IR 22 222l S h it )
FOQO. 98 =
FOQO: GG 46 %46 % 9 36 96 36 3636 35 96 0 34 3696 90 34 3 3 2
FOOO0 100 = ] * =
FOOQO. 101 » ———— GEEK -——=— *
FOQO: 102 = *
FO00 1 O3 4630 9% 3 336 36 50 36 96 98 3 3 3 3 90 943 3 4 )
0095 104 TRKCNT EQU COUNT ; HALFTRKS MOVED COUNT
00%D. 105 PRIOR EQU IBSLOT+$1C
N B 106 TRKN EQU IBSLOT+%$1D .
FO0O: 107 *
FOO0O: L1 OB #3533 53633030 330 30 30 30 3090 3690 30 3 36 30 6 34
FQQO: 109 + *
FFO00 110 # ———= MSWAIT -——- *
FOo0 111 # #
FOOOQ 112 336363 53 36 36 3 30 36 3 96 36 30 0 36 34 90 36 2 3 36 34
0099 113 MONTIMEL EQU CSSTV+2 i MOTOR-ON TIME
009A: 114 MONTIMEH EQU MONTIMEL+1 ; COUNTERS.
FO00. 115 = )
FO00.: 117 800000000000 08000008 880
FO00Q: 118 # ) » e _
F000: 119 # DEVICE ADDRESS *
FOO0O: 120 # ASSIGNMENTS *
F000: ) 12y« * R -
FOQO: 122 494630 336 3 3 3 3 3 3 35 239
€080: 123 PHASEOQOFF EQU $C0BO ; STEPPER PHASE OFF
cosl: __ 124 PHASEON EQU $CO081 i STEPPER_PHASE ON.
co8cC: 125 QéL EGU $C08C ; @7L, Q6L.=READ
c0o8D: 126 Q6H EQU $C08BD i @71, Q6H=SENSE WPROT
COBE: 127 Q7L EQU  $COBE CLQ7H, G6L=WRITE = _ ..
CO8F: 12€ Q7H EQU $CO8F ; Q7H, Q6H=WRITE STORE
FFEF: 129 INTERUPT EQU SFFEF
FFDF: 130 ENVIRON EQU _ SFFDF e —_ I
0080: 131 ONEMEG EQU €80
OO0O7F: 132 TWOMEG EQU S$7F
FOOO: 133 #RaAiEidRksaasaadmevesssssiesdr -
FO00: 134 *
FO00: 135 # EQUATES FOR RWTS AND BLOCK
FOO00: 136 * o o B
FOO0O: 137 253 5353 3 3 9 3 3 3 8 3 3 I 3 A3 S NN
co8s8: 138 MOTOROFF EQ.J $C088
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23 24
cog%: ____ 139 MOTORON EQU $CO089 = . U
COBA: 140 DRVOEN EQGQU s$COBA
CO8B: 141 DRVIEN EQU $C08B
co81: 142 PHASON EGU '$C081
c080: 143 PHSOFF EQU $C080
0097 144 TEMP EQU (CSSTV i PUT ADDRESS INFO HERE
D097 145 CSUMI1 EQU TEMP N 7*
0098 146 SECT EQU CSUMi+1
0099 147 TRACK EQU SECT+1
0099 148 TRKN1 EQU TRACK
VO9A 149 VOLUME EQU TRACK+1
DGE3 150 IBRERR EGU HRDERRS-3
082 151 [BDERR EQU ARDERRS+D
0081 152 IBWPER EQU HRDERRS+1
0080 153 IBNODRV EQU HRDERRS
F0O00 199 SN ERRNAEINIRNORNRRERRHRRRER
FOO0O0: 196 # S ) .
FQOQ 157 = sLAl WRITE A * .
00 198 # i®.aCh AND SECTOR *
205 199 - ®
FOO0 1ED R ne  nooderadrbbibnd btk hEsL
FGC0Q 161 =
FQOO AQ 01 162 REGRWTS DY #1 ; RETRY COUNT
i-Ohe A& 81 143 L 1BSLOT . GET SLOT # FOR THIS NPERATION
04 B4 94 4 STy SPEKCNT CUNLY ONE RECAL ITWATE PER <Call
7006 R t&s i , DETERMIME INTERUY T STATUS
FOO7 &8 1646 PLA
FOoo8. &6A 167 ROK A
FOO9 &4A 160 ROR A i GET INTERUPT FLAG INTO BIT 7
tuOn LA e ROR A
FOGoB &A 17z ROF A
FOOC 8% 8B 1t STA IMABSK
FOOE AD DF FF 172 LDA  ENVIRON ; PRESERVE ENVIROMMEMT
FO11 85 9F 173 8TA EMYTEMP
FO13 174 = .
FO13 17% 4 NOW CHEL - LF THE MUTOR IS ON. THEN STARY IT
FO13 RS
OIS 20 28 F1 177 JSF L HE DRY SET ZERQ FLAG IF MOTUR STORPEL
Gle 08 178 PHP » SAVE TEST RESULTS
FOL7 AS 89 179 LDA IBBUFP i MOVE OUT POINTER TO BUFFER INT0 7FAGE
FQO19 8% 98 185 STA BUF
Ftn oAs 84 131 1 DA [BBUFP+}
FO1ID He 9¢ T G7Aa  LuF+tl
FOLE a9 EO 1603 L0 #DUVMOT
FO1 95 9A 184 STA MONTTIMEH
F023 AY 8z 194% LDA IBDRVN ; DETERMINE DRIVE ONE OR TWO
FOas C5 8A 186 CHMP  10OBPDN + SAME DRIVE USED BEFORE
FORQ7 3% 24 167 ~hs TODPDN Sl IT FOR NEYT TI1ME
Foew 293 PRRTES PHP ki €P RESULTE F C(OMPARE
Foas o 3R HOR A ob I DRIVE NUMTER (0T CARRY
FQ2B &R 8% 190 I.DA  MOTOROM, X, TUPRM ON THE DKIVE
FORE 20 OF 191 BCC DRIVSEL i BRANCH IF DRIVE § SELECTED
FOOO EY 192 INX ; SELECT DRIVE 2
oy 30 8Aa Do 1953 DRIVESEL DA DRVOEN, X
SN ha 20 4¢ FT {74 JER SETIMEG i INSURE OME MEGAHERTZ OPERATION
FO37 29 193 PP , WAS [T SAME DRIVE™
FD038 FOU OA 194 BEQ OK
FO3A: 2 197 PLP i MUST INDICATE DRIVE OFF BY SETTING ZERO
FO38 AQ 07 198 LDY #7 ; DELAY 150 MS DEFORE STEPPING FLAG)
F23D 20 %4 F1 0 199 DRVWALIT JSR MSWALT , (ON RETURN Ay
FFO40 Gh 200 DEY
FOAT 0D FA 201 BNE  DRVWAIT
FQ43: 08B 202 PHP i NOW ZERO FLAG SET
044 A% 83 203 0K LDA [BTRK ; GET DESTINATIOM TRACK
FO4&6 A4 81 204 LDX 1BSLOT i RESTORE PROPER « (SLOT#1&)
FO&AR 20 2% F1 209 JSR  MYSEEK JAND GO TO IT
OB D04 #NOW AT THE DESIRED YRACK wAaS THE MOTOK
F :an ST e 1IN TO STAPT WITHT
FO4B 2 208 PLP i WAS MOTOR ON?
FQ4C DO 17 209 BNE TRYTRK , IF S0, DON'T DELAY, GET IT TODAY!
FO4E. 210 =
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FOGE 211 ¢ MOTOR WAS OFF, WAIT FOR 1T TO SPEED UP

FOAE 212 -

FO4E: AO 12 213 MOTOF LDY #$12 i WAIT EXACTLY 100 US FOR EACH COUNT
£0%0: 88 214 CONWAIT DEY k

vGS1 DO L e nNE CONWATT "IN MONTINE
Pets B =@ ' {NC O MDNTIMEL - COUNY UP TO 0000

SEARALANN S . BNE  MOTOF

FORY B YA BEE:] INC  MONTIMEH

FOB9 DL F3 R BMNE. MOTOF

FOSB: o221 pavaegagrgvgvpvpegve TS TR I T T2 21 S0 5 A4 24

FOSD: 222 « )

FQ3B 223 # MOTOR SHOULD BE UP TO SPEED

FO%R Bma . 1F 1T STILL LOOKS STOPPED THEN

FOB3 2 s fefl DRIVE TS NOT PRESENT

FOSB 226 *

FOS5B 227 PP S Y2 2 LI T R L 2 X S 0 A b '

FOSB. 20 2B F1 il JSR  CHKDRV , IS DRIVE PRESENT:

FOSE DO 08 R ENE TRY TRK , YES, CONT INUE

FOSD A% B2 o rpiR DUEFE G #LIBNODRY L HO, GET TELL EM ND DR UL

FQoe 4C ER ¢ BN JMP HiDLERR

FOe5 d o

1Y) 53t » MOW CHECK IF [T IS NOT THE FORMAT DISK COMMARD

ro6s 234 %  LOCATE THE CORRECT SECTOR FOR THIS OPERATION

bogmety .. ®

FOLH AT 7 - fhey TR LA I13CMD L OET COMMAND CODE #

FO& Y B 7T : UG AlLLDOMNE LTFONLL COMMAND, GO HAOME T BED
FGo9 €9 03 ) cMP 83 ; COMMAND IN RANGE ™

FOsB BC 73 auw BCS  ALLLDONE S NG, DO NOTHING'

FosD 6A 240 ROP A ) L SET CARRY=1 FOR READ. & FilR WRITE
fFosk B0 O Lo RO THYTRKS L MUST PRENTBBLTIE FUR wi T

FO70 AL DEOFS : LLA  ENVIRON

Fay 2 Tk A R #1 WOMEG JEHIFT TO HiIGH SPCED!

FO75 8D DF FF 244 STA  ENVIRON

FO78.20 C& Fe a3 JER  PRENIBIo

FO7B A0 7F Dde TRYTRRY (DY #17F JONLY 127 RETRIES 0OF ANY KIND

FO7D 84 935 & Lo Py TR

FO7F A& Bt . . oeooteer ,GET SLOT NUM INTO X-REG

F081 20 BD I S . TR 1e , READ* NEX7 ADRRESS FIFLD

FOB4: 90 21 e pgr. RDRIGHT ; IF READ 1T RIGHT, HURRAH!

FOB& 24 KB 2ev TRYADR.S BLT [MASK , SHOULD IMTERUPTS DE Al.LOWED™
FOug 3¢ 01 AL pM{  NOINTR1 i NO. DOM’T ALLDW THEM

CoA T e S . RE-ENABLED AFTER READ/READADR ‘WRIT
RS IS L+ RETRYCMT 5 ANOTHER MISTAEY'! FAILURE
CHey 1 oro e ne TRYADR . WELL, LET IT GO THIS TIME

FOBF A% 8C T LDA CURTRK

FO91 48 P PHA ; SAVE TRACK WE REALLY WANT

FO9s Ct 94 EEas DEC SEEKCNT ; ONLY RECALIBRATE ONCE!'

Fo®d Dy 9F . HNE  DKVERR , TRIED TO RECALIBRATE A SECOMD TIME. .
FUSha A i . LDA #8460 ,RECALIDRATE ALL OVER AGALMNM' ERROR '
FOo3 20 2T F e JSR SETTRK ; PRETEND TO BE ON TRACK 80

FO9B AY 0OC 26 LDA %800

FOSD. 20 0% Fi 267 JSR MYSEEK i MOVE TO TRACK 00

FOAQ 68 263 wiuall  PLA

Foal ol 0n f Tet e Al US5R  MYSEEK ;60 TU CORRECT TRACK THIS TIME!
Fond aC 3 Y MP TRYTRKZ2 , LOOP BACK, TRY AGAIN ON THIS TRACK
FoAT7 Qa7

Foa?7 48 # HAVE NOW READ AM ADDRESS FIELD CORRECTLY

FOA7 269 * MAKE SURE THIS IS THE TRACK, SECTOR, AND VOLUME DESIRED
FOA7 Ad 99 270 RDRIGH! LDY TRACK ; ON THE RIGHT TRACK?

FOA® 4 BC & (R TURTRK

FOAB FO OE Pl BE.  hITRK ; 1F 80, 00D

FOAD 273 ® NeualllRe DN FROM THIS TRACK

FOAD: A3 8C 274 LDA CURTRK , PRESERVE DESTINATION TRACK

FOAF . 48 27% PHA

FOBO: 98 276 TYA ,

FoB1 20 @5 F1 277 JSR SETTRK

FOB4. 48 <78 PLA

rO83:20 09 F1 279 JER MYSEEM
_FOP®: 4C 86 FO 200 JMP__TRYADR2 i GO AHEAD AND RECALIBRATE
FOBR: 282 *

FoEB: |, 283 # DRIVE 1S ON RIQGHT TRACK, CHECK VOLUME MISMATCH

FOBB 284 »

FOBB AS A 28% RTTRK ILDA VOLUME , GET ACTUAL VULUME HERE

FOBD: 8% 89 286 STA IBSMOD S TELL OPSYS WHAT VOLUME Wa5 THERE
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27 28
FOBF A5 98 287 CORRECTVOL LDA SECT i CHEC# 1F THIS IS THE RIGHT SECTOR
FOC1.CS B4 288 CMP 1BSECT
FOC3.FO 02 289 BEQ CORRECTSECT i 1F SO, DO WHATEVER WANTED
FOCS DO BF 290 BNE TRYADR2 , NO, TRY ANOTHER SECTOR
FOCY A% 87 291 CORRECTSECT LDA IBCMD ,READ OR WRITE™
FOCY 4A 292 LSR A ; THE CARRY WILL TELL
FOCA 90 2 293 BCC WRIT ; CARRY WAS SET FOR READ OPERATION,
FOCC 20 4B F1 294 JSR READ16 i CLEARED FOR WRITE
FOCF BO BS 295 BCS TRYADR2 i CARRY SET UPOM RETURN 1F BAD READ
LS AL DF FF 096 L.DA ENVIRON
Fopa 29 TF 297 AND  #TWOMEG
VODA G5 DFOFE 298 STA  ENVIROM ; SET TWO MEGAHERT?Z MODE
FoRY 20 11 F3 299 JSR POSTNIB16 ;DO PARTIAL POSTNIBBLE CONVERSION
FODC BG AB 300 BCS TRYADR2 i CHEKSUM ERRCR
FODE A& 81 301 LDx IBSLOT i RESTORE SLOTNUM INTO X
FOEQ 13 2 ALLDONE Cui
PORl A9 GO 303 i.DA  #%0 . NO ERROR
FQER 90 04 D BLC  ALDONEL ,SKIP OVER NEXT BYTE WI1TH E1Y OPCODE
FOES &8 305 DRVERR PLA i REMOVE CURTRK
FOE&L A9 82 306 LDA #IBDERR i BAD DRIVE
FOES 38 307 HNDLERR SEC i INDICATE AN ERROR
FOET 8% 88 4@ ALIOMNEL GTA IBSTAT i GIVE HIM ERROR#
FOFH BL 88 < 3U9 .DA  MOTOROFF, X ; TURN 1T OFF
rONE 24 88 IH) BIT 1MASK ; GHOIULD INTERUFTS BE ENABLEDS
FOFL 20 Ot 311 BM1 HOINTR2 ; BRANCH IF NOT
FUF2. 28 312 Ci-{
FOF2 AS 9F 313 NOINTR2 LDA ENVTEMP i RESTORE ORIGINAL ENVIRONMENT
FOFS 8L DF F 214 STA  ENMNVIROM
FOFE S0 1S RTS
FOEEOSL 1R e wRO ISR WHITELE L WRITE NYBBLES NOW
FOFC 90 E2 a3t BCC  ALLDONE i IF NO ERRORS
FOFE A9 81 19 LDA #IBWPER i DISK IS WRITE PROTECTED'!
FLOO 50 Eé e BYWC HNDLERR i TAKEM IF TRULY WRITE PRDTECT ERROR
Py A BA K 3 JMF TRYADR2 ; OTHERWISE ASSUME AN INTERUPT MESSED
Fnn KRR THINGS UP
F107% 202 e iMTT IS THE CSEFEKC ROUTINE
F105 5.3 »  SEEKS TRACK ‘N’ IN SLOT #x/$10
F 103 374 # IF DRIVND 1S NEGATIVE, ON DRIVE O
F10% 325 « IF DRIVNO [S POSITIVE, OMW DRIVE 1
P10 TH o«
FOE 0N MY JEEK ASL A { ASSUME TWO PHASE STEPPER
106 BS 95 S CERv ! STA  TRIWNT . SAVE DESTINATION TRACK (%2)
Flos 20 19 FL 309 JSKR ALLOFF ; TURN ALL PHASES OFF TO BE SURE
FLoB 20 3E F1 310 JSR  DRVIMDX ; GET INDEX TO PREVIOUS TRACK FOR CURRENT
F10£ BS 8% 331 LDA DRVOTREK, & DRIVE
FL10 &% 6C il STA  CURTRK CTHIS IS WHERE T AM
FLid AT 99 13 LDA TRKMNI i AND WHERE I°'M GOING TO
Flle 9% &9 133 STA  DRVOTRY . X
F11e 20 00 F3  33% GDUFEW  JSR  SEF¥ i GO THERE'
F119 A0 01 136 ALLOFF  LDY #3 ; TURN GFF ALL PHASES BEFORE RETURNING
F11B 9 337 NXOFF TYA i (SEND PHASE IN ACC.)
F11¢ 2C 4A F3 238 JSR  CLRPHASE. ; CARRY IS8 CLEAR., PHASES SHOLD BE TURNED
FLLIF S5 339 DEY OFF
F120: 10 F9 340 DPL NXOFF ’
F122:46 8C 341 LOR CURTRK ;i DIVIDE BACK DOMN
F124: 60 342 RTS i ALL. OFF. .. NOW IT‘S DARK
F125. 344 »
F125: 345 « THIS SUBROUTINE SETS THE SLOT DEPENDENT TRACK
Fl1e5s 346 = LDCATION
Flas 347 =
F12% 20 3E F1 348 SETTRK JSR DRVINOX _ ; GET INDEX TO DRIVE NUMBER.
F128: 95 85 349 STA DRVOTRK, X
Fl2A: 60 350 RTS
F13B: 351 3352 3043 3 36 96 3 3 3 3 30 3 03 I 36 3 96 6 90 9 36 6 3 %
Fiap 352 =
FleB: 353 ¥ SUKR T TELL IF MOTOR 1S5 STOPPED
120 354
128 359 # [F MOTOR IS STOPPED. CONTROLLER‘S
F128: 356 * SHIFT REG WILL NOT BE CHANGING.
F128 357 =
F12H 358 # RETURN Y=0 AND 2ERC FLAG SET IF 1T IS STOPPED
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29 30
F128 359 =
F-—12B_ 360 I & 36 3 3¢ 58 W W 2% 3% I 36 56 3F 30 33 4 3 33 3 36 W %%
F12B: A0 QO " 3&1 CHKDRV. (DY #0 5 INIT LOOP COUNTER
F12D. BD BC CO 362 CHKDRV1 LDA GéL. X i READ THE SHIFT REG
F130:20 3D F1 363 JSR CKDRTS  ; DELAY _
137 A% 344 T PHA
F13a &8 36% PLA i MORE DELAY
Fras of = 3&b CMF QbL, X i HAS SHIFT REG CHAMGED™
F13t DO 03 367 BNE CKDRTS ; YES, MOTOR IS MOVING
F13f 88 348 DEY i NO, DEC RETRY COUNTER
F131: DG FQ 369 BNE CHKDRV! i AND TRY 2%6 TIMES
13 &0 370 CKDRTS RTS i THEN RETURM
FLaE 371 =
Floa as 372 DRYVINDX PHA i PRESERVE ACC
F13F 8A 373 TXA ; GET SLOT(#$10)/8
F14C 4A 374 LSR A
F141 44 3795 LSR A
F14. 44 37¢& LSR. A }
Fl1as o 81 377 DRA IBDRVN i FOR DRIVE O UR 1
F18% Ad 378 TAX ; INTO X FOR [MDEX TO TABLE
Fl14e &R 379 PLA i RESTORE ACC.
F147 &0 380 RTS
Fi148 381 3 & 35 3k I 3 3 56 3 35 38 3 3 30 36 36 I ¥ 3 I 3 36 3 3 % W W % %
F142 382 =+
F14c 383 * NOTE: FORMATTING ROUTINES
£14¢ 384 # NOT INCLUDED FUR S0OS
F145 385 #
F14a 386 36 35 3¥ 4 4 I 3 36 I 36 3 36 6 I 3F 3 36 W I 36 3 3% 6 B KN %
148 JP8 S008IV BRI PORER BRSNS
F148: 9 » .
F148: 390 # READ SUBROUTINE *
F148: 391 = (16-SECTOR FORMAT) *
F148: _ 392 # * - -
F148: T IYRTYRTNI L2 L
F148: 394 * »
F148: 395 # READS ENCODED BYTES # . _
F148 394 # INTO NBUF1 AND NBUF2 #*
F148 397 % *
F148: 398 # FIRST READS NBUF2 * e
F148: 399 = HIGH TO LOW. *
F148: 400 * THEN READS NBUF1 *
F148: 401 » LOW TO HIGH. *
F148: 402 * *
F148: 403 » ———= ON ENTRY —-—=—- *
F148: 404 * : *
F148: 40% » X-REG: SLOTNUM *
F148 406 * TIMES $10. »
F148: 407 # *
F148: 408 # READ MODE (Qé6L, Q7L) #
F148 409 » »*
F148 3410 # ——m= ON EXIT —==—-— * L .
F148: 411 » *
F148 412 # CARRY SET IF ERROR. *
F148: 413 = o * el
F148 414 » 1F NO ERROR: *
F148 415 « A—-REG HOLDS $AA. * -7 -
F148: 416 = X-REG UNCHANGED.  # e
F148 417 » Y-REG HOLDS $00. *
F148: 418 « CARRY CLEAR. *
F148 __ 419 % -—-— CAUTION —=--- S
F148 420 * *
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31 32

F148: 421 » OBSERVE *

F148: 422 # _ ‘NO PAGE CROSS’ _ _+ _ _ _ __ _ _ ____

F148: 423 » WARNINGS ON *

F148: 424 « SOME BRANCHES!! *

F148: 425 » o . B o o

F148: 426 * —=-== ASSUMES -—-- *

F148: 427 = ™

F148 428 * 1 USEC CYCLE TIME  * o o

F148: 429 » »

F148: Q30 #9223 A PSS

F148 A0 20 431 READ1& LDY #%$20  ; ‘MUST FIND’ COUNT.

F14A 88 432 RSYNC DEY ; IF CAN'T FIND MARKS -

148 FO 6B 433 BEG RDERR ; THEN EXIT WITH CARRY SET

F14D BD BC CO 434 RD1  LDA @G6L, X i READ NIDL. -

F150: 10 FB 435 BPL RD1 ; #%% NO PAGE CROSS!' ##%

F152. 49 D% 436 RSYNC1 EOR #$D5 i DATA MARK 17

F154. D0 F4 437 } ~ _BNE RSYNC i LOOP IF NOT. o

F156 EA 438 NOP i DELAY BETWEEN NIBLS.

F15%57 B 8C CO 439 RD2 LDA Q6L. X

F15A 10 FB 440 _ BPL. RD2 i ##3 NO PAGE CROSS! ##x*

F15C:C9 AA 441 CMP  #8%AA ; DATA MARK 27

F15SE:. DO F2 442 BNE RSYNC1 i (IF NOT., IS IT DM1?)

F160:A0 35 = 443 _LDY #8335 3 INIT NBUF2 INDEX.

Fl1&2 444 » (ADDED NIBL DELAY)

F162 BD 8C CO 44% RD3 LDA Q6L X

F16%3 10 FB 446 BPL RD3 ; #w# NO PAGE CROSS' #%w

F167 C9 AD 447 . CMP _8%AD i DATA MARK 37

149 DO E7 448 BNE RSYNC1 , (IF NOT, 1S IT ODMI™)

168, 449 = (CARRY SET IF DM3')

F146B. BD 8C CC 450 RD4 I.DA Q6L X

F16E 10 FB 451 BPL. RD4 ; #4% MO PAGE CRUSS! #+#»

F170 99 02 03 452 STA MBUF2, Y . STORE BYTES DIRECTLY

F173 AD EF FF 4573 LDA INTERUPT :POLL INTERUPT LINE .

Fl/7¢ 05 8B 354 ORA IMASK L CTHIS MAY BE D L irEsan TDATE FOLL

f176 17 40 455 BPL  GOSERV

Frin 2g ase DEY . INDEX TO NEXT

F17B 10 EE 4% BPL. RD4

F17D.C8 458 RDS INY C(FIRST TIME Y=0)

F17E BD BC (U 459 RDYA LD&  asl. X GET ENCODED BYTES 0OF NBUF1

S 1)l 1O FB G460 BPL. RDSA

FIRE 99 00 Q. 461 51A NEUF L, Y

| 18c AD EF Fi 4s2 L& 1INTERUPT ,POLL INTERUPT LINE

F18%9 ¢S 8B 463 ORA  1MASK , (THIS MAY BE USED TO INVALIDATE POLL:

F18B 10 2D 464 DPL  GOSERV

F18D CO E4 465 CPY #$E4 WITHIN 1 MS OF COMPLETION™

f-1eF D& EC RY-Y BNE RDS

F191 29 447 INY

F1v< BD BC 468 RDS LDA Q&L X MO POLL FROM NDW OM

F195 10 FB 469 BPL RD6

F197 99 00 O~ 470 STA NBUF1.Y

F19A C8 471 INY ;FINISH OUT NBUF1 PAGE

F198 DO FS a7 BNE  RD6&

“19D BL 8C C. 473 ROIKEUM LLLA ast. X , GET CHECKSUM BYTE

F1A0 10 FD 174 BPL.  RDCKSUM §

F1A2 B85 96 47% STA CKSUM Q

F1A4 EA 476 NOP , EXTRA DELAY BETWEEN BYTES

F1AS - BD 8C CO 477 RDY LDA Q6L X B Q&

F1A 10 FB AT8 BPL. RD7 , ®#¥# MO PAGE CRDSHS! ##» \l% Q

F1AA C9 DE 47 CMP  #$DE 1RST BIT SLIP MARK™ <<

F1AC DO OA 340 BNE RDERR . (ERR IF NOT) o

F1AE EA 481 NOP , DELAY BETWEEN NIBLS Q - I x

F1AF BD B8C CO 482 RD8 LDA Q&L X _ N .

F1B2 10 FB 483 BPL RDB ; ### MO PAGE CROSS' w*#x L\Q

i1B4 C9 AA aga CMP  H$AA ; SECOMD BIT SLIP MARK™ QQ.H

FLB& F1) SF 8% DEG PDEXIT . (DOME IF IT IS “ \Qk

FiRe 38 G RDERK  SEC . INDICATE ‘ERROR EXIT’ I b
3= 159 &0 ag7 RTS ; RETURN FROM READ1&6 OR RDADR1&. & 3 Y

F1BA 488 » & Qe

FiBA 4C B3 Fo 489 GOSERV JUMP SERVICE , GO SERVICE INTERUPT & g

“APPLE_PAT 4 383 296 25" 174 KB 2000-02-27 dpi: 300h x 300v pix: 1984h x 2860v

| David T Craig °

21 February 2004

Page 0062 of 0515 |




Apple Computer Selected Patents

F1BD:
FiBD:
F1BD:
FiBD:
F18D:
F1iBD:
F1BD:
F1BD:
F1BD
FL1ED
F1GRD
F1RD
F1iDBD.
F1BD:
F1pD
F1BD
F1BD.
FiBD
F1DD.
FIBD:
SRR CR0]
Finn
ISR BIIRE
ISR REEH]
Yann
riabh
Foiar
BRI
F1BD.
H1BD-
F1BD.
HARD
Sinn
RS
1BD

S 1nD
"1BD
SIBD
SABD
FED
13D
FiBD-
F1BD:
F1BD
180
1ED
F1BD
F1BD
F1BD

BB RSV
FLIR
T1RD.
F1BD:
Fi18D: AO
F1BF. 84

FC
93

4,383,296

34

*

33

CAEE T YRS 2SS IIS LSS LY
492 * e L.
493 READ ADDRESS FIELD *
394 # SUBROUTINE *
3499 = (16-SECTOR FORMAT) *
496 *

497 i pasRiEaArnetEatEesee
498 # *
490 % READS VOLULME. TRATK *
OO0 # AMD SECTER #*
LD B *
30z # === M ENTRY =—-=-- *
503 # #*
S04 # XREG' SLOTNUM TIMES ¥
BO% B
$5Qé #  READ MODE (3= 0 Q7L #
BT ow . #*
508 « - M EXIT ——=—- *
509 # #
510 #  CARRY SET [F ERROR Ld
D11 s #
51 = IF NO ERROR n
D1 = A-REG HOLDE %84 ¥
514 + Y-REG HOL.DS $00. *
518 = X-REG UNCHANGED. *
D1éE *® CARRY CLEAR 3+
517 & *
SiEs CSSTY HDRLDS CHKSUM, #*
S1e # SECTOR. TRACK. AND =
520 # VOLUME READ. #*
P21 # *
BRe ¥ USES TEMPS COUNT, *
SET LAST., CSUM. AND #
DAL 4 BYTES AT CS5TV <
SOOI *
Saé * ——— EXPECTS —-—— -
527 *® *
B28 % ORIGINAL 10Q-SECTOR *
Sas w0 NORMAL DENSITY NIBLS *
B3R & (4-B{TY, ODD BIT1S. L)
B30 » THEN tIVEM *
53z * *
533 = ———- CAUTION ==~ *
534 # *
$3% = OBSCRE »
9208 ‘NQ PAGE LROLS 4
b0 DA WARNI MG ON *
538 # SOME BRANCHES!'! *
539 # L
340 # —-———— ASSUMES -~ =~ *
ME D #
9da % 1 USEC CYOLE TInm %
4 #*
5G4 #4333 3 I I K2 St 36
54% RDADR16 LDY #S$FC

544 STY COUNT

i ‘MUBST FIND’ COUNT
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F1C1
Fice
FIC4 E&
Fiie FC
d100 BD
ol 1o
10 oy
FICE DO
1D EA
Vs BD
Pla 1)
o
FIDR AO
£ oD
[il'D B
s 10
CaE CR
F1E Do
FIES&
F1E& A%
FLER &9
FobA 3D
Fiei 10
FI1EF 26
F1F0. 89
F1FD
f
f
f

Sy

RN V)
FYTO58

Foas &9

c8
DO 04

8¢
Sl ¥
Agy
P

Q3

8C
Fo
e
34

GO
]9
ac

R

-~

4,383,296
35 36
547 RDAGYN IRY
548 BNE RDa1 : LOW ORDER OF CROUNTY
549 INC COUNT i (2K MNIBLS TGO FIND
BEQ RDERR + ADR MARK, ELSE ERR)
RDAY L.DA Q6L X » READ NIBL
GPL. RDAL Ctaa NO PAGE CRUSE »aw
RDASH ] Crare #$0:o P ATl MARK 1T
BNE  RDASYN i (LOOP IF NOT)
NOP i ADDED NIBL DELAY
RDAL LDA  Qél., X
DFL. RDA? ,sees NO PAGE CROSY ! r=¢
CHMP #BEAN - ADE MARK 27
BriEl RDASNI CIF NOT, IS IT Afg
LDY #$3 s INDEX FOR 4-BYTE REAL
* (ADDED NIBL DELAY)
RDA - tLDha QoL X
ISESE RDA cenae NO PASE CROSE! 22
TP #ESL . ADR MARK 37
BrE  RDASNT (IF NOT., IS5 17T AMgp
* (LEAVES CARRY SET!) .
L.DA  #3$0 i INIT CHECKSUM
568 RDAILD <STA CSUM
59 RDA Lol (32t CHEEAD CODD BITC ML
A E o2 MNO PAGE CRNOSST «- =
RS RO AL IGH ODD BITS, 1 N0 Lo
LT STA  LAST , (SAVE THEM)
$73 RDAC DA Q6L X » READ ‘EVEN BIT NIBRL
£74 RPL. RDAS » e NO PAGE CROSH! #%=x
S Afedr LART MERZE QDD AND EVEN Bl 74
< TAA CLETV, o STORE DATA BYTE
[N Coir
DEY
net. RDAFLD SLDOP ON 4 DATA DYTES
ray - IF FINAL CHECKSUM
B froal RDUTER LBUNLTERO. THEN ERPOW
[ S cle e 0 X FLRET BIT--SLIP HIB.
4 L I ckee NO PaAGE CRIGS: sex
CiMP #$DL
Dl RiE. RDERR , ERROR IF NONMATCH
QET . DELAY (NO INTERUPTS FROM NOW 0OM)
[BERTU I T O SECCND DIT-SLTIP NIgt
HEL RDe T swe MO PAZE CRGEASY ses
e BHOF
» BNE  RDERK s ERROR IF NONMATCH
RDEx, T CLC  CLEAR CARRY OM
e WEx1: RP1g NORMAL READ EXITS
b M RWTES
P22l 222222222222 22232222
- . it e e ®
* WRITE SUBR *
(16-SECTOR FORMAT) %
* *

4
2
3
4
9 »
b
PAR 2 2 X R T T
8
&
\

* *

* WRITES DATA FROM *
PN 4 NRBUF1 AND NBUF2 *
i *
12 #  FIRST NBUF2. <
13 = HIGH TO LOW. *
14 = THEN NDUF1, *
15 = LOW TO HIGH *
- *
P - O ENTRY == #
13 = *
19 + X-REG SLOTNUM *
20 = TIMES $10. *
21 *
2 % *
3 # ---- ON EXIT -——==-- #*
e #*
25 # CARRY SET [(F ERROR. =#=
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(W PROT VIOLATION)

3
&

IF MO t.RROR.

*

*

*

.
A-RE,, UNCERTAIN  #
X~REG UNCHANGED  *
*

*

#*

-+

*

*

w
~
£ n b % ok ok K B K B % %

32 Y-REG HOLDS $00

33 CARRY CLEAR

14

35 ——— AGSUMES ~—--—

S

27 1 USEC CYCLE TIME

a8

39 P XXX XT S TRL S 22222 2 8 2 0

Gy WRITF16 SEU . ANTICIPATE WPROT ERR

a1 civ .TO INDICATE WRITE PROTECT ERRUR INSTEAD OF
32 LA Q&H. X INTERUPT
43 LoA Q7L X : SEMSE WPROT FLAG

44 BMI  WEXIT , BRANCH IF NOT WRITE PROTECYED
45 WRT1 LA #$FF , SYNC DATA.

ag S7A  Q7H X ,(S) GOTO WRITE MODE

47 ORA  Qel. X . (4)

ag LIY  #34 (2) FOR FIVE NIBLS

49 NGP i (@)

50 PHA i C(4)

51 PLA i (3)

“2 WSYNC  PioA , (4) EXACT TIMING

) PioA S (3 EXACT TIMING

’ TR WNIBL7 L 013, 9. 69 WRITE <v¥NC
95 DL Y i (2)
56 BME WSYNC i (2%) MUST NOT CROJSS PAGE!
57 LDA #$D5 i (2) 1ST DATA MARK
1=} JER WNIBLY (19, 9. 6)
59 1.OA  #SAAN , e END DATA MARK
&0 JBR WNIBLY i (19 9.6)
a1 LDA #8AD ., (2) JRD DATA MARK
62 JSR  WNIBL®? (15,9, 6)
&3 L.DY #8559 ; (2) NBUF2 INDEX
64 NOP ;i (2) FOR TIMING
&5 NOP i)
bb NOP ii2)
67 BNE VRYFRST i (3) BRANCH ALWAYS
68 WINTRPT LDA INTERUPT i (4) POLL INTERUPT LINE
49 ORA IMASK P (3
7¢ NOP . i (2)
71 BPL SERVICE ; (2) BRANCH IF INTERUPT HAS OCCURED
72 VRYFRST BMI WRTFRST i (3) FOR TIMING
73 WRTFRST LDA  NBUF2,Y . (4)
74 STA  G&H, X ; (5) STORE ENCODEDL BYTE
79 LDA QéL. X ; (4) TIME MUST = 32 U$ PER BYTE!
76 __DEY a2 B .
77 BPL WINTRPT ; (3) (2 IF BRANCH NOT TAKEN)
78 TYA ; (2) INSURE NO INTERUPT THIS BYTE
79 . _BMI _WMIDLE i (3) BRANCH_ ALWAYS
BO WNTRPT1 LDA INTERUPT i (4) POLL INTERUPT LINE
81 WMIDLE ORA 1MASK i (3
82 o nNoe . lift@) |
a3 BMI  WDATA2 ; (3) BRANCH IF NO INTERUPT
84 BPL.  SERVICE ; G0 SERVICE INTERUPT
8% WDATA2 INY it2)
86 LDA MNBUF1,Y i (4
87 STA QbH, X ; (5) STORE ENCODEL BYTE
B8, LDA Q&L X (A . o
89 CPY #S$E4 i (2) WITHIN § MS OF COMPLETION?
90 BNE WNTRPT! ; (3) (2) NO KEEP WRITTING AND POLLING
91 B NOP i@
92 INY P (2)
93 WDATA3 NOP , (2)
94 .. NOP_ s () _ —
95 PHA i (&)
9% PLA P (3)
97 LDA NBUF1.,Y i (4) WRITE LAST OF ENCODED BYTES
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F2faB8:
Fa8E
FQ90:
Faol.
Fa93:
Fa9s.
Fa98:
Fa29A;
Fa9D:
Fa9F
FaA2:
FaAd:
- 2A7.
FJA?
FRAC:
F2AF:
FaBa:
FaB83:
Fan3
F2B4.
FRB7:
FobA
o leld
F OB
FaBC
F2RC
Fapc
b

PN

Faud
[rSde
FeBD
BN
©ont

st
FeCS
Face
F2Cé

Facsé
Facé
Pt b

Face
FaCé
200
PSS
faC e
FaCé
Facée
FaCé
EaCk
FelCo
FRIC&
FaCé
Facé
Facé
IR
raCo
Facse

Facé
FeCo

FaCéh
Face

Fach
EACE

FQCse:

Face.

Faca:
F2CA:
F2CB:

20

A F

20
BD
BD
&0

38
2C
20
%8
(]

18
4R
£}
Wi
Vi

&G

Fa2Cs.

FacCée:

AO
88
B1
aa
3K

8D CC
8Cc €0

gy T

Qaoun

o2
00

9B

0t 03

P8

100
101
102
103
104
109
108
107
108
1079
130
111

11ea
113
114
113
116
117
118
119
120
1l

128
123
124

i

P28
129
130
131
V3¢
[
13%
13a

138

140
141

142
143
144
149
148
147
148
149
150
131

182
193
1%4
1393
196
1987
192
199
1460
161
162
163
163
169
1é6e
167
168
169
170
t71

RERBERRRILHBRERERCRBRRRRTRER®

7-B1T MIBL. WRITE SUBRS

A-REG OR'D FKRIDR EXIT
CARRY ULEARED

= ¥ % ¥
* 2 ¥ k % 4

"

EZTTRITTLLS LS A SIS 22 L2 2d

4,383,296
39 40
STA  Q&H, X i (5)  WITHOUT POLLING INTERUPTS.
LDA  G&L, X (4
LDA CKSUM :(3) NORMALLY FOR TIMING
INY ‘ i (2)
BNE WDATA3 i3 (@)
BEQ WRCKSUM  , (3) DRANCH ALWAYS
WRCKSUM JSR  WNIBLY (13,9, 6) 60 WRITE CHECK &uM:
(.DA ®S$DE S{(2) DM4, BIT SUIR MARM
JSR  WNIBL9 (19,9, 6) WRITE IT
LDA #8AA . (2) DM3, BIT SLIP MARK
JSR  WNIBLY (18,9, 6) WRITE IT.
LDA #SEB ,(2) DMé&, BIT SLIP MARK
JSK  WNIBL® (15,9, &) WRITE 1T
LDA #3FF (& TURN-QFF 8+TE
JER  UNIELY 1. 9.9)  WRITE 11
NOWRITE LDA G7L, X i GUT UF WRITE MODF
LDA  QéL. X . TO READ MODE
RTS i RETURN FROM WRITE.
*
SERVICE SEC ; TREAT INTERUPTIOM AS ERROR
BIT SEV ,BET VFLA@ TO INDICATE INTERUPT
JSR. NOWRITE . TAKE IT QUT OF WRITE MODE'
cLt , COULD NOT WAVE GOT HERE WITHOUT CLI1 Ok
RTS

WNIBL® CLC i (2) 9 CYCLES, THEN WRITE

WNIRL?  PHA _i(3) 7 CYCLES. THEN WRITE
FLS . 4)

WNI DY LTA  GeH. X » (8) NIBL WRITE SUR
CRA Qe X i {4) CLOBBERS ACL NNT CARK:
RTS

*

Y TYYY TR Y Y YL 2L A 2 2 2L L]

* *

* PREMNIBLIZE SUBR .

#  (16-SECTOR FORMAT) *

* *

EY YT NRTALYL R AL AL AL L L 2L L

* »

» CONVERTS 256 BYTES OF

« UYER DATA IN (BUF) INTD #

» EMCODED BYTES TO RE *

* WRITEN DIRECTLY TO DISK #

# ENCODED CHECK SUM IN »

# ZERD PAGE ‘CKSUM’ »

»* *

* === ON ENTRY =—-w== *

» *

* HUF 1S 2-BYTE POINTER  #

» TO 2%6 BYTES OF USER

* DATA *

* L]

. e ON EXLIT == --- .

* “*

* A-REG CHECK SUM *

*  X-REG UNCERTAIN »

* Y-REG HOLDS 0. »

*» CARRY SET. *

» *

[TISZXIRXZEIZITRI 2SR S 222 2 2 )

PRENIB1A LDX #$2 i START NBUF2 INLEX
LDY &0 i START USER BUF INDEX

PRENIB1 DEY i NEXT USER BYTE

LDA (BUF).Y

LYR A L SHIFT TWO BITS OF
ROL NDUF2-1.X .CURRENT USER DYTE
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F201
FaDa:
F2D9%
FaDe
209
F&DB
FarD
F2DF
F2EO:
FRER:
FRES

F2ES
FaEA"
F2ED
Fa2FO
FOF3
Ferd
e
FoFg
FaFB:
FaFcC
F2FF
F30&
F30535:
F306.:
F308"
N9
el
F 32€E
F3tt.

F311

F3tl

Fin

F3t1

F31t:

F311.’
F311
F313
F31%
1318
F318
F31E
F31F-
F3a1
F32e
F3a9
F3a8
F32B
Faac
F32E
330.
F33
334
FI3&
F338
F339
F33B
F3A3E
F341
F342:
F343:
F346
-F348
F349
F34B:
F34c
F34C:
“34F -
b 3%1
F3%4

Fa

00
Q0
00

Fa
96
00

16
S6

FB
Q0

02

oR
9B

ED

DF

DF

o

03

F3

03

02

F3
oz
Qe

oz
F3
03

654

——

F3

F3

03.

FF

Fr

4,383,296

41 42

102 LSR A , INTO CURRENT MNBUF2

173 ROL. NBUF2-1, X .DYTE

174 STA MNBUF1+1,Y (& BITS LEFT)

179 INX .FROM O TO %55

176 CPA  #35¢&

177 RCC  PRENIBI , BROIF NO WRAPARJUND

178 LDx =C P RESET NBUFS INDEX
179 TYA , USER BUF INDEX
180 DNE PREMID1 . (DONE IF ZERO)

181 LDY #3968 i (ACC=Q FOR CHECK SUM)
182 PRENID3 EDR  HBUFZ2-2 v S CUMBINE WITH PREVIOUS
L83 PREMNIBZ2 AND #$3F i STHLIP GARBAGE G179
184 - ThaY T FURM RUNNING CHUCK Zum
189 t.DA  NIBL. X » GET ENCODED EQUIV
186 STA NRUF2-1.Y i REPLACE PREVIQUS
187 LDA NBUF2Z-2, Y RESTURE ACTUAL PREVIOUS
188 TEy
189 OMNE O FREMTID X y LUEIE UNT L ALL UF NBUFZ IS5 CONVERTED
1e0 ANTY #$3F
191 PRENIB4 EOR NBUF1+1.Y NOW DO THE SAME FOR
192 TAX , NIBBLE BUFFER 1
193 LDA  NIBL, X i TO 0Q ANY BACK TRACWING INRUF1-1;
194 STA  MBUF1L. v
199 L.DA NRUF1+1. Y CRECOVER THAT WHICH 1S NOW ‘PREVIOUS’
196 INY

197 _ ___BNE PRENI1B4 e e
198 TAX ;i USE LAST AS CHECK SUM
199 L.DA  MIDBL., X

200 __ STA CKSUM

201 JiMP  SBETIMEG i ALL DONE.

203 FHVBRRAPRRRERREREREPT 5 T RHB®

2086« .
209 POSTMIBLIZE SUBK *

206 # 1A=-SECTIR FORMAT *

207 # =

Lol ERTIT IS LRSS LSS SL S 2 80 ]

209 # .

210 POSTNIB16 LDY #$55 ,FIRSY CONVERY TCO & BT MIERLES
211 LDA %80 CTNIT CHECK Sum

212 PNIRLL L DY NBUF2, Y L GFT OENCODET BYTE

213 EOR  DNJDL. X

214 STA NHUFZ, Y ,REPLACE WITH & BIT EQUIV

Q19 DEY )
216 BRL PNIBL! ;LOOP UNTIL DONE WITH NIBBLE BUFFER &
el INY MNOW Y=O

218 PHIBLe DX HBUFY. Y L DO THE SAME Wlte

-1 b PMIBL. X

220 STA NBUFL, Y NIBBLE DBUFFER 1

221 MY ;DO ALL 2%& DBYTES

222 BNE PNIBLZ2 .

223 DX CASUM , MAKE SURE CHECE SUM MATOHES
224 FUR O DMNIBL. X CBETTER HE ZFRi

22% GEC CAMTICIPATE ERROF
226 BNE PUSTERR , BRANCH IF IT IS
227 POSTI 1.DX w834 i INIT NBUF2 INDEX
228 POST2 DEX . ; NBUF IDX $55% TO %0
a9 81 POSTI FWRAPARQUND TF NES

239 LLDa MBUKFL, Y

231 L3R NBUF2. X SEHIFT 2 BUTS FRIOM
232 ROL. A L CURRENT MBUFZ NIDRL
233 LSR  NBUF2, X ; INTO CURRENT MBUF L

234 RAOL A i NIBL

<35 LTA TBUFD LY P BYTE OF USER [ATA

2346 LY CNEXAT USER BYTE

237 BNE POST2

238 cLe ; GODD DATA

239 POSTERR EQU »

240 SETIMES LDA  ENVIRON

241 URA BONEMEG SETOTO UNE MEGANERT Y CtUCh‘HATE
ade GTA EMVIRON : ]

243 SEV RTS L (BEY USED TO SET VFILAG)
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FF395:

F355:

FRus

L EIAS N

F255:

F255:

FI55:

F355:

FF3%5

FRS9:

FFracs.

F355:

[F355

3995

F38S 96 97 94
F3%8: 28 9D 9E
FE8R9F AL AT
F35E: aB AC AD
F3&1: AE AF B2
F3&4:E3 34 BS
F3&7.Ba B7 B?
Fiha&A RA BR BOC
F35D, BD RE BF
F37G:CB CDh CE
FAR73:CF B3 D&
F27& D7 D9 DA
F379 LR IC LD
FL7C. DE DF ES
377 E& E7 ER
Faea Ena ER EC
FAL%: ElL EE EF
FR288: F2 F3 F4
FR9D:. FS F& F7
FIEE.F? FA FB
[F4%91.FC FD FE
F394:. FF

F39%.

F395:

F395

FT?CJL:-(-

B3

F395.

F395:

F395

Fra=s%

F?’_)..'_/r:l

Ui

Flaies:

F395%:

F3995.

F39s

F39%

F39%. Q0

F300.

F396 00 01 98
F399 292 02 03

4,383,296
4
35 3 R e 4 3 3 3 I RS HSE
# 3
#* &-BIT TO 7-BIT +
#* MIBL COMVERSIOM TABLE #
* *
3636 3t 3 3 3 36 3 3 36 3 3 e 3 3k R I R
* #*
#  CODES WITH MORE THAN ¥
#  ONE PAIR DF ADJACENT *
# ZEROES OR WITH NO *
*  ADJACENT ONES (EXCEPT
# 37) ARE EXCLUDED. #
* +*

Hd SR RN RN AR RGN

NIEL. DFE $9&, $97, 49A
DFRB 9B, $2L., €9F
DFE  49F, $A&. $A7
DFB $AB, $A%, $4D
DFB $AE, $AF, $B2
DFR #B3, $B4. $BS
DFE #Bé&. €B7, €P°
DFR $BA. $B3, ¢RC
DFR  $RL, $BE, $BF
DFR  %CB, $CD., %CE
DFE #CF, $D3, $DL6
DFB $D7, €D9, DA
DFE  %DB, $DC, $I)D
DFBE  €DE, $DF, $ES
DFR  $E4, $E7, $E9
DFB %EA, $EB, $EC
DFB $ED, $EE. $EF
DFB %F2, $F3, ¢F 4
DFB  $F9, $F 6. %7
DFE <$F9, $FA, $FB
DFE  $FC, $F D, $FE
DFB  &FF
I 96 4 3 35 3 36 96 I 3 96 36 9 9 I 3 I B W % % %R
* B o x
+# 7-BIT TQO &-BIT *
*® ‘DEMIDLIZE S TABL *
# Vis-SECTOR FORMATY #*
* *
#* vALID CQDES *
# $94 TO $FF ONLY. #*
-3 #
® ) 3
¥ COMES WITH MORE THaM ¢
= DONE PAIR OF ADJACENT *
* ZEROES OR WITH NO #
* ADJACENT ONES (EXCERT =
* BIT 7) ARE EXCLUDED +#

[TEETEEREFTET LT EL LS L0 g i b

. . BRK :

DN1BL EQU REGRWTS+$300
DFB  $00, $01, $98
DFB %99, $02, $03

ONE BYET LEFT OVER
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F39F
F3A2

F3a8

F2AE
F 3l
F3k4

fEcc
=303

F3e

F3D2
F3D%

F3DE

F3E4
F3E 7

F3EA

PO

F3FQ

F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F4Q0:
F400:
F400:
F400:

F39C:

FF34S5-

F3AB.

F3B7:
F3RA-
FaD-

F3Ce
F3cc
F3CF:

F3Dn8-

F3DB:

F3EL:

FR3ED:
FFAFOD:.
E3F3.

F3FC.
F3FF:

gC
06

Al

AS

AB
09
ocC
B1
10
13
15
18
co
c3
Céh
(o
cC
1€
D2
D3
DR
24
27
E1l
E4
2R

(=3

30
FO
34

37

39

3

AN

3F

04
AQ
A3
07
A9
OA
oD
OE
11

B3
14
12
C1

.3
C7
CA
i1C
Do
1¥F
20

-
pap

as
28
-
[8

-
=

£8
2E
31
Fi
33
54
3A
3D

05
Al
Ag
&8
AN
CB
2o
OF

sl
[

14
17
1é

oo

2

D4

a5
i)

A
Rl

P,

340
341
342
343
344
345
346
347
348
349
350
351

353
354
355
356
357
358
359
360
361
362

4,383,296
DFE  $9C,
DFR  $Ca.
DFB_ $AZ.
DFE  $AS,
DFB  $A8,
DFB  $09,
DFE  €0C,
DFB  $Ii1,
DFE #10,
DFB 13,
LFB 15,
DFE %13,
LFR %0,
LFB %03,
IFR #Ch.
DFE  $C9,
DFB  #CC,
DFE  $1E,
B sD2,
DEREDS,
LER $D@,
DI'D %24,
DFL  $27.
DFR  $E1.
PDFR &4,
DFE s2D.
R 2D,
DFB  $30.
DFB  $FO,
DFR %34,
DRE $37.
oKD $739,
DFB 3¢,
DFB  $3F

$04, $C5

$A0, $A 1L
A3 . tA4

$07, $08

$AT, $AA
$0A, $0B
$0D. $BO
$05. $CF
$11,. %12
$B8., $14
$1&6&, %17
$19. 1A
F: A0 R T
$Ca. b D
1C7 %5
$CA. $18
$1C, %10
$D0O, $D1
$1F. ¢&D4
320, £221
22, $273
$25, $26
$=8. $E£Q
$E2. $E3
F29. B2
3ES. 27
N el =
$31, %032
FF1, €33
$35. $73¢&
$36, $F 3
$34. U0
$30. 3£

FEHFREF RS RFRFADFPE LRSS

#*

*

#* FAST SEEK SUDROUTINE #

#

+*

LT 22T L R 2 kL L L d bl L g L b gL

ok % Kk ok %k &k % ok ok sk K ok & % % %k % % % X

-—-—— OMN EXIT

-——= OM ENTRY —-=--

X-REG HOLDS SLOTNUM
TIMES %10.

A-REG HOLDS DESIRED
HALFTRACK.
(SINGLE PHASE)

CURTRK HOLDS CURRENT
HALFTRACK.

A-REG UMCERTAILN,
Y--REG UNCERTAIN.
X~REG UNDIGTURBED.

CURTRK AND TRKN HOLD
FINAL HALFTRACK.

% & % % ok ok ok %k ok ok ok %k ok %k ok %k k. X% Xk Kk %k
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F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:. 85
F402. C5
F404:FO
F406: A9
F408.85
F40A:. AS
F40C: 85
F4O0E: 38
FA0OF ES
F411:FO
F413 BO
Fa15: 49
Fa17 E6
Fa19 90
Fa18. 69
41 Cah
FalF Cs
Fa21.90
F423 AD
F42% C9
F4a227 BO
F429 AQ
Faza 38
FazB <0
FA2E B
431 20

Fase 14

Fa2A B9
F430 20
440 E6
a4 DO
Faad 20
a4 18
Fa448 A5
F44n 29
F1ac 2A
PGl T
a4 AA
frase 2D
F4953. Aé6
Fa5%: 6C
Fratse

Fane,

Uy

L

Ea3d AS S

Faly 20 «

Fa
Fa
Fa

Fa

Fa

-4

4,383,296

47 48
363 # * :
364 # PRIOR HOLDS PRIGR +
365 # HALFTRACK IF SEEK 3*
366 # WAS REQUIRED. #
367 # *
368 # MONTIMEL. AND MONTIMEM *
369 # ARE INCREMENTED BY #
370 = THE WUMBER OF *
371 # 100 USEC GQUANTUMS *
372 # REQUIRED BY SEEK *
373 # FOR MOTOR ON TIME *
374 « OVERLAP. #*
375 # *
37& # ~-- VARIARLES USED ~--— #
377 # *
378 # CURTRK, TRWKN, COUNT, #*
379 # PRIOR, SLOTTEMP *
380 #* MONTIMEL, MONTIMEH *
381 * 3*
eiEE ST T EI LI L EL LSS L L
382 SELK STA TRKN i SAVE TARGET TRACH
384 CHMP  CURTRK ; ON DESIRED TRACK™
385 RBEQ SETPHASE i YES, ENERGIZE PHASE AND RETURN
386 LDA #4%0
387 STA  TRKCONT i HALFTRACK COUNT.
388 SELK LDA CURTRK i SAVE CURTRK FOR
389 STA PRIOR i DELAYED TURNOFF
390 SEC
391 SBC TRKN i DELTA-TRACKS
392 BEQ  SEEKEND i BR 1F CURTRK=DESTINATION
393 BRCG OUT (MOVE OUT. WNOT T
394 EDR #$FF CALC TRKS TO GC
393 INC CURTRK INCR CURRENT TRACK (IN)
396 BCC MINTST (ALWAYS TAKEN) .
397 Qut ADC  #S$FFE , CALLC TRKE TO GO
37 DEC  CURTRK S DECR CURRENT TRALK (U1
3R MIMNTLY CME TRACHT
400 BCC MAXTST AMND “TRKS MOVED "
401 LDA  TRKCNT
402 MAXTST CMP  #%9
403 DUS STEPD S 1F D THECHT D88 LEAVE ¥ AL QNE [f=$8)
404 ST 1Ay S ELSE SET ACCELERATTON INUEY IN v
4:5% LE
406 STEP JER  SETPHASE
407 LDA ONTABLE, Y ,¥FDR “ONTIME"
408 JSR MSWALT (100 USEC INTERVALS)
403 LDA PRIOR
i Gl , FOR PHASEGFF
a1 LG CLLRFHASE TURN CFF PRIQOR FHATE
412 LDA OFFTABLE, Y THEN WAIT "OFFTIME -
413 JSR  MSWAIT (100 USEC INTERVALS)
413 INC  TRWKCNT ‘TRACAS MOVED '’ COUNT
A1 BNE  GEEKZ (ALWAYS TAKEN:
F1é SECKIEND JGR MGWATT i SETTLE 2% MSEC
L1 g (DT i SET FOR PHASE OFF
418 SETPHASE tDA CURTRK i GET CURRENT TRACK
419 CLRPHASE AND #3 i MASK FOR 1 OF 4 PHASES
320 ROL A s DOUBLE FOR PHASEUN/OFF THDEX
[ R e LB OT
2 TAx
4:.7 LA PHASECFF, X i TURN ON/OFF ONE PHASE
424 LDX IBSLOT i RESTORE X—-REG
429 SEEKRTS RTS i AND RETURN
427 #eoxafgBaddd ottt a iy
428 *» #*
delo® MSWALT SUGROUTINE s
YRR E
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m
-
Ta -
Sl
o

'
o
ATy
.
i
{
{
-
[
‘2

b
RN
Ged
3 b ;-,'

A
BUDEN
1 y

oot
.‘] *
L B

49

=
432
4.0

ol

b7
53
38
VTS
g
G4

442

445

-+

- 474

475_*

476
a7
a7e
479
480

.01 30 28 481

=4 20 1E 482

1D 1€ 1C 483
70 2C 26 484
22 1F 1E 485
1D 1C 1C 486

4,383,296

S0

R i e S R R ok
+ 3%
« DFLAYS A SFECIFIED &
* HUMDBER DF 0 120 USHC -

VETERCSALTD Bk MY ;
N gy TiMTLG .
© =
w0 s OMOENTEY - v
2 0 -NES HUOLDYS NUMEBLR
. TR AN X

PN SN S T
SELY

« s NI ERIT e - *
* RS

i bl 2V ¢

B R S

TR i
< FRY GRS '
> El
B MUCRT IME LT I ME 2
! Bt b
> } . froit

) - DTS ;

& v
P

¢ UM -
F
s :
. 1
T > Y k)
ot Lo [ A
M nE o« T AL bie IR
RIS A
e S Rt
) { ! : ToE
K RIS Wi
M8 St
Lk L (TR SR PRy TR
ME MEWATT CAeREG UM Y
L

26 3 6 36 3¢ I I I 9 I 3 I I A I 3 IR

# PHASE ON-, OFF-TIME
#* TABLES In 10C-USEC
* INTERVALE. (SEEK)
*
2645 36 34 3 36 35 2 3 36 30 3 36 36 96 363 3 A % I 3 43
ONTABLE DFB 1., %30, $28
DFB 24, $20, $1E
DF3 1D, $1C, $1C
OFFTABLE DFB €70, $2C, $26
DFB %22, $1F, $1E
DFB $1D, $1C, $1C

LR S
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;WAIT FOR ONE OR THE OTHER TO 6C LOW

JOYSTICK™

It
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4,383,296
51 52
F479. 86 83 488 BLOCKIO STX IBTRK
F47B: A0 03 489 .. LDY #4s$3
F&47D. 48 490 CPHA
FATE GCA 491 TRKSEC ASL A
FA7F 2o 83 452 ROL.  IBTRK
F4a81 . 88 493 DEY
F482: DO FA 454 BME TRKSEC
F4B4 48 495 PLA
Fags 29 07 495 AND  #$7
Fag7 As 497 TAY
F488 [G AQ F4 498 LhA SECTABL.Y
F48B: 85 84 499 STA IBSECT
F48Dh: 20 00 FC 500 JSR REGRWTS
F490: BO 0B S01 _BCS QUIT ,
F492 E& 95 562 NC  IBBUFP+1
Fa94 E& 84 503 INC  IBSECT
Fagsy EH Q4 504 NG IESECT
F498 20 00 FO 505 JSR  REGRWTS
FA9B Cé& 86 505 DEC IBBUFP+1
F49D A5 88 507 QUIT LDA  IBSTAT
F4%F €0 sof RY%
F4A0 SG %
Fap0 510 SECTARL Egi o=
F4AQ 00 04 08  '511 DFR  $0. $4, $8
FAAZ CC 01 0% 512 DF3 $C, $1, $5
Faa& 0% 2D 513 DFR %9, %D
ARTAS 514 #
F4A8 S1h * * B % ¥ X X N E ¥ X K ¥ k¥ #
FaAB: 517 # R , *
Faa8 518 * JOYSTICK READ ROUTINE *
£aNR 519 « *
[T BI0 £ % ®* w ¥ P oS F * &£ & £ ¥ w £ #
Fan8 %21 % ENTRY ACC= COUNT DOWN HIGH #
F4aAR 522 # X%$¥Y= DOM‘T CARE *
£ ang- 523 # *
Fraisn 524 o+ fIXIT ACC= TIMER HIGH BYTE =
Banst 589 % y= TIMER LOW BYTE *
Faag SZH % CARRY CLEAR #*
F4A8: 927 » ¥*
FFan8 528 # IF CARRY SET, ROUTINE #
FaAB 529 * . WAS INTERUPTED % *
[ BAC w £ %Y ARE INVALILD ”
Fangd, 331 * » 2 & ° F £ © o« # R € B T B X
Faas B2 %
FFD® 533 TIMLATCH EQU $FFD9
FFD8 534 TIMERIL EQU SFFDB
FFD® 535 TIMERIH EQU $FFD9
CUBL 536 JOYPDY  FE3L $T066
Fant LI
Fas 3738 ANALOG EGL 5 CARRY SHOULD BE SET!
Faaf: 81 DY F+ 539 STA TIMLATCH ;i START THE TIMER!
F4AB Al Ef FF 540 ANLOG1 t.DA INTERUPT
Fapar 2L &5 Co 54t AND JOYRDY
Al 20 F o 442 Bl  ANLOG1
FATy A s T 5473 L DA JOYRDY . WAY 1T REALLY THE
Paps o] 544 BMp GNIDTIME , NOPE, FORGET [T
Fars 18 5495 CLC ,TIME'S A SLIP SLIDIN AWAY
FAB® Al D2 Fir 546 L.UA TIMERLIH , NOW, WHAY TIME IS
FARC AL L2 FF 547 LDY TIMERIL
FAaR™ 10 23 48 3Pl GOODTIME i TIME WAS VALID!®
FAC L AL W Y 949 LDA TIMERIH i HI BYTE CHANGED
FaC =< 550 GOOLTIME RTS
exe SUCCESSFUL ASSEMBLY. NO ERRORS
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FOESD
F4Al
F1aB
FOS0

7
F300
*C08B

EO
TFOAL
FOER

32

84

83

A
FAaLlF
8
FA4BA
Fans
F2AC

80
Toont
Fa2z
F311
L
coec
14D
F1VE
1 AF
FiraA
F1RD
F 19D
143
Fl14aa
RN
Fad4a
FF449
FELRY
FFDY

Q

TR

)

D a
(]

~
T -

"o

TThmmMmTT™
Qs
~

AL.DONE !
ANLDOGT
CHKDRY
CONWATT
CSETV
DMNIBL
DRV1EN
DVMOT
GOCAL
HNDLERR
IBDERR
IBSECT
IBTRK
[0OBPDM
MIMNTST
MOTOROFE
MSWALT
NIBL
MOWRITE
ONEMEG
PHASEQMN
pPMIRLZ
POSTMIELS
PRENIDB3
Q&L

RD1

RDGA

=

RDA4A
RDADR1£
RDCKSUM
READ1E&E
REYNC
CEEKL
CSEEKEND
SETPHASE
STEP
TIMLATCH
TREKM1
TRYTRKZ
YRYFRST
WINTRPT
WNIRBL?
WRIT
TWOMEG
IBSLOT
IRRERR
1RBUFP
IBSMOD
RETRYCNT
COUNT
TEMP
TRACK
PRIOR
NBUF 1
PHASEOFF
MOTORON
Q6H
DRIVEEL
CONWAILT
TRYADR
G0CAL
CORRECTSECT
ALDONE?
SEEKL
SETTRK

Faca
Fars
COEF
F157

F17D
F1¢8
FiFa
F1E8
FiB8
FOOQ
FOBRB
F4UA
RGNS
F1a9
97

9
Fa47E
Fi2eS
Fa?i
FR&A
Fae7
TF223
80

81
83

87

8A

94
96

98

A

SE
0302
*C081
CO8A
CO8E
FO3D
PFO060
FO86
FOA7
FOEQ
FOF3
PF116
Fi2B

4,383,296
AlL.L.DONE F119
BLOCHK [ 9B
CKDRTS 96
CORRECTSECT ?FODF
ceuMt ag
DRIVSEL cCOBA
DRVERR F13E
EMVIRON 9F
GHODTIME PF116
HROERRS 8%
IRDRYN 20
IBSLOT 89
IBWFER 8B
JOYRDY 95
MO T IMEH 99
MG TORON Fasg
MYSEER 0200
MODR IVERR Fo8D
NXOFF Fa70
OMNTABILE F41D
FHAZON TCOB0
POSTL F338
PREMING Face
PRENIDA $D
Q7H COBE
RD2 Fie2
N Fi9a
RDAL Fip2
RDAY F204
RDAFLD F1CD
RDERR Fai17
REGRWTS 93
RYTRK Fas0
SEEKR 94
SEEKRTS FaBs3
SETTRK F354
TEMP FFD9
TRACK @5
TRRSEC FOB&
TRYTRK 7F
WDATAR Fae1
WMIDLE ?F2RF
WNTRPT1 Fa95
WRT1 Fasa
1BMODRYV 80
IBWPER 82
IBTRK 84
IBCHMD 88
10BPDN 8B
SEEKCNT 95
CKEUM 97
SECT 99
MONT IMEH 9A
TRKN 9F
NBUF2 COtsd
PHASON 2C081
DRVOEN 2C08D
Q7L CO8F
DRYWAIT FO44
MODR I VERR FO&S
TRYADR2 FO8B
RDRIGHT FODB
ALLDONE FOES
NOINTR2 FOF9
GOSEEK F119
CHKDRY F12D
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54
ALL.OFF YF4A8
nyUF F12D
CKSUM Fasa
CORRECTVOL 95
CSUM 8C
DRVOEN 85
DRVINDX FO3D
EMVTEMP TFOAQ
GOSEEK F1BA
IBBUFP 87
IBNODRY ? 83
1BSMOD 88
IMASK FFEF
LAST Fazs
MOMT IMEL FO4E
M3W1 Fas1
NS Q302
MOINTR1 FOF3
OFFTADLE F044
ouT c080
PHSOFF F319
FOST2 F34C
PRENIDB16 ?F2E7
PRIOR co8D
Q7L F49D
RD3 F16B
RDé& F1AS
RDAR F1DD
RDA& F20E
RDASM1 FiCt
RDEXIT FOA7
RETRYCNT F132
SECTABL o8
SEERCNT F400
SERVICE F34C
SEY F428
TIMER1H FFDE
TRKCNT FE
TRYADRZ FO7F
TWOMEG FA
WDATAZ Fa1ie
WHIBL. F2BD
WRCKSUM Fa19
WRTFRST F230
HRDERRS 80
IDDERR 82
IBSECT 85
IBSTAT 89
IMASK 8c
LAST 95
CSSTV 97
MONT IMEL 99
VOLUME 9B
EMVTEMP EO
JOYRDY ?C080
PHASEDON coss
DRV1IEN co8cC
Q7H FOO00
]’ FO4E
TRYTRK FO7B
NOINTR1 ?FOAQ
RTTRK ?FOBF
DRVERR FOES
WRIT F105
ALLOFF F11B
CHKDRV1 F13D

AMNALOG
CHKDRV1
CLRPHASE
COUNT
CURTRK
DRVOTRK
DRVUWAIT
GOCALL
GOSERV
IBCMD
IBRERR
IBSTAT
INTERUPT
MAXTET
MOTOF
MSW2
MNBUF2
NOINTRZ2
OK
PHASEQFF
PMIBLI
POSTERR
PRENIBZ
Q6H
QuIT
RD4

RD7
RDA3
RDAZ
RDASYN
RDRIGHT
REYNC1
SECT
SEEWK
SETIMEG
STEPZ2
TIMERIL
TRKM
TRYADR
VOLUME
WEXIT
WNIBLY
WRITELS
WSYNC
ONEMEG
IBDRVN
DRVOTRK
CcsuM
CURTRK
TRKCNT
CSUM1
TRKN1
BUF
DVMOT
PHSOFF
MOTOROFF
<118
REGRWTS
MOTOF
TRYTRK2
GOCAL L
CORRECTVOL
HNDLERR
MYSEEK
NXOFF
CKDRTS
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F13E
F152
F17D
F1AS
F1BD
Fip2
FiFe
Fais
F24E
Fa6A
Faac
THaBF
YFaE?
F319%
F34C
F400
Fa2%
Fa448
F453
PFE4T79
TF4AB
FFD?
oull
0COs

(AR

(Y]

)
v

A ¢
2O T
SO E

PR R R RARE

CO0z
cori
CO55
co4a7

e

coso

DRYVINDX
RSYMNC1
RDS

RD7
RDADR 15
RDAZ
RDAS
WEXIT
WINTRPT
WMIDLE
NOWRITE
WNIBL
PRENIRZ
PNIDL1
POSTERR
SEEK
MAXTST
SETPHASE
MSW1
BLOCKIO
ANALDG
TIMLATCH

55

L) h)

r
"

o

4,383,296
56
F148 READ16 F14A RSYNC F14D RD1
F157 RD2 F162 RD3 F16B RD4
F17E RDSA F192 RDé F19D RDCKSUM
F1AF RD8 F1D8 RDERR F1BA GOSERV
F1C1 RDASYN F1C8 RDAl F1CD RDASNI
F1DD RDA3 F1E8 RDAFLD F1EA RDA4
F204 RDAL F20E RDA7 F217 RDEXIT
F219 WRITELS ?F223 WRTL F230 WSYNC
F2%6 VRYFRST F258 WRTFRST F267 VNTRPT1
F271 WDATAZ F281 WDATA3 F295 WRCKSUM
F2B3 SERVICE F2BC WMIDBL9 F2BD WNIBL7
F2C6 PRENIDLS F2CA PRENID1 F2E4 PRENIB3
F2F8 PRENIB4 F300 DNIDL F311 POSTNIB16
F322 PNIBLZ2 F336 POST1 F338 POSTE
F34C SETIMEG F354 SEV F353 NIBL
F40A SEEK2 F4a1D OUT FA41F MINTST
TF429 STEP F4zB STEP2 F444 SEEREND
F44A CLRPHASE ?Fa35% SEEKRTS F4%6 MSWAIT
F4as1 MSwWa F467 OMNTABLE F470 OFFTABLE
FAT7E TRWSEC F4a9D QUIT F4A0 SECTABL
F4AB ANL.OGL F4C4 GOODTIME FFD8 TIMERIL
FFD9 TIMERI1H FFDF ENVIRON FFEF INTERUPT
BRI HARFRIATAIRARIF IS4 2w RRAFRA®
w*ZARNA DIASROSTIC TESYT ~IUTiNES
<
=4 BROED N % R LASHG
SCORYRIGHT 1577 BY ARFLE SO e, Thed
W TRRFXAIRCT T AT RRXIARER O
It [TV FOR RaM wr N TRCELY ROM
[=gelw
EGLU
N
1BIME S
IZRUFP B
PREIVTRK EQU :
BlorimlQ LGU #F479
%50
$FF
$1400+PTRHI
1800+ZRFG1L
#CO00
2 #2008
K30%T EQU  #¥C010
POLEN EGU 480958
ADRS EGU  $C047
GRMD EGU $CCS0
TX ML =3} $COBH1
ACTO EGU  BC0&se
DISKIFF EGU  $C0D0
ACTAST EQU  3COF1
ACIAGM  Eal)  $COF2
ACIalN EQU %COF3
SLTt FGU $C100
ST EQU  ®C200
SLT3 S2hu BCEQQ
ST Et BC400
EXPROM EGU  @CFFF
IPREG EQU SFFDO
SYSD1 LU $FFDF
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FEDR:
FERG.
FFEQ:
FREF.
FFEZ-
FFE3:
Feo%:
FDRO7:
FLUF:
Fac™:
FD98:
FD9D:
Feot:
0000

DO
45
Do

57

SysDe
EYED2
SYSEQ
DNKSW
sSysea
SYSES3
cOouT
CROUTL
WEYIN

) SETCVH

CLDSTRT
SETUP
MONITOR
#

Al

WS
Ead
£1GU
EGU
EQU
=aQU
EGQU
EQU
=G
EQyV
EQU
EQU
EQU

DBJECT FILE NAME IS

B2

10

cD
€D
ct
a9
ca
41
4F
49

54

FF

FF
FF
FF

FF

Cco

co

Fé&

&0

ORG

&1 RAMTBL DFB

-4
&3
&4
63
&&

-

&8

99
100
101

CHPG

*
* SETUP
¥
*

DISK!

3*

4,383,296

SEFD2
$FFD3
SFFED
$FFEF
SFFE2
SFFE3
$FC25
$FDO7
$FDOF
$FBC7
$FD98
$FD9D
$F901

DIAG. ODJ
$FACYS

%0, $B1, $B2, $BA, $B9. $10, 80, $13

TURN OFF SCREEN, SET 2MHI SFEED
AND RUN QFF ROM
5ET BANK SWITCH TO ZERG

AND SET ZERO PAGE SAME

PROGRAM DDR ‘S

EQU »

DC1 'RAM’
DCI  'RGCM’
pct VIAY
DCI 'ACIAY
DCI ‘A/D’
DGl  ‘DIAGNOSTICS
Dc1  IF

DCI 'RETRY’
SYSTEM

L.DA #$352+R0OM
STA 85YSD!
LDX #$00
8TX SYSEQ
8TX BNALBUW
STX IPREG
DEX

8TX €SYsDh2
STX SYSD3
TXS

IMX

LDA #30F
STA SYSES
LDA #33F
STA 8YSERQ
LDY #3064
DA DISKOFF.Y
DEY

DEY

BPL DISK!
LDA KEYBD
AND  #$04
BNE  NXBYT
JMP RECON

* VERIFY ZERO PAGE

*
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59 60
FS24. A9 Q1 1CE WNXBYT LA #$01 ROTATE A 1 THROUGH
F52&: 95 00 102 NXBIT STA  IRPG, X EACH BIT IN THE © FG
FS28 L% o0 104 CH1P  ZRPG, X TOD COMPLETELY TEST
952A: DO FE 105 NOGOOD BNE NOGOOD THE PAGE. HANG IF ROGOUD
Fo2C. 0A 104 ASL A TRY HEXT BIT OF EYTE
FS2D: DO F7 107 BNE NXBIT UNTIL BYTE IS ZERQO
FS2F E8 1628 INX CONTINUE URTIL PAGE
430 DO F2 109 . BNE NXBYT IS LCCNE.
F532: 110 *
F9532: 8A 111 CNTWR TXA PUSH A DIFFERENT
F$33: 48 112 PHA BYTE ONTO THE
F534.E8 113 INX STACK UNTIL ALL
F535. DO FB 114 BNE CNTWR STCK BYTES ARE FULL..
F537:. CA 115 DEX THEN PULL THEM
FS38: 86 18 116 STX PTRLO OFF AND COMPARE TO
F53A: 68 117 PULBT PLA THE COUNTER GOING
F53B: C5 18 118 CMP PTRLO BACKWARDS. HANG IF
F53D: DO EB 119 BNE NOGOOD THEY DON’'T AGREE.
F33F:C6 18 120 DEC PTRLD GET NEXT COUNTER BYTE
F541: D0 F7 121 BNE PULDT CONTINUE UNTIL STACK
F543: 68 122 PLA IS DONE. TEST LAST BYTE
F544: D0 E4 123 BNE NOGOOD AGAINST ZERO.
F5464: 124 +
FS46: 125 * SIZE THE MEMORY
F546: 126 *#
FS44: A2 08 127 LDX #$08 ZERQ THE BYTES USED TO DISFPLAY
F3548: 9% 10 128 NOMEM STA ZIRPG1, X THE DAD RAM LOCATIONS
FS4A: CA 129 DEX EACH BYTE= A CAS LINE
F54D: 10 FB 130 BPL NOMEM ON THE SARA BOARD
F54D: 131 =
F54D: A2 02 132 LDX #3$02 STARTING AT PAGE 2
F54F: 86 19 133 NMEMI STX PTRHI TEST THE LAST BYTE
F551: A? 00 134 [.LDA #$00 IN EACH MEM PAGE TO
F9553: A0 FF 135 LDY #S$FF SEE IF THE CHIPS ARE
F5%9: 91 18 136 STA (PTRLO), Y THERE. (AVDID O & STK PAGES!
F%57: D1 18 137 CMP  (PTRLO),Y CAN THE DYTE BE 0Q'D?
F559:FO0 07 138 BEG NMEMZ
FSSB: 20 48 F7 139 JSR RAM NO, FIND WHICH CAS 1T IS
F55E: 94 10 140 STY ZRPG1, X SET CORRES. BYTE TO FF
F560: A6 19 141 LDX PTRHI RESTORE X REGISTER
F562: E8 142 NMEM2 INX AND IMCREMENT TO NEXT
F543. EO CO 143 CPX #3CO PAGE UNTIL I/0 1S REACHED.
F5&65: DO EB 144 BNE NMEM1
FS&67: A2 20 145 LDX #%$20 THEN RESET TO PAGE 20
FS5&9 . EE EF FF 146 INC BNKSW AND GOTO NEXT BANK TO
FS56C: AD EF FF 147 LDA BNKSW CONTINUE. (MASK INPUTS
FS&F: 29 OF 148 AND  #30F FROM BANKSWITCH TO SEE
FS71-C9 03 149 CMP #303 WHAT SWITCH IS SET TO)
F573: DO DA 150 BNE NMEM1 CONTINUE UNTIL BANK ‘3"
FS5795: 151 =
FS7%5: 152 # SETUP SCREEN
F57%3:20 9D FD 193 ERRLP JSR SETUP CALL SCRM SETUP ROUTINE
F578: A2 00 154 LDX #%00 SETUP 1/0 AGAIN
F%7A:8E EO FF 155 STX SYSEQ FOR VIA TEST
FS7D: CA 156 DEX PROGRAM DATA DIR
FS7E. 8E D2 FF 157 STX 8YSD2 REGISTERS
F581:8E D3 FF 1358 STX SYSD3
FS584: A9 3F 159 LDA #$3F
F586:.8D E2 FF 180 STA SYSE2
F589. A? OF 161 LLDA #$OF
FS8B: 8D E3 FF 162 STA SYSE3
FS8E: A2 10 163 LDX #%$10 HEADING OF ‘DIAGNSTICS' WITH
F590:20 38 F7 164 JSR STRWT THIS SUBROUTINE
F593: A2 00 165 ERRLP1 LDX #300 PRINT ‘RAM’
F595. 86 SD 164 STX CV SET CURSOR TQO 2ND LINE
FS597: A9 04 167 LDA #304 SPACE CUREOR OUT 2
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61 62
FY99 20 C7 FB 168 JSR SETCVH (X STILL=0 ON RETURN)
F99C. 20 38 F7 169 _ JSR STRWT _  THE SAME SUBROUTINE
F99F A2 07 170 LDX #$07 FOR BYTES 7 - O IN
F5A1” 171 RAMWT1 EQU »
FS5A1:BS 10 172 LDA ZRPGIL, Z OUT EACH BIT AS A
FS5A3: AQO 08 173 LDY #$08 © ¢ QR ‘1’ FOR' INCDICATE BAD OR MISSING
F3AS5: OA 174 RAMWTZ ASL A CHIPS SUBROUTINE ‘RAM’ RAM
F5A6. 48 1795 PHA SETS UP THESE BYTES
FS5A7 A9 AE 174 LDA #HSAE LRAD A 7 7 TO ACC
F5A9 90 0O2 177 BCC RAMWTS
F3AR A9 3t 178 LDA #331 Loap A ‘1’ TO ACC
FSAD 20 25 FC 179 RAMWT4 JUSR COUT AND PRINT IT
FSBO 68 180 : PLA RESTORE BYTE
FS5B1. 88 191 DEY AND ROTATE ALL B
F3R2 DO F1 182 BNE RAMWTZ TIMES
FSB4 20 Q7 FD 183 JER O CROUTL CLEAR TQ END CF LINE
Fo37 CA 184 DEY
FSBB 10 E7 185 BPi. RAMWT1
FSBA: 186 *#
F9SBA. 187 # ZPGYLSTK TEST
F9BA 188 -
FSBA A 189 TXS
F%BB B8C EF FF 190 STY BNKSW
FSBE. 98 191 ZP1 TYA
FSBF 8D DO FF 192 STA IPREG
F5Ca 85 FF 193 .STA STKO
FSCq C8 194 INY
Fs7.3 98 195 TYA
FOTe 48 iSe PHA
FSC7 48 197 PLA
F3C8 C8 198 INY
F5C9 CO 2 199 CPY #$20
FeCp DO OF1 200 Brit 1=
FUCL A 0O ) LDy #su0
FOOF &C DO FY e Sy LPREG
Fsb2 26 18 203 8TX PTRLO
FSD4 EB 204 ZIP2 INX
F5D5 B& 19 209 STXx PTRHI
FSL7 BA gy TXA
Forg bDtoag ELV CMP PTGy
A DO 06 208 BNE IP3
F5DC EQ IF 209 CPX #$1F
FSLE DO F4 210 BNE  ZIP2
FSED FO 09 211 BEQ ROMTST
FISE2 212 IP3 EQU * CHIP 1S THERE, BAU ZERD ALL GSYACH
FOED A2 LA 213 LDX #$1A S0 PRINT “ZP’° MESEAGE
reEd S0 78 F7 214 JSR MESSERR % SET FLAG (2MHZ MODE)»
FOE7 2135 #
FRE7 216 * RGM TEST ROUTINE
F3E? 217 #
FRET7 A9 00 218 ROMT=T  1LDA  H$3O SET POINTERS TO
FeEY a8 £19 TAY $FCO0
FSEA A FO 220 DY BERC
FSEC. 895 18 221 STA PTRLO
FSEE: B6 19 222 STX PTRHI SET X TO S$FF
FSFO A2 FF 223 LDX #S$FF FOR WIMNDOWING 1/0
(SR AP S - 224 RUOMTSTL EOR (PTRILO)Y. ¥ COMPUTE CHKSUM ON
FREA b LY a2t CPY  PTRHI EACH ROM BYTE,
FSF6: DO 226 BNE ROMTBY2  WINDOW OUT
F3F9:.CO BF 227 CPY WSBF __ RANGES FFCQ-FFEF
FSFA: DO 02 228 BNE ROMTST2
FSFC: AQ EF 229 LDY #S$EF
FSFE:CB 230 ROMTST2 INY . __. . . o oo — o o
FSFF.DO F1 231 BNE ROMTST1
F&601:E6 19 232 INC PTRHI
F603:DO ED 233 BNE ROMTSTI ~ __ . _ .. __ .. - .-
F&05: A8 234 TAY TEST ACC. FOR O
F606: FO 05 235 BEQ VIATST YES, NEXT TEST
F&08:A2 03 = 236 LDX__#$03 ___ PRINT ‘ROM’ AND
F&OA: 20 7B F7 237 JSR MESSERR SET ERROR
F&OD: 238 *»
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63 64
F&OD: 239 # VIA TEST ROUTINE .
F&OD: 240 #
FoOD: 18 241 VIATST CLC SET UP FOR ADDING BYTES
FeOE: DB 242  __¢tb . el
F&LOF: AD EO FF 243 LDA SYSEO MASK OFF INPUT BITS
F6l12: 29 3F 244 AND #$3F AND STORE BYTE 1IN
F614:85 18~ 243 = STA _PTRLO _ _ TEMPOR. LOCATION =
F&16 AD EF FF 246 {.DA DBNKSW MASK OFF INPUT BITS
F612. 29 4F 247 AND #$4F AND ADD TO STORED
F&elB &5 18 248 ADC PTRLO  BYTE IN TEMP. LOC.
F61D 6D DO FF 249 ADC 2PREG ADD REMAINING
F620.85 18 250 STA PTRLO REGISTERS OF THE
F622: AD DF FF 251 LDA SYSD1 VIA’S
Fo25 29 SF 25z AND  #$SF (MASK THIS ONE)
Fe27 65 18 253 ADC PTRLO AND TEST
F&29 6D D2 FF 254 ADC 8YSD2  TO SEE
Fo2C 6D D3 FF  25% ADC SYSD3 IF THEY AGREE
Fsefh . 6D E2 FF 256 ADC SYSE2 WITH THE RESET
Fa32 6D E3 FF 257 ADC SYSE3 CONDITION.
Fams €9 E1 258 CMP  #$EQ+ROM =E17
F6IC FO 08 259 BEG ACIA YES, NEXT TEST
Fa30 AR Oh 260 LDX  #$06 NO, PRINT ‘VIA‘ MESS
Fo2h 20 7B F7 261 JSR MESSERR AND SET ERROR FLAG
P eIk 262 *
e 3 263 # AJIA TEST ROUTINE
Fa3e 264 ®
Pl 18 245 ACIA cLe SETUP FOR ADDITIONM
FoliiF A9 9F 266 1.DA  #$9F MASK INPUT BITS
Fs41.2D F1 CD 267 AND  ACIAST FROM STATUS REG
F644: 6D F2 CO 268 ADC  ACIACM AND ADD DEFAULT STATES
F647:6D F3 CO 269 ADC ACIACN OF COMNTROL AND COMMND
F64A.C9 10 270 CMP  #%$10 REGS. =107
154C FO 05 271 BEG ATD YES, NEXT TEST
F&a4E A2 09 ave LDX  #$09 NO, "ACI4’ MESSAGE AND
F650:20 7B F7 273 JSR MESSERR THEN SET ERROR FLAG
F&o3: 274 #
F&53: 27% # A/D TEST ROUTINME
Famy 276 # ) T
K413 A9 CO 277 AT I.DA #$CO
Fa%5 8N DCFY 278 STA  $FFDC
F659. AD BA CO 279 LDA PDLEN+2
4R AD SE CO 280 LLDA PDLEN+&
FoasE. AD 3C CO 281 , LDA PDLEN+4
Fhsl AD 20 282 = I.DY #$20
Féeb3: 88 283 ADCTST1 DEY WAIT FOR 40 USEC
Fé664 DO FD 284 BME ADCTST!
Féb6: AD 3D CO B3 _LDA PDLEM+3 SET A/D RAMP
F&b9 (B QRE6 ADCTETI INY COUNT FOR CONYERSION
Fooda FO OA 287 REY ADCERR (T 25592ERRORY
F4eC AD 648 €O 288 i.0A  ADTO IF BIT 7 =1~
FL&F’ 30 F8 289 BMI ADCTYST3 YES. CONTINUE
F&71 98 290 TYA NO, MOVE COUNT TQ ACC
F&672. 29 EO 291 AND  #S$SEO ACCC32?
F474 - FO S 29 LBEG KEYPLUG
Fb67¢ 293 ADCFRR £Qu + NO .
F&7E A2 OD 294 LD #3000 PRINT ‘A/D’ MESS
F&678 20 78 F7 295 JSR  MESSERR AND SET ERROR FLAG
F&78. 296 *
F&7B 297 #* KEYBOAD PLUGIN TEST
F478. 298 =
F&78B AD 08 CO 259 KEYPLUG L A KEYBD 1S KYBD PLUGGED JIN™
F&TE. OA 300 ASL A (1% LLIGHT CURRENT
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S 65 66
F&7F 10 41 301 BPL.  SEX PRESENT?) NO. BRANCH
F&81 AD DF FF 302 LDA SYSD1 1S ERROR FLAG SET?
F&84: 10 03 303 BPL RECON  (2MHZ MODE) NO, BRANCH
FoB& 4C 93 FT 304 JMF ERRLPL  ERKOR, HANG
Fo89: 305 =
kB9 306 e RECONFIGURE SYSTEM
Feg9: 307 #
F&89: 308 RECON EQU *
F&89. 49 77 309 LDA #s$77 TURN ON SCREEN

F68B 8D DF FF 310
F&BE 20 98 FI- 311

STA  SYSDI
GRS CLDSTRT

INITLALLTZE MONITOR AND DEFAULT CHARACTER

F&91 A9 10 312 LDA  #8$10 TEST FOR “"APPLE 1" SET
F&93:2D 08 CO 313 AND KEYBD

F&96 DO 09 314 BNE BOOT NO, DO REGULAR BOOT

F698:2C 10 CO  31% BIT KBDSTRB CLEAR KEYBOARD

Fa®3 AD S0 CC  31& L DA GRMD

F&YE 20 01 F? 317 JSR MONITOR  AND NEVER COME. BACK

real A2 O1 318 BOOT LDX # READ BLOCK ©

F&AZ 86 87 319 STx  1BCMD

F6AY. CA 320 DEX

FoAL B6 8% 321 STX I1BBUFP INTO RAM AT $A000

FFOAB A% AQ 3072 L.DA  #%A0

FuAA BS 86 3T £TA  [BBUFP+1

FaAl 4A 324 SRA ,FOR TRACK B0

FGAD BS 91 32% STA PREVTRK  MAKE IT RECALIBRATE TOQ!

F&AF  BA 324 TXA

F&BO. 20 79 F4 327 JSR  BLOCKIO

F5B3 90 0A 223 GOC SDBROT 1F WE’VE SUCCEEDED. DO IT UP

FoRS AZ 1C 09 LDt #e1(

Fok? 20 38 F/, 330 SR GTRWT ‘RETRY ™

F6BA 20 OF FD 331 JSR  KEYIN

FeBD BQ ER2 332 BCS  BOOT

F&BF 4C 00 A0 333 GOBOOT . MP $AQO0 .G0 TCO 1T FOOL. .

Feli 34 v

Feci ¥35 4 GYSTOM (YERTISER

Fe(z 3 .

FaC2 AC 7F 337 SEX LDY #$7F TRYFRQOM

FoCd 98 338 SEX! TYa 7F 70 O

F&CY. 29 FE 339 ARD  NSFE ADD. =

F&oc7 45 4E 340 ECR #$4E 4ECORAF ™

Fars FC 03 341 BEG SEX2 YES. SKP

F&6CH: B9 00 CO 342 LDA KYBD.Y NO, CONT

FOCE:8Q  J40 SEXR Ql! NXT ADD

F&CF: DO F3 344 SEX1

F6D1: AD 31 CO 345 LDA TXTMD SET TXT

F&D4: B9 _00 C1 344 SEX3 _ LDA  SLT1.Y  __EXERCSE . e —
F&D7:B9 00 €2 347 LDA SLT2,VY ALL

F&DA: B9 00 C3 348 LDbA SLT3, Y sLOTS
F&4DD:B2. 00 C4 349 = LDA SLYA.Y _ . . ol L e s
F6EO: AD FF CF 3%0 LDA EXPROM DISADLE EXPAMNSION ROM AREA
F&EZ. C8 331 INY

F&E4: DO EE 3%2 _ O BME . SEX3__ e - B
F&E&: 353 # .

F&E6: 354 # RAM TEST ROUTINE

F6E4L: 355 L _ ——
F&EL. A9 73 3546 USRENTRY LDA #$72+R0OM

F&ES: 8D DF FF 357 STA SYSD1

F6GEB: A9 18 3958 __‘_gpe #€18 - . e
F&ED. 8D DO FF 3359 STA ZPREG

F&FO: A9 00 360 LDA = #800

F&F2:A2 07 361 LDX %807 _ —
F&FR: 95 10 362 RAMTSTO STA ZRPG1, X

F&Fb: CA 363 DEX

F&F7:.10 FB 364 _BPL__RAMTSTO . _ —
F&F9: 20 B4 F7 369 JSR  RAMSET

F&FC: 08 3646 PHP

F&FD: 20 F7 F7 367 RAMTST1 JSR RAMWT —_ -
F700 20 F7 F7 348 JSR RAMWT
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4: bA
. 08
- 20
. DO
: 20
- 08
120
. 48
: A9
191
- 68
28
- 6A
. 08
- 20
- DO

A
- 8D
. 8D
- AL
“BD
A3
CA
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00
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10
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18

F8
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67 68
369 PLP

370 __ROR A
371 PHP

372 JSR PTRINC

373 BNE RAMTST1 o
374 JSR RAMSET

375 PHP

376 RAMTST4 JUSR RAMRD _ i

377 PHA

378 LDA #$00

379 STA (PTRLO) ., Y

380 PLA

391 PLP

a8z ROR A B .

383 PHP

384 JSR PTRINC

385 _ BNE RAMTST4 ]

385 #

387 # RETURN TO START

388 * 7 o o _

389 LDA #$00

390 STA DBNKSW

391 STA ZPREG

392 LDX #$07

393 RAMTSTSE L.DA  PHP, X

394 STA ZRPG1, X

395 DEX

396 BPL RAMTSTS

397 JSR ERROR

398 JMP  ERRLP

e L T Y T R TR R R R IR Ry e Y X

400 * SARA TEST SUBROUTINES
4O1 33N I

402 #
AT w BUBRNDUTINEG =TRING WRITE

dd =
4035 STRWT LDA  CTHPG, X
406 FHA
407 GRA #$80 NORMAL VIDED
RS JSROCOUY % PRNT
a0 INX NXT
RN PLA CHR
411 BPL. STRWT

412 JMP CRDUTL CLR TO EMD OF LINE
413 =

414 = SURROUVT TRE K

415 »

$16 RAM 2444 SV ACO
417 TXA CONVRT
41€ LER A ADD TO
419 LSR A USE FOR
2C LEF A 8 EMTRY
42 L5k k

42z [+ Hi®

=3 LSR A

424 PLP

42Z TAX LOOWKUP
Az LA AMTBL, ¢ IF &l
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50
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38
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S 09

8D

b A9

A2
A
<8
&8
&0

48

EF
CF

o1
14
oG
AR

)= D= e
S SEE G IR LT 3 M B a8

Py

FE

14

69
427
4
42%
43¢

431

4 '?.{i

T

19

aa

4 Radi
4.

14

4.

459 # SUBROUTINE

460 ®
d&1 RAMLGET

9z
0 AL
M7
47%

476

477

47 1

47 5 GQULE U
450 #

481 PTRIMC
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ol
- H44s
LD
AT

TA¥

A«
LA
ST
R

[ ER
AT«

L.oY
LDA
SEC
EHA
{247

™.
Lol

ORA
STA
LDA
T
[
Fi.F
Pl A

RTS

70
[~ e S0, GET
WHI H
RrAsH
®EGF

RN TR

LA Bary: -
A SET

o FROPEF
~ RAM

VL L

¢ Arg

wEE CONE D
Pari TO VAL

FoAMc0

4
AT
(13

L2 T BAlK =

et i

STRWTY FRINY
£ 2+RPOM GET
vvalig MHZ 1M

RAMSET

#3201
ENK

#3500
#3AA

SHK
#3180
ITINK
#5502
FTRHIT
#3200
LTRLO

Ptk PTRING

PHA
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3873
184
r - e
e,
4837
42383
129
.’“-‘f"|
39
LN
353
31594
45s

s

ST
i
2

529
A0
3
AN Doy
333
334
538
934
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THC
BNE
PNA
R
TN
M
BEG

B

g . Ire
PlrCt PR

. .
Lo
Y
T
o ‘i )

PasiTheR LT
RN

1

S

ADC

RAMEIRAZS =T
=4

RAMERR3 JSR
PLA

AN
£5

ey
[N P
ORA
STA

RAmi thas (DA

JCR
RAMEVRS SEC

fi
e SULRGUTIME
3*

RAMWY EQOR

sa

PTRLO
RETS
BN
PLincl
FToMI
#$13
PINC2
#%17
Pt

Y

TR

Rk
S

AN e

PTRHI

LMK

AT JeFe

B RET

#6520
BHKSW

RAM

#3300

(PTREOY D

IRP51, X
ZRPG1. X

g (7
LRSI
RAMERR3
H#ELD
AMFRRE
FamuT

HEFF

CETRLOY .

72
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4,383,296
73
EUCE OIS B § - ST AMIL M CRTRLD Y,y
RIS TR 938 s RANMERR
TR 539 RTC.
=es SUTCEE3IFUL ASSEMDLY  ND ERRQORS
COF3 ACIACN F&3E ACIA COF2 ACIACM
F&76 ADCERR F&e3 ADCTETL F&67 ADCTST3
C0&6& ADTO F&m3 ATD F479 BLOCKIO
FFEF BNKSW F&6AL DNOT F4CD CHPG
F932 CMTWR Fe29 cuur FDO7 CROUT1
FS13 DISK1 CODO DISKOFF F575 ERRLP
F77E ERROR CFFF EXPROM F6BF GDBQOT
8% I[BOUFP 87 1BCMD 1419 IBNK
cO08 KEYBD FDOF KEYIN F&70 KEYPLUG
F77B MESSERR F9O1 MONITOR F94F NMEM1
F32A NOGOOD F548 NOMEM F926 NXBIT
c058 PDLEN 1810 FHP F78B8 PINC1
91 PREVTRK 19 PTRHI F7A1 PTRINC
F93A PULBT F772 RAMOO F776 RAML
F768 RAMO F7DB RAMERR3 F7EA RAMERR4
F7D7 RAMERRZ F7F1 RAMERRY F7FB RAMRD
F78D RAMSET1 F4CS RAMTEL F&F4 RAMTSTO
F70F RAMTST4 F72A RAMTSTS FSA1 RAMWT1
F7F7 RAMWT FSAS RAMWTR F489 RECON
F3F2 ROMTST1L FSFE ROMTSTZ FSE7 ROMTST
FBC7 SETCVH FRYD SETUP ° F&Ca SEXL
F6CE SEXe F&lha SEX3 C1C60 SI.T1
€300 SLT3 cann SLT4 FF STKO
FFDF S©YSD1 FFD2 SYsDa FFD3 SYSD3
FFEQ SYSE=Z FFE3 SYSEJ COS51 TXTMD
F&OD VIATST FSBE ZIP1 FSD4 IPe2
FFDO ZPREG 10 IRPG1 00 IRPG
00 IRPEG 01 ROM 10 ZRPG1
19 PTRHI] 1A BNK D CV
a7 IBCMD 91 PREVTRK FF STKO
1810 PHP CO00 WYDD co08 KEYBD
2COA7 ADRS CO0%0 GRMD COS51 TXTMD
CO&646 ADTO CODO DISKOFF COF1 ACIAST
COF3 ACIACM C100 SLT1! C200 SLT2
C4a00 SLT4 CFFF EXPROM F479 BLOCKIO
F4CD CHPG FS513 DISK1 FS524 NXBYT
FS2A NOGOOD F332 CMTWR F33A PULBT
FS54F NMEM1 FS562 NMEM2 FS57% ERRLP
F5a1 RAMWT1 F3AS5 RAMWT2 FS5AD RAMWT4
FF5D4 IP2 FSE2 IP3 FSE7 ROMTST
F3FE ROMTSTZ F60D VIATST F&63E ACIA
F&e3 ADCTSTIL F6u9? ADCTST3 F&76 ADCERR
F&689 RECON Fé&AL BOOT F&6BF GOBOOT
F&C4 SEX1 F&CE SEX2 F6D4 SEX3
F&F4 RAMTSTO F6FD RAMTST! F70F RAMTSTA
F738 STRWT F748 RAM F760 RAMO
F7764 RAML F77B MESSERR F77E ERROR
+78D RAMSET1 F7A1 PTRINC F7B& PINC2
F7C3 RETS F7C9 RAMERR F7D7 RAMERR2
F7EA RAMERR4 F7F1 RAMERR?Y F7F7 RAMWT
F901 MONITOR FBC7 SETCVH Fca% CoOuT
FDOF KEYIN FD98 CLDSTRT FD9D SETUP
FFD2 SYSD2 FFD3 SYSD3 FFDF SYSD1
FFE2 SYSE=2 - FFE3 SYSE3 FFEF BMKSW
e NEXT OBJECT FILE NAME IS MOM. OBJ
F7FF: 2 ORG SF7FF
F7FF 3

74

ACIASY
ADRE
BiNIA
CLDSTRY
cv
ERRLFP1
GRMD
KBDSTRB
KYBD
MMEM2
MXDBYT
PIMCZ
PTRLO
RAM
RAMERR
RAMSET
RAMTSTL
RAMWT4
RETS
ROM

SEX
SLT2
STRWT
SYSEO
USRENTRY
P73

PTRLO
IBBUFP
IBNK
KBDSTRB
PDLEN
ACIACM
SLT3
RAMTBL
MXBIT
NOMEM
ERRLP1
ZP1
ROMTST1
ATD
KEYPLUG
SEX
USRENTRY
RAMTSTS
RAMOO
RAMSET
PINCI
RAMERR3
RAMRD -
CROUT1
IPREG
SYSEO
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75 76

RET! RTS
SBC  #1
BEQ RET1
SBC #1
REG RET!
D 1 SBT #1e
L H BEG RETI
o1 12 3BT #1
EF 13 BEQ KRETHL
=1 14 SBC  #1
] 1 2EG RETY
o1 1% BET #1
b 17 BEY S RETL
Gl 18 GEC  #1
£3 1% BEG  RET1
1 20 SHC #1

- = ARG RETHL

o1
FB
o1

G0N G s

€1 24 SR )
7 25 DEG RETH
i1 26 SEC #1

F 27 Bimy PETH

1 sl e i
ey [ES AR L I |

-1 30 SR H1
& 21 BEwG  RETL

i R G ¥ !
3 CL; P

‘ 4 R il
2 B i HET

il b 1 1
1 37 NMET1

! 3 1
o Rt FIDT

AT

[ a4 #1
a5 AT

i A - it
o 3 SURTRREN

wt 4g BTV B
; 4 §RG FETH

¢ = R

o T [

o e s i
- s ' Fr. 71

G 54 SR 1
an &¢: BESY RET)
Ct kg SHG
& 57 BEG  RETI

Tl eXs Sy 1
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78
BEQ RET1
SBC #1
EEG RETH
BEQ RETI
sSpC #1
BEG RET1
SBC #1
REG RETH
SBC #1
REA RETZ
SBC  #1
RET3 BEG RETZ2
SBC  #1
BEG RETZ2
SRy #1
BES RETS
SBC #1
REQ RET2
SBC #1
REG HET2
S0 #1
REG RETZ
SBC #1
BEG RET2
S0C #1
iy BETZ
#1
MR RETS
SR #1
BEQ RET2
SRC #1
Ry WETZ
S %1
GEy RETS
SEC #1
BEG RETS

SR #1
nEL PETZ
D 1
ne o RETR

SEC #1
G ROET2
CRC #1

SR s gy

.x I el
ST 2
RiTG RO

EBC  #1
BEG  RETZ
#1
RETZ
B
BT

#1
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QOSA:
QOYE:
GOBC

o0ea:
Q&3
COo4 .
0G&S:
QUGS .
CUa7:
[SIwEATH
GOAHRT
D0eAL
OCAE:
Q&
QoL
2R
Clal
[Alslaw
CoTY .
o7&
0073
GO74:
2075
QT4
oG77:
0078:
Q079!

CES

Fo

Fo
B
Fo
EY
B

"o T L
coor

fi;

Lora W
B
Y

8
)
Py
Gl
20

1

S e
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79

113 BEG RETE
114 SR #1
115 DEG PETZ
114 Gl 4]
117 BEQ RET2
118 5BC #1
{1 NEG RET&
La i @,

o LF SRR
2 =37 #i
a3 TFty Ry Ta
o< b .

et ea e e e e e e
¢
B

- Y e
o KT i
10 BRI B
10 8¢ o
L P it -
A i
TEURNS
ST SE R SR r
13 ST I L TR IS 102
oo
3 S
4 SCRRLLC EQU 358
& LMARGTIN LGU SCRNLEC
7 RMARGIN EGl)  SCRELOCH+]
8 WINTUP  EQU  SCRNLGC+2
T WINETM EGU  SCIRNLOC+3
10 CH EGL SCRNLOC+4
it CV EQU  SCRNLOC+Y
12 BAZ4AL EQU  SCRANLUC+S
12 BAS4H EGU  SCRNLOC+7
14 BAEEL EQU  ECRNLOC+8B
15 BASHH EQU  SCRNLOC+Y
14 TBASSL EGU  SCRNLOC+%A
7 TBAS4H EQU SCRNLOC+sDE
13 TEASEL EQU  SCRNLOC+$C
1% TBASEH EQU SCRNLOC+4D
20 FORGND EQU SCRNLCC+$E
21 BKGND EQU SCRNLOC+3$F
22 MODES EQU SCRNLOC+%10
23 CURSBOR EQU SCRNLOC+s$11
24 STACK EQU SCRNLOC+#%12
25 PROMPT EGU SCRNLOC+3$13
26 TEMPX EQGU SCRNLCC+%$14
27 TEMPY EQU SCRNLOC+$13
28 CSWl. EQU SCRNLOC+316
29 CSWH EQU SCRNLCC+$17
30 KEWL EQU SCRNLOC+%18
31 KSWH EQU SCPNLOC+%19
32 PCL EGU SCRNLOC+$1A
32 PCH SQU SCRNLOC+%1B
34 Alil EGU  SCRNLOC+$1C
3% Alr EGU  AlL+1
35 A EQU  AlL+2
37 A2H EQGU  AIL+3
38 A3L EQU AlL+4
3% A3H EGU ALL+S

80
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QO7A:
Q078
oN7¢:
007D:
007E:
0080:
0069
FR01:
CQO0:
C010:
F901:
03F8:
F479:
F&89:
F4EE:
003%0:
Qo81l:
0082:
008%5:
0087:
201
Fo01.
F901 ’BA
FR02 864
Feoa
F904: D8
FR0% 20
F08 A&
FI0A 9A
FYPCB. AY
FeonD B85
F90F: 20
Fe12: 20
F91%: 20

F71A AO
FI1¢ 88

FP1LF: D9
F922. D0
F924. 20
FR27 A4
F329 4C
Fe2¢C:

Foac: A2
F92E: 86
FI30 86
F$32. Bl
F934 C8
-F93% 49
F®37.C9
F939: 90
F93B. 69
F93D.C?
FR3F 20
F?41: AR
F943. 0A
F944: OA
F945% 0A
F?4&6 OA
947 QA
F948: 26
FQ4A: 26
F94C: CA
F34D: 10
Fo4r A9
F9%1: DO

F91D. 30

3A FC

D3 FC

2c F9
Fo1s 84 7

&C F9

58 F9

15 F9

81
40 A4L EQU
41 AdH QU
472 STATE EQU

43 YSAV EQU
44 INBUF  EQU
4% TEMP EQU
446 MASK EQU
47 %

48 KBD EQU
49 KBDSTRB EQU
50 *

51 USERADR EGU
52 BLOCKIO EQU
53 RECON  EQU
54 DIAGN  EQU

=3 INBUFLEM EGU $50

5& IBSLOT EQU
97 IDBDRVN EQGU
58 IBBUFP EQU
59 IBCMD EQU
60
61 ENTRY EQU

b2 TSX
&3 STX
64 =

6% MON cLD
&6 JSR
&7 MONZ L.DX
68 TXS
&9 L.DA
70 ST
71 JER
72 SCAN JSR
73 NXTINP JUSR
74 STY
Eg-) LDy
76 CMDSRCH DEY
77 BMI
78 cmp
79 BNE
80 JSR
at LDy
82 IME
83 %

84 GETNUM L.DX
8% STX
=1 ST
87 WNXTCHR LDA
88 THY
a9 EOR
90 CMP
91 BCC
9 ADC
93 oM
94 RCT
9% DIGIT LDXx
96 ASL
7 ASL.
98 ASL
L AGL
100 NXTRIT ASi
101 ROL
102 ROL
103 DEX
104 LR,
109 NXTRBAS LDA
106 BNE

4,383,296
82
AlL+b
ALL+7
A1L+8
ALL+9
ALL+3A i AND 8B
ALL+$C
CURSOR
$C000
$C010
$3F8
SFA79
$F 689 AS OF 12/20/79
$FAEE
; ONLY 80 BYTES ($3A0-3EF)
$81
IBSLOT+1
IBSLOT+4
IBSLOT+4
* -
STACK
i MUST BE HEX MODE
BELL
STACK , RESTORE STACK TO ORIGINAL LOCATLI0N
H#EDF L PROMPT (APPLE) FOR Gaka MoniTow
PROMPT
GETI.NZ ,GET A LINE OF INPUT
ISTATE : SET REGULAR SCAN
GETNUM i ATTEMPT TO READ HEY BYTE
YHAV L GTORE CURRENT INPUT FLIIMTER
#%11 ;17 COMMANDS
MON i GIVE UP IF UNRECOGNIZABLE
CMDTAB.Y i FOUND?T
CMDSRCH i NO AEEP LOOKING
TUSUB , PERFORM FUNCTION
YSAY , GET NEXT POINTER
X T INP i DO HEXT COMMAND
#0 i CLEAR AR
AL
AH
CINBUF Y
i BUMP INDEX FOR NEXT TIME
#3580
#3A ; TEST FOR DIGIT
DIGIT i SAVE IT IF 1-9
#4898 ; TEST FOR HEX A-F
#6FA
DIGRET
*2
A
A
A
A
A , SHIFT HEX DIGITS INTOQ A2
A2L
ADH
i SHIFTED ALL YET™
NXTRIT
STATE
NXTBS2 , IF ZERD THEN COPY TO A1.3
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83 84

F953. 85 77 107 LDA  A2H, X
F955: 95 75 108 STA AlH, X
F957:95% 79 109 STA A3H, X
K959 EB 110 NXTBS2 INX
F9SA' FO F3 111 BEG NATBAS
F9SC DO D4 112 BNE  NXTCHR
FISE: 113 *
F9SE: A9 FA 114 TOSUB LDA #<ASCII  ;PUSH ADDRESS OR FUNCTIOM
F960: 48 119 PHA i AND RETURM TO IT
F961 B9 7C F9 116 LDA CMDVEC. ¥
F944 48 117 PHA
F965: A5 7C 118 LDA STATE i PASS MODE VIA ACC
F967: A0 00 119 ZSTATE LDY #0
F96%: 84 7C 120 STY STATE i RESET STATE OF SCAN
F96B: 60 121 DIGRET RTS
F96C: 122 #
F96C: 123 CMDTAB EQU #
FI&C: 00 124 DFE 80 i ¢ =60 (CALL) SUBRQOUTINE
F9&D: 03 125 DFB 33 i J  =JUMP (CONT! PRDGRAM
FI&E: O6 126 DFE %4 i M =MOVE MEMORY
FOY&F: EB 127 DFB $EB i R =READ DISK BLOCK
F970: EE 128 DFE $EE i U =USER FUNCTION
FQ71: EF 129 DFB $EF i ¥V =VERIFY MEMORY BLOCKS
F972:FO 130 DFB  $FO i W =WRITE DISK BLOCK
F973: F1 13t ~ DFB $F1 __ _ i X =REPEAT LINE OF COMMANDS
F974: 99 132 DFB  $99 i SP =SPACE (DYTE SEPARATOR)
FO7%: 98 133 DFB 9B i " =ASCII (HI BIT oN)
FO76: AV 134 DFB  $AO i =ASCII (HI BIT OFF)
F977:93 135 DFE 493 ; =SET STGRE MODE
FO78: A7 136 DFB  $%A7 i =RANGE SEPARATOR
FO79: A8 137 DFB  $AS i /  =COMMAND SEPARATOR
FO7A. 98 1738 DF3  $95 i ©  =DEST/SOURCE SEPARATOR
FOTR Cb 139 DFB  3C4 i CR =CARRAGE RETURN
FO7C: 140 *
FI7C: 141 CMDVEC EGuU #
F97C. 7C 142 DFE  GO-1
FO7D: 7A 143 DFIs  JUMP-1
F7¢: 28 144 DFE  MOVE-1
FS7E: OF 145 DF3 READ-1
F9E0. 77 146 LFR USER-1
Fog1: 3A 147 DF;  VRFY-1
Foma: C2 148 DFE  WRTE-1
F983: L 149 LFR REPEAT-1
Foa4s: A3 150 DFB  SPCE~1
Foas: Gg 151 DFZ  ASCII-{
FS%e: G6 152 UFT ASC1IO-i
Foe7 B7 153 DFE  SETMODE-!
F938: 87 154 DFR  SETMODE-1
COSD . GG 155 DFE  SEP-1
Frati: 90 156 UFE DEST-1
FEEG. 25 1e7 DFB  CRMON-1
a0 192 &
FREC: 159 #
Foac: 160 NXTA4 ING  ASL i BUMP 16 BIT POIMTERS
FISE. 141 BNE NXTA1
P, 162 INC  A4H
ELE 143 NXTAL NG ALl i BUMP Al
FoRg Do 144 BNE  TSTAL
Fode | . 185 INC  AlH
Oug 38 165 SEC » IN CASE OF ROLL OVER.
OS9G £ 10 167 BEG RETAL
EX5H. A% 74 168 TETAI LDA AL ; TEET At:AZ
Foop. o e SEC
FOQI£9 Te 170 ZBC A2L
FIAG 85 &0 171 STA  TEMP
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