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360/98; 360/133  one diskette between the retrievable position and an
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360/97-99, 86, 133, 135; 274/10  spindle, and a position control circuit for controlling the
‘ i position of a recording head across the one diskette
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one diskette. The floppy diskettes are stored bent in the
i’i.z,(z)’gg‘;’ igﬁg;g g;t:h otal ggﬁ;g disk pack, but in the operative position the one diskette
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plane of rotation. A microprocessor controls the entire
disk drive.
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1
DISK DRIVE

TECHNICAL FIELD

This invention relates to information storage systems
and, more particularly, to disk storage apparatus and
drive control apparatus for disk drives. '

BACKGROUND OF THE INVENTION

Information storage systems are employed to store
data which are processed by data processors such as
micro-computers, mini-computers and main frames. A
disk drive is one type of information storage system
whose use is rapidly expanding, in part because it pro-
vides high-capacity, on-line, random access storage for
small to medium scale computer systems. The data
storage medium of the disk drive can be a hard, i.e.,
inflexible, disk or a soft, i.e., flexible, disk or diskette,
known as a floppy disk. The disk drive has a read/write
recording head that is movable radially across concen-
tric data tracks on the diskette while the diskette is
rotated on a spindle. Disk drives are identified by their
-sizes and given generic names such as mini-drives and
maxi-drives.

As can be appreciated, a wide variety of technical
problems must be satisfactorily solved before a disk
drive can be adequately utilized. One problem is to
provide a disk drive of a given size with a higher, on-
line, data storage capacity. One type of disk drive solves
this problem by providing a disk pack which stores a
plurality of diskettes. A drive mechanism linearly
moves the disk pack up and down to bring any one of
the diskettes into a retrievable position. The one dis-
kette then is retrieved or picked from the disk pack and
moved inwardly to an operative or rotational position
on the spindle. After use, the diskette is returned to the
disk pack and the procedure can then be repeated to
retrieve another diskette.

While the storage of a plurality of diskettes in the disk
pack increases the data storage capacity of the disk
drive, the linear up and down motion of the pack adds
to the space requirements of the disk drive. Further-
more, a relatively complicated drive mechanism is uti-
lized to move the disk pack up and down. Also, this
space requirement and complicated drive mechanism
increase the cost of the disk drive.

Another problem relates to the design of a picker
mechanism for retrieving the diskette from, and return-
ing it to, the disk pack. A prior picker mechanism has
spring-biased jaws which are driven onto an edge of the
diskette to open slightly and clamp the diskette. Then,
the jaws hold the diskette by friction while the diskette
is moved to the operative position. Thereafter, the jaws
slide off the diskette to unclamp or release the diskette
in the operative position. One disadvantage is that the
jaws are clamped on the jacket of the diskette, which
can cause wear of the jacket and damage to the data
storage medium in the jacket. Also, relatively high
electrical power and a large motor are required to drive
the jaws onto the diskette edge. Furthermore, the
power needed to drive the jaws onto the edge must be
balanced against the power used in moving the jaws
towards the operative position to prevent the jaws from
slipping off the edge.

Yet another problem is the expansion or contraction
exhibited by the data storage medium in response to
temperature and humidity conditions. This expansion or
contraction increases or decreases the distance between
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centerlines of the concentric data tracks, causing prob-
lems in accurately positioning or servoing the recording
head over a data track. One prior disk drive uses an
outer and an inner servo track being outside and inside
the data tracks, respectively. The expansion and con-
traction of the data storage medium are compensated by
measuring the variable distance between the inner and
outer servo- tracks, and then assigning proportional
locations for all the data tracks which lie between the
servo tracks. As the recording head-is moved to a par-
ticular data track, a scale is sensed to detect the distance
moved by the head. When the distance moved by the
head indicates that the assigned position has been
reached, the head is assumed to be centered over the
particular data track and movement of the head is
stopped. ‘

One disadvantage with the above compensation
scheme is that two servo tracks must be written on the
storage medium by the diskette manufacturer. The use
of two servo tracks also reduces the available data stor-
age capacity of the diskette. Another disadvantage is
that the recording head must be moved across the dis-
kette between the inner and outer servo tracks to detect
their relative positions and calculate the distance be-
tween them, thereby requiring a relatively long time for
collecting the data to make the compensation. Still an-
other disadvantage is the use of a complicated algo-
rithm for computing the data assigning positions to the
data tracks.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
novel information storage system.

It is another object of the present invention to pro-
vide a disk drive of given size and space requirement
with high storage capacity.

Yet another object of the present invention is to pro-
vide a picker mechanism having mechanically actuated
jaws. '

Still another object of the present invention is to
provide an improved technique for compensating for
expansion or contraction of a data storage medium.

The above and a number of other objects of the pres-
ent invention are obtained through the use of an infor-
mation storage system, such as a disk drive, that has a
pivotal means for storing a plurality of data storage
devices, such as diskettes, means, including a mechani-
cally actuated picker mechanism, for picking and mov-
ing one of the data storage devices from a retrievable
position of the pivotal storing means to an operative
position at which the one data storage device is used,
and a position control circuit for positioning a recording
head relative to the one data storage device at the oper-
ative position. The position control circuit compen-
sates, for example, for expansion or contraction of the
data storage medium by having a scale which expands
and contracts proportionally with the data storage me-
dium to provide information for locating the expanded
or contracted data tracks on the data storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified, partially broken view, in per-
spective, of a disk drive.

FIG. 2 is a top view of the disk drive of FIG. 1.

FIG. 3 is an exploded view, in perspective, of a piv-
otal storage box and a drive for pivoting the box.
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FIG. 4 is a section taken along lines 4—4 of a disk
pack of the pivotal storage box of FIG. 3.

FIG. 4A is a section taken along lines 4A—4A of
FIG. 4.

FIG.4Bisa top view, partially broken away, of the
disk pack shown in FIG. 3.

FIG. 5, FIG. 6 and FIG. 7 are ﬂlustranons used to
explain the operation of the pivotal storage box.

FIG. 8 illustrates, in perspective, a picker mechanism
for the disk drive of FIG. 1.

FIG. 9, FIG. 10 and FIG. 11 are illustrations of the
picker mechanism, partially broken away, used to ex-
plain its operation.

FIG. 12 is a top view of a data storage medium of a
diskette used with the disk drive of FIG. 1.

FIG. 13 shows a signal waveform used to explain a
recording head position control circuit utilized by the
disk drive.

FIG. 14 is a block diagram of the position control
circuit.

FIG. 15 is a perspective view of a disk clamp mecha-
nism in combination with the picker mechanism.

FIG. 16 and FIG. 17 are views used to explain the
operation of clamping and reclamping a diskette on the
spindle in the operative position.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 and FIG. 2 illustrate an information storage
system 10. The system 10 is, for example, a disk drive 12
and, in particular, a floppy disk drive. While the present
invention will be described in connection with the
floppy disk drive 12, it will become apparent that a
number of the components to be described can be uti-
lized for other information storage systems in general
and other types of disk drives in particular.

Disk drive 12 has an envelope or base 14 which
mounts pivotally a box 16 that stores or houses a plural-
ity of data storage devices 18 such as floppy disks or
diskettes. A picker mechanism 20 is supported on base
14 to pick or clamp, and move, any one of the floppy
diskettes 18 stored in box 16 between a retrievable posi-
tion into which the one diskette 18 is pivotable and an
operative position at which the one diskette 18 is rotat-
able on a spindle 22.

A position control device 24, connected to the base
14, includes a carriage 26 which carries and moves a
recording head 28 radially inwardly and outwardly
across the diskette 18 being rotated on the spindie 22.
Position control device 24, as will be further described,
accurately positions the head 28 with respect to concen-
tric data tracks on a data storage medium (described
below) of the diskette 18 after compensating for expan-
sion or contraction of the data storage medium due to,
for example, temperature and humidity conditions, or
after compensating for eccentric rotation of the data
storage medium due to slight misalignment on the spin-
dle 22.

Base 14 also has a straight edge guide 30 which sup-
ports and guides a diskette 18 during its movement
between the retrievable position and the operative posi-
tion.

As shown in FIG. 3, the pivotable box 16 includes a
support tray 32 which is pivotally mounted on base 14
by a pair of pivots at 34 (see also FIG. 1). Tray 32 has
an open rear end 36 that can be closed by a pivotally
mounted door 38, connected to base 14 (see FIG. 1),
and an open front end 40 which faces the spindle 22.
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Tray 32 also has a flag 41¢ that is movable into a fixed
optical sensor 415 to signal that box 16 is in a home
position, as will be further described.

Box 16 also includes a disk pack 42 which is insertable
into the tray 32 through the rear end 36 and rotates with
tray 32 about pivots 34. Disk pack 42 also has an open
rear end 44 which can be closed by door 38 and an open
front end 46 facing spindle 22. Disk pack 42 has a guide
48 and tray 32 has a pin 50 which locates or centers the
disk pack 42 via guide 48 upon insertion of the pack 42
into the tray 32. Disk pack 42 also has a spring-biased
detent 52 that is biased into a pack groove 54, as well as
a cut-out 56, for purposes to be described.

Disk pack 42 removably stores or houses a plurality
of the diskettes 18. As illustrated in FIG. 4, FIG. 4A
and FIG. 4B, a side 58 of disk pack 42 has a plurality of
guides or rails shown generally at 60 for supporting the
plurality of diskettes 18, respectively. As one example,
there are five guides 60-1, 60-2, 60-3, 60-4, 60-5, in
which four are angled, e.g. V-shaped, and one, i.e.,
guide 60-3, is straight. The diskettes 18, which are
floppy diskettes and, therefore, flexible, are bent or
follow the angle of guides 60 when supported on these
four guides. The diskette 18 supported on guide 60-3 is
straight since this guide is straight.

Each of the guides 60-1, 60-2, 60-4 and 60-5 has a
forward, substantially straight guide portion 62-1, 62-2,
62-4 and 62-5 joining a rearward, substantially straight
guide portion 64-1, 64-2, 64-4 and 64-5 via an apex 66-1,
66-2, 66-4 and 66-5. The guide portions 62-1, 62-2, 62-4
and 62-5 are angled such that their centerlines 68-1,
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58 coincident with the pivots 34. Guide 60-3, which is
not angled, also has a centerline 68-3 extending through
point 69. Furthermore, the apices 66-1, 66-2, 66-4 and
66-5 are approximately one-third in from the front end

This angling of the guide portions 62-1, 62-2, 62-4 and
62-5 and location of the apices 66-1, 66-2, 66-4 and 66-5
provide a number of advantages. The diskettes 18, when
supported on the plurality of guides 60, are “fanned” at
the rear end 44 and front end 46. This provides suffi-
cient space between the diskettes 18 to remove a partic-
ular diskette by hand from the rear end 44 of disk pack
42 and, more importantly, to retrieve a particular dis-
kette from the front end 46 of disk pack 42 by picker
mechanism 20. Also, there is sufficient spacing between
the plurality of guides 60 in the area of the apices 66-1,
etc., to provide, for example, as many as five such
guides 60 within the given height of disk pack 42. More-
over, for reasons which will become apparent, the dis-
tance between a given apex 66-1, etc., and the axis of
rotation of spindle 22 is equal to the radius of the dis-
kettes 18. The diskettes 18 can be, for example, mini-
floppy diskettes having a diameter of 5}". Still further-
more, and also as will become apparent, the disk pack
42 need only be rotated a limited amount around pivots
34 and point 69 to move any one of the diskettes 18 into
the retrievable position for picking by picker mecha-
nism 20.

With reference again to FIG. 3, base 14 supports a
drive mechanism 70 for rotating box 16 about pivots 34.
Mechanism 70 includes an index cam 72, having a cam
surface 74, which is connected to the bottom of tray 32,
and a clevis 76 having a cam follower 78 which moves
along surface 74. A stepper motor 80 and lead screw 82
are connected to clevis 76 to drive cam follower 78
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along cam surface 74, thereby pivoting tray 32 and,
hence, disk pack 42.

Stepper motor 80, as will be further described, is
selectively controlled to drive or move cam follower 78
to any one of five discrete positions along cam surface
74. This action brings any one of the diskettes 18 stored
in disk pack 42 into the retrievable position for retriev-
ing by picker mechanism 20, as will now be described.

FIG. 5 illusirates the bent guide 60-1 of box 16 as
being rotated downwardly to a position called the re-
trievable position. In this retrievable position, the dis-
kette 18 in guide 60-1 is in a position ready to be re-
trieved by picker mechanism 20 (not shown). Then, as
shown in FIG. 6, the picker mechanism 20 has retrieved
the diskette 18 from guide 60-1 and moved it to the
operative position at which the diskette 18 is clamped
on spindle 22 and ready to be rotated. In moving from
the retrievable position to the operative position, the
diskette 18 is guided by guide 60-1 and by edge guide 30
on base 14. In the operative position, a portion of the
diskette 18 is still supported in guide portion 62-1.
Moreover, the guide portion 62-1 is aligned with edge
.guide 30 and the guide portion 62-1 is parallel to the
plane of rotation of diskette 18. Thus, while the diskette
18 is bent or angled when in the retrievable position, it
is flat when in the operative position.

It now may be appreciated that box 16 can be pivoted
to any one of the five discrete positions to move any one
of the five diskettes 18 into the retrievable position
shown in FIG. 5. The angles of guide portions 62-1
through 62-5 are such that when any one of them is in
the retrievable position and the corresponding diskette
18 is moved into the operative position, the diskette will
be flat having the parallel plane of rotation.

After using the diskette 18 in the operative position,
the picker mechanism 20 returns this diskette 18 to the
retrievable position. Then, box 16 can be pivoted to any
one of the other rotatable positions to place another
diskette in the retrievable position, which is then
brought into the operative position. FIG. 7 shows an-
other diskette 18 being in such an operative position.
This pivoting of box 16 is random in the sense that box
16 can be pivoted from any one rotatable position to any
other rotatable position to move a selected diskette 18
into the retrievable position without having to first
retrieve any of the diskettes 18 in any intermediate
guides 60. As will be further described, this selection
process is performed under program control of a data
processor, such as a microprocessor, which controls
energization of stepper motor 80.

FIG. 8 illustrates the picker mechanism 20 in relation
to a diskette 18 that is assumed to be in the retrievable
position. The diskette 18 has a jacket 84 surrounding a
disk-shaped data storage medium 86. The jacket 84 of
each diskette 18 has a slot 88 that is aligned with cut-out
56 of disk pack 42 and has an edge groove 90 (see FIG.
4B) that is aligned with spring biased detent 52 and
groove 54 of disk pack 42 when the diskette 18 is stored
in the pack 42.

Picker mechanism 20 includes a pick head 92 that has
a pair of openable and closeable jaws 94 which pick or
clamp the diskette 18 via slot 88. Pick head 92 is sup-
ported on a carriage 96 which rides on a pair of guide
rods 98. A spring 100 is disposed between the upper of
the jaws 94 and the carriage 96 to bias the jaws 94
closed. The upper of the jaws 94 moves vertically on a
shaft 102 that has a cam follower 104 connected across
and extending away from shaft 102.

—

0

20

25

40

45

50

55

60

6

A support member 106 supports a pick cam 108 near
the retrievable position. Pick cam 108 has a lever 110
that is pivotally connected to support member 106 by a
pivot 112 and is biased into the position shown by a
spring 114. A cam surface 116, which is slanted and
fixedly connected to lever 108 and is in the path of cam
follower 104, has an incline 118, an incline 120, and an
underside 122.

Support member 106 also supports a release cam 124
near the operative position. Release cam 124 has a lever
126 that is pivotally connected to support member 106
by a pivot 128 and is biased into the position shown by
a spring 130. A cam surface 132, which is slanted and
fixedly connected to lever 126 and is in the path of cam
follower 104, has an incline 134, an incline 136, and an
underside 138.

A drive mechanism 140 for moving the carriage 96
along guide rods 98 includes a stepper drive motor 142
which drives a continuous belt 144 that is coupled to
carriage 96. Also shown is a stripper 146 which strips
the diskette 18 from a depending member 147 (see FIG.
9) of the upper of jaws 94 as the pick head 92 releases
the diskette 18 in the operative position.

Carriage 96 has a cam follower 148 which, when
diskette 18 is in the operative position, causes a disk
clamp mechanism 244 (see FIG. 15) to pivot down-
wardly and clamp diskette 18 on the spindle 22. This
disk clamp mechanism 244 is released when carriage 96
and cam follower 148 move toward the retrievable
position. Carriage 96 also has a flag 149a that is movable
into an optical sensor 149b to signal that pick head 92 is
in a home position, as will be further described.

In the operation of the picker mechanism 20 to re-
trieve a diskette 18, and with reference to FIGS. 8-11,
as the pick head 92 is driven in an outward or disk-out
direction towards the retrievable position, cam follower
104 moves up incline 118 and then incline 120. This
action opens jaws 94 against the bias of spring 100 (FIG.
9). Then, as pick head 92 is driven further in this direc-
tion, cam follower 104 moves off of incline 120, allow-
ing spring 100 to bias jaws 94 closed through slot 88 and
clamp diskette 18.

Then, pick head 92 is driven in the reverse or disk-in
direction towards the operative position to move dis-
kette 18 partially out of disk pack 42 and into edge guide
30. During this disk-in movement, cam follower 104
contacts underside 120 (FIG. 10) of pick cam 108 to
pivot lever 110 upwards and allow pick head 92 to
bypass pick cam 108 without opening jaws 94 which are
clamping diskette 18.

Then, with reference to FIG. 8, as pick head 92 con-
tinues to be driven towards the operative position with
diskette 18, cam follower 104 rides on incline 134 and
incline 136 to again open jaws 94. As the jaws 94 open,
depending member 147 tends to raise diskette 18 at its
forward edge 150, but this edge 150 contacts the under-
side 151 of stripper 146 which strips diskette 18 from
depending member 147, thereby allowing diskette 18 to
lie flat around spindle 22 in the operative position. Pick
head 92 then continues to be driven in the reverse or

"disk-in direction beyond the operative position so that

cam follower 104 moves beyond incline 136, thereby
allowing spring 100 to bias jaws 94 closed.

After the diskette 18 is used in the operative position
and is to be replaced in the retrievable position, pick
head 92 is again driven in the forward or disk-out direc-
tion from its last described position. Cam follower 104
contacts underside 138 of cam surface 132 to pivot lever
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126 upwards and bypass release cam 124 without open-
ing jaws 94. As shown in FIG. 11, as this disk-out move-
ment continues, closed jaws 94 push on edge 150 via
depending member 147 to move diskette 18 towards the
retrievable position. As cam follower 104 then rides
along incline 118 to begin opening jaws 94, which now
lose contact with edge 150, carriage 96, and hence pick
head 92, is driven no further, unlike when pick head 92
is moved to retrieve the diskette 18. The manner in
which cam follower 104 is moved beyond cam surface
116 to retrieve diskette 18 and then moved only onto
incline 118 to return diskette 18 to the retrievable posi-
tion will be described below.

Then, at the position of cam follower 104 at which it
is stopped on incline 118, groove 90 in diskette 18 starts
to receive spring-biased detent 52 on disk pack 42. De-
tent 52 then rides into groove 90, forcing or drawing
diskette 18 into the retrievable position. In addition to
this function, detent 52 also maintains and aligns all of
the diskettes 18 in the disk pack 42. As with stepper
motor 80 which is used to pivot box 16, stepper motor
142 is energized under program control by the data
processor to be described below.

FIG. 12 illustrates the data storage medium 86 of the
diskette 18 that is used in conjunction with the position
control device 24. The storage medium 86 is made of a
material, such as Mylar, which will expand or contract
in response to various temperature and humidity condi-
tions. Another factor to be more fully discussed is that
the diskette 18 may be slightly mis-clamped on the spin-
dle 22 in the operative position such that the storage
medium 86 may rotate slightly eccentrically.

The diskette 18 is manufactured or used with a refer-
ence datum shown generally at 152. As one example,
the reference datum 152 is a single concentric reference
or servo track 154. The reference track 154 has single
frequency signal of, for example, 125 KHz written on it
and is 0.0012" or 12 mils wide. Also included on the
storage medium 86 for position control purposes are a
plurality of sector holes 156, e.g., sixteen equiangularly
spaced sector holes, although only every other or eight
of the holes 156 need be utilized for position control
purposes. An index hole 158 is also made on the storage
medium 86 for indexing purposes. Storage medium 86
also has, for example, concentric data tracks To-T1s30n
which to record data, each track To-Tis3 being, for
example, 0.004''-0.0002" wide with a center-to-center
spacing of 0.0059" at 70° F. and 50% relative humidity.
Among other things, expansion and contraction of the
medium 86 will increase and decrease the center-to-cen-
ter distance of the data tracks To-T)s3, as well as move
outwardly and inwardly the inner diameter (I.D.) of
reference track 154.

FIG. 13 shows a curve or waveform 160 of the ampli-
tude vs. width of the single, as outputted by the record-
ing head 28, frequency signal from the inner diameter
(I.D.) to the outer diameter (O.D.) of the reference
track 154 at a given circumferential position of track
154. The waveform 160 has a generally level portion
162 of constant amplitude F that falls off over a linearly
sloping portion 164 leading towards the 1.D. Shown
along the X-axis are four points Pg-P3, at which wave-
form 160 has corresponding amplitude ratii Ro-R3
which are the ratii of the amplitude of the frequency
signal at points Po-P3 to the amplitude F of level portion
162. Thus, for example, Rp equals the amplitude at Pg
divided by F, which is approximately 0.8. It should be
noted that due to, for example, manufacturing toler-
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ances, the amplitude F of the frequency signal written
on reference track 154 may vary from one diskette 18 to
another, or may vary along the circumference of track
154 of one diskette 18. However, the shape of waveform
160 will be substantially the same so that at correspond-
ing points Pg~P3 from the 1.D., the ratii Rg-R3 will be
the same. That is, for example, Ro=0.8 will be the same
for each waveform 160. Also to note on sloping portion
164 is a ratio Rgrp, which is, for example, equal to 0.5 F
and corresponds to a reference position (RP) of refer-
ence track 154.

FIG. 14 shows a position control circuit 166 of posi-
tion control device 24 that may be used in conjunction
with the data storage medium 86. Medium 86 is shown
on the spindle 22 which can be rotated by a motor drive
shown generally at 168. Also shown is the carriage 26,
which is driven by a motor 170, such as a 1.8°, 4-phase,
stepper motor, and the recording head 28.

Carriage 26 also carries a sensor 172 which is of a
material that expands and contracts proportionally to
the material of data storage medium 86 in response to
temperature and humidity conditions. Preferably, sen-
sor 172 is of the same material as the medium 86 so that
if the latter is Mylar, then the former is Mylar. Sensor
172 has a readable scale 174 which constitutes a plural-
ity of spaced apart scale lines or indicia 176. The spac-
ing of scale lines 176 is such that there are 10 lines or
pulses (pips) corresponding to the center-to-center dis-
tance between each adjacent data track To-Ts3, and 20
lines or pulsess between reference position RP of refer-
ence track 154 and track To. Sensor 172 also has a car-
riage home marker 178, which indicates when the car-
riage 26 is in a home position. In this home position, as
shown in FIG. 12 and FIG. 14, recording head 28
should always be substantially outside the O.D. of refer-
ence track 154. This home position is predetermined to
account for worst case conditions in which the medium
86 may expand, causing the reference track 154 to move
outwardly, or in which slight eccentric rotation of the
medium 86 on spindle 22 may cause portions of refer-
ence track 154 to move outwardly towards head 28 in
the home position.

A microprocessor 180, such as the Intel 8051, manu-
factured by Intel Corporation, Santa Clara, California,
receives a home position signal from a fixed sensor 182
via a line 184, an amplifier 186 and a line 188. Sensor 182
is at the fixed position to sense marker 178 when car-
riage 26 is moved into the home position. A sector/in-
dex sensor 190, having a light source 192 and light sen-
sor 194 disposed on opposite sides of medium 86, gener-
ates sector signals and index signals as sector holes 156
and index hole 158 rotate between source 192 and sen-
sor 194. These sector and index signals are fed over a
line 196, an amplifier 198 and a line 200 to an interrupt
port of microprocessor 180. Recording head 28 pro-
duces an amplitude signal, as shown in FIG. 13, propor-
tional to the amplitude of the frequency signal on refer-
ence track 154. This signal is coupled to an RF amplifier
202 over a line 204, whose output on a line 206 is cou-
pled to a rectifier and peak detector 208 that generates
a DC voltage signal proportional to the amplitude of
the frequency signal. An A/D converter 210, under
control by microprocessor 180 over a control line 212,
converts the DC voltage output of detector 208 on a
line 214 to a digital number which is fed on a data bus
216 to microprocessor 180.

A fixed quadrature scale sensor 218 senses each scale
line 176 on scale 174 as the latter moves radially across
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medium 86. Sensor 218 produces four pulse signals on
four lines 220 each time a scale line 176 moves out-
wardly or inwardly across sensor 218. Logic in a direc-
tional signal and pulse detector 222, in response to the
information on lines 220, produces an outward/inward
directional control signal on a line 224 and a pulse signal
on a line 226 for each scale line 176. An up/down
counter 228 is switched into an up-count state in re-
sponse to the outward directional control signal on line
224 or a down-count state.in response to the inward
directional control signal on line 224, and counts each
pulse on line 226. Under control by microprocessor 180
via a control line 230, counter 228, which may be a
16-bit counter, sends the count over data bus 216 to
microprocessor 180.

As previously indicated, motor 170 is a 1.8°, 4-phase
stepper motor which would move carriage 26 and
hence head 28 a distance of 0.0059 inches for each full
step of 1.8°. A motor control circuit shown generally at
232 includes a driver circuit 234 that controls motor 170
over four lines 235 by sourcing and sinking current to
the two sets of coils (not shown) in motor 170. Driver
circuit 234 receives a conventional 4-phase drive signal
from microprocessor 180 over two lines 236. Given the

10

15

20

four possible states of lines 236, four possible states of 25

current flow directions exist for the two coils in motor
170. Motor 170 is locked at even stepped increments
when a steady state condition exists with lines 236 fixed
in any one of their four possible states. Motor 170 moves

in full step increments given a change in state in one of 30

the two lines 236 which results in corresponding
changes in state of current flow to the motor coils over
lines 235. :

Under the control of a timer 240 and gating signals it
generates on two lines 238, full step movements in
motor 170 are divided by 100, such that corresponding
movements in head 28 are 59 microinches of 1 1/100th
of center-to-center tracks spacing. In particular, micro-
processor 180 generates data words on data bus 216 and
loads these into timer 240 with control line 242. These
data words provide information for producing gating
signals on lines 238 which result in driver circuit 234
driving current on lines 235 in a phase modulated fash-
ion in one of the coils of motor 170 in a duty cycle
ranging from 0 to 100%.

In the overall operation of position control circuit
166, under software control to be further described
below, microprocessor 180 first activates motor control
circuit 232 to drive motor 170 to move carriage 26 and
hence head 28 in the outward direction towards the
home position. When this home position is reached,
sensor 182 detects marker 178, thereby to signal micro-
processor 180 via amplifier 186. Microprocessor 180
then controls circuit 232 to deenergize motor 170 and
stop the movement of carriage 26. During this outward
movement, scale 174 has been moving across quadra-
ture scale sensor 218. Thus, counter 228 has been placed
in an up-count state and has been incremented with each
passage of a scale line 176 across sensor 218 to store a
count corresponding to this home position.

Thereafter, microprocessor 180 activates control
circuit 232 to energize motor 170 to drive carriage 26
and head 28 in the inward direction towards reference
track 154. During this movement, counter 228 is in the
count-down state and has been decremented with each
passage of a scale line 176 across sensor 218.

Assume now that head 28 has crossed the O.D. of
reference track 154 and is moving across reference
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track 154 to produce level amplitude portion 162 of
waveform 160. At each step of motor 170, and for one
revolution of data storage medium 86, microprocessor
180 receives 8 sector signals via sensor 190 at its inter-
rupt port to receive and store 8 data words from A/D
converter 210 identifying the amplitude F at 8 corre-
sponding circumferential locations of reference track
154. This sequence of stepping motor 170 and hence
head 28 across level portion 162 and collecting 8 data
words from A/D converter 210 at each step continues
as head 28 approaches the L.D. of reference track 154 to
produce sloping portion 164. If it is assumed that the
amplitude F is constant across level portion 162 at each
of the 8 circumferential locations, microprocessor 180
now identifies this as the reference track 154 and stores
the value F for each of these 8 circumferential locations
for later use. ‘ v

Then, under control of microprocessor 180 and con-
trol circuit 232, head 28 is microstepped to produce
sloping portion 164 and at each step the above-
described sequence of obtaining 8 amplitude values or
data words of the amplitude of waveform 160 is per-
formed. Assume now, for example, that head 28 is at a
position along portion 164 such that all 8 amplitude
values are within the range <0.8F and > a value 5, i.e,,
the amplitude of the frequency signal along 8 circumfer-
ential positions is within this range. The value 5 repre-
sents a noise factor so that if an amplitude is detected
that is equal to or less than this value, a reclamping
occurs of diskette 18 on spindle 22, as will be described
in connection with FIGS. 15-17. Also assume that data
storage medium 86 is not rotating eccentrically and that
if there is expansion or contraction it is uniform about
the circumference. Finally, also assume that the value
0.5F corresponds to an absolue reference position RP
for subsequently accurately locating the data tracks
To-Tis3.

Accordingly, at the present position of head 28 along
portion 164, there are amplitude ratii ro-r7 at the 8 cor-
responding circumferential points on track 154 that are
identical, these ratii being calculated by microprocessor
180 and equal to the amplitude along portion 164 di-
vided by the previously determined amplitude F of
level portion 162 at the 8 circumferential positions.
Microprocessor 180 can then calculate the offset of
head 28 at the 8 circumferential positions corresponding
to ro-r7 from the absolute reference position corre-
sponding to 0.5F. Moreover, a single count N presently
in counter 228 for these 8 sectors identifies the present
position of head 28.

More particularly, assume that the abovementioned
offset of the position of head 28 from 0.5F corresponds
to a distance equal to a count of 1 counted by counter
228. Microprocessor 180 then can calculate the position
of data track To (the outer data track), since it is prede-
termined that this track Tg is 20 pips or scale lines 176
from the reference position RP of 0.5F. That is, micro-
processor 180, having the count N, can then subtract 1
due to the offset and then subtract 20 to store the num-
ber representing the position of track Tg relative to this
reference position RP. Thereafter, microprocessor 180,
in the manner previously described, can drive head 28
in the inward direction with scale 174 crossing sensor
218. When counter 228 has counted down 21 pips, 1 pip
for the offset and 20 pips for the spacing between the
reference position RP and the separation distance to
track To, the count in’ counter 228 equals the number
calculated by microprocessor 180. Microprocessor 180
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can now stop the head 28, which will be centered on
data track To. This, it can now be appreciated, is be-
cause sensor 174 and scale 176 have expanded or con-
tracted the same amount as data storage medium 86.
That is, there always are 20 pips between the reference
position RP of reference track 154 and data track Ty,
though the spacing between pips will increase or de-
crease, as will the spacing between these two tracks,
with expansion or contraction. Note also that there will
always be 10 pips between the centerlines of adjacent
data tracks To-Tisa.

A number of other factors can now be appreciated.
The offset for each of the 8 sectors when count N oc-
curs is individually determined. Thus, if the rotation of
medium 86 is slightly eccentric, different offset values
are calculated and stored for the 8 sectors. As the me-
dium rotates, microprocessor 180 will move head 28 in
accordance with the count in counter 228 to cause head
28 to follow the eccentricity of track Tp. Also, head 28
can be aligned with any other data track T1-Tis3 by
moving carriage 26 until counter 228 has counted down
by 10 for each data track to be crossed in seeking a new
data track. A similar procedure occurs when moving
head 28 from an inner data track to an outer data track,
except counter 228 now counts up by 10 for each data
track that is crossed.

The data storage medium 86 has been described as
including data tracks To-Tis3 as well as reference track
154. The position control circuit 166 has been described
as functioning to move and align recording head 228
over any one of the data tracks To-T)s3 relative to the
reference track 154. However, it will be appreciated
that the principles of this alignment technique can be
employed with other disk drives in which, for example,
there are a plurality of hard disks aligned on a spindle
and a plurality of aligned recording heads for eéach of
the disks. One of the disks can be a reference or servo
disk having only the reference track 154, with the other
disks having only the data tracks To-T153. The position
control circuit 166 with the recording head 28 can be
used exclusively with the reference disk. As the record-
ing head 28 is moved to positions relative to the refer-
ence track 154, the other recording heads will become
aligned with their corresponding data tracks To-Tis3.
This assumes all of the disks on the spindle will expand
and contract, and rotate eccentrically, if at all, to the
same degree. Further, the position control circuit 166
can be used in connection with disks or diskettes having
data track densities other than that indicated for me-
dium 86.

FIG. 15 illustrates a disk clamp mechanism 244 that is
used to clamp a diskette 18 onto spindle 22. Disk clamp
mechanism 244 includes a clamp arm 246 that is pivot-
ally mounted on base 14 at 248 and a disk clamp 245 that
extends over spindle 22. Clamp arm 246 carries a cam
250 having a slanted cam surface 252 and a straight cam
surface 254 on which cam follower 148, which is con-
nected to pick head carriage 96 (see also FIG. 8), can
ride. A spring 256 biases clamp arm 246 and, hence, disk
clamp 245, to an upper or unclamped position, as shown
in FIG. 16.

FIG. 16 shows the disk clamp mechanism 244 and the
cam follower 148 when pick head 92 is moving in a
direction towards the operative position. Then, as pick
head 92 approaches the operative position, cam fol-
lower 148 rides along cam surface 252 to bias clamp arm
246 and disk clamp 245 downwardly against the bias of
spring 256. As clamp follower 148 approaches the top
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of cam surface 252, diskette 18 becomes clamped on
spindle 22. As pick head 92 continues moving beyond
the operative position, cam follower 148 moves onto
surface 254 to continue this disk clamping action, as
shown in FIG. 17.

As previously mentioned in connection with position
control circuit 166, the amplitude of waveform 160
being detected along portion 164 may not fall within the
range <0.8F and > the value 5. This may be due to a
relatively large misclamping of diskette 18 on spindle
22, resulting in a relatively large eccentric rotation. If
this occurs, microprocessor 180, under program con-
trol, energizes motor 142 to move carriage 96, pick head
92 and cam follower 148 from the FIG. 17 position back
towards a position at which cam follower 148 has par-
tially moved down surface 252, but depending member
147 has not yet contacted surface 150 of diskette 18.
Then, microprocessor 180 energizes motor 142 to move
carriage 96, pick head 92 and cam follower 148 back to
the FIG. 17 position. This action, it can be appreciated,
will unclamp and then reclamp diskette 18 onto spindle
22, If this results in substantially accurate clamping of
the diskette 18 on spindle 22 such that the above-men-
tioned amplitude range is satisfied after additional cal-
culations by microprocessor 180, then no further re-
clamping action is performed. Otherwise, the reclamp-
ing action continues at least several times until such an
amplitude range is satisfied.

As also previously mentioned, and with reference to
FIG. 8, when head 92 is moved to retrieve a diskette 18
from disk pack 42, cam follower 104 moves over and
beyond incline 118 and incline 120 of cam surface 116.
However, when pick head 92 is moved to return a dis-
kette 18, cam follower 104 moves only as far as, or onto,
incline 118. Thic control of the movement or position-
ing of cam follower 104 occurs in the following manner.

Carriage 96 carries the flage 1492 which moves into
the optical sensor 1495. This is the “home” position of
carriage 96, at which cam follower 104 is on the incline
118. When retrieving a diskette 18, under program con-
trol, microprocessor 180 energizes motor 142 to drive
carriage 96 to its “home” position and this is sensed by
microprocessor 180 via sensor 1495. Thus, microproces-
sor 180 knows where carriage 96 and pick head 92 are.
Then, under program control, microprocessor 180
drives head 92 further towards the retrievable position.
When the head 92 is then driven with diskette 18
towards the operative position, flag 149a is removed
from optical sensor 1495 so that again microprocessor
180 knows the position of head 92. Thereafter, when
head 92 pushes on diskette 18 to return it to disk pack
42, flag 149q again is moved into optical sensor 1495 at
the “home” position at which cam follower 104 is on
incline 118. Microprocessor 180, therefore, again knows
of the position of carriage 96 and deenergizes motor 142
to stop further movement of head 92. The previously
described detent 52 then draws diskette 18 into disk
pack 42.

Similarly, when retrieving a diskette 18, the box 16,
under program control, is moved to its home position at
which flag 41a is moved into optical sensor 415. This
“home” position is the position where one of the
grooves 60, for example, groove 60-1, is in the retriev-
able position. Microprocessor 180 thus knows the posi-
tion of box 16. Then, under program control, motor 80
can be energized by microprocessor 180 to drive box 16
to position a desired groove 60 in the retrievable posi-
tion in anticipation of retrieving a selected diskette 18.
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While not shown, there also can be included as part of
the disk drive 12 a similar flag and optical sensor to

inform the microprocessor 180 when door 38 is opened

and closed. If, for example, the door 38 is opned when
a diskette 18 is in the operative position on spindle 22,
microprocessor 180, under program control, can actu-
ate picker mechanism 20 to drive diskette 18 back into
disk pack 42 in the retrievable position.

Computer program listings for an 8080 microproces-
sor for performing the above-described functions are
included as part of the specification at the end of the
description and before the claims. A description of the
title and general content of the listings is given below.

1. Command Input For PICPAC—This program
implements the procedure for pivoting box 16 to bring
a selected diskette into the retrievable position and for
moving the selected diskette between the retrievable
position and the operative position. It brings the above-
described components into the “home” positions and
controls the clamping and reclamping of the diskette to
reduce or eliminate eccentric rotation.

2. Position Control Module—This program imple-
ments the procedure for compensating for expansion,
contraction and eccentric rotation of the data storage
medium 86 when moving the head 28, but assumes that
amplitude F of level portion 162 is constant at each of
the 8 circumferential locations along reference track
154.

To summarize the overall operation of disk drive 10,
a disk pack 42 is loaded into tray 32 with the plurality of
diskettes 18. Under software control, microprocessor
180 controls the pivoting of box 16 to move a selected
one of the diskettes 18 into the retrievable position.

20

30
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Then, picker mechanism 20, under software control, is
actuated to pick the one diskette 18 from the retrievable
position, move it into the operative position, and clamp
it or reclamp it on spindle 22. Then, under software
control, spindle 22 is driven to rotate the data storage
medium 86 and position control device 24 is actuated to
seck and accurately follow the data track To-Tis3,
whether or not the medium 86 expands, contracts or
rotates slightly eccentrically. After using the selected
diskette 18, picker mechanism 20, under software con-
trol, moves the diskette 18 from the operative position
to the retrievable position in anticipation of the selec-
tion of another diskette 18.

In addition to the advantages specifically described
or indicated above, the picker mechanism 20 uses only
a single motor 142 to move and clamp a selected dis-

- kette 18 on spindle 22. The process of picking a selected

diskette 18 from the retrievable position, unclamping it
from the picker mechanism 20 at the operative position,
clamping the diskette 18 on spindle 22, unclamping the
diskette 18 from spindle 22, and returning the diskette
18 to the retrievable position in disk pack 42 is synchro-
nized by means of a mechanical picker mechanism 20
that requires only the one motor 142 to drive carriage
96. Furthermore, pick head 92 is not driven onto the
edge 150 of diskette 18, but clamps the diskette 18
through slot 88 without causing wear or other damage
to the jacket 84 and data storage medium 86. Nor does
the pick head 92 hold the diskette 18 by friction.

Other aspects, objects and advantages of the inven-
tion can be obtained from a study of the drawings, the
disclosure and the appended claims.

ORG L
SCOMMAND TNPUT FOR PICPAL
/29781
FDICK
!
RCE  EQU AW
R £ ODH
LF £ OH
EISk  EQU  QFAEGH
ROG  EQU  700H
1
1
HEXTCH: “
W Dol JCONSOLE TN COMMAND
CALL M iCALL T0 BI0S
ot
W1 Cr2 FCON QUTFUT COMMAND
CALL S ;3105 ENTRY POINT
, KET
!
LINEIN: .
W1 CoRCH FSET_READ BUFF CONMAND
LXT D, KBDBUF PH=KB BUFF
CALL  5H 50 10 K105 ENTRY POINT
LDA  KBUBUF2 FGET COHMAND
T X IREAPEAT LOBNAND 2
Kz iYES R
STA  SAVPTR XD SAUE Lo
L0A  KBUBUF+1 NE Y OF DUARACTERS TN COMMAND
STA  SAVPTR AT SAVPTR
‘ RET
?
GETCH:
RA A iCLR A |
LXI  HKBOBUF+1  iPOINT T0 & OF CHARACTERS IN BUFFER
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CHP N 1NONE ?
JI RETEND iRIGHT RETURN ZEkO
ICk H iMORE CHARACTERS DECREHENT CHAR COUNT
LHLD  KBDPTR tH POINT TC CHAR IN BUFF
NOY AN JOET CHARACTER
INX H iPOINT TO NEXT CHARACTER
SHLD  KBDPTR JSAVE T
. RET :CHﬁRﬁCTER IN A
}
RETEND: , i
Ll H/NBDBUF +2 JINITIALIZE KBD BUFF PTR
SHLD  KBOFTR 1SAVE TT
_ RET ‘
!
ikeset cnaracter buffer for rereat comnand.
!
REPEAT:
LDaA SAVEPTR 1Get & of characters in command
514 NBDBUF +1 tPut 1t in buffer
LDA SAYEPTRL ibet previous cosrand
STA KBUBUF+2 1Put 1t ia buffer
CALL RETEND tkeset kesbpard porinter
. RET
)
100 COMMAND UNTIL £k KEY
)
[IOFE:
KY1 Cs0BH
CaLL 005
(OkA A
Jz REPEAT
) JKP GETHORE
!
PRTHSD:
HOY A iGET CHAR FOR FRINT
CPI 'x!
JRETUKN ON # CHAK
HOU E1A JEUT CHAR IN E FOR SENDING
PUSH  H JSAVE STRING PTR
CALL  CONOUT 1PRINT IT _
oF H JRESTORE STR PTR
INX H fPOINT TO NEXT CHAR
. JHP PRTHSG
H
STAKT: i
LXI 3F+LO0H
CALL  D$SELEDY 1DISABLE PIC
M1 #:Pal
CALL  D$SELECT
LXI 0,0 1SET STEF TABLE PTR TO 0
CALtL  SET#STF 1INIT PHASE BITS IN PORT
CALL  HOMES$PIC
CALL STORESDISC
i CALL  HOMES$PAC
7
LX] H INFEMT fPOINT TO INPUT PROMFT
CALL  PRTMSG 10UTPUT STRING
NEXT: LaLL  LINEIN JGET LINE FROM CUNSOLE
g HeNEXT
PUSH H
CALL  GETCH iGET CHARACTER FROM BUFFER
ORA A i iNO MORE CHARACTERS IN BUFF GET NEW COM
) GC T$HORE JHAND FROM BUFFER
cp1 !
A2 pISC
cpl 'y
JZ HOME
CPi y!
2 REPEAT
CPI 'R?
12 DOFE
CFI !

J ROG



i
DISC:

HOHE :

1
GETSHORE:
PO
CALL
;
BAD:
AT
CALL
o
!

INPRNT: B
!

KBUPTR: DN
SAVPTR: N

BAUSCHD:
KBUBUF: DB
REST DS
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' !

bAD

2ET$CH
OET$MORE
B:0

BTy

GOsDISC
£

3L
GO$DISC
C

)2!
GUsDISC
L

13’
GOSDISC
C

141
GO$015C
m
GET$DISC
'0'
STORE$DIST
’Rl

RECLMP
bAb

gETSCH
OETSHORE
IPI
HOKE$FIC
iBI

HOME$PAC
BAD

H
RETEND
Logp

H) BAISCHD
FRINSG
GET$HOKE

CRoLF,*TYPE COMMAND’ (CRoLFo'#’

KBDBUF+2 iKEYBUARD BUFFER POINTER
0 iBUFFER FOR & OF CHARS IN COMMAND

)] OAHsODH: 'BAD COMHAND STRING, RETYPE’ OAH,OQDH, '/}

OFFH  FKEYBOARD BUFFER GOES FROM HERE
OFEH iFOR 256 BYTES

jPag and pic routines

11/2
ibick
?ver 1.0
!

!

PORT$B2 EQU
PORT$BY EQU
INPL  EOU
PORT$A2 EQU
PORTS1$CONT
PACSENBL

EQU 0E7H
QU O0DH

18
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PACSDIS EQY OCH
}
PIC$RATE ] 20
LOADSRATE EQU 7
CLMP$RATE EQY 20
STRTSUNSCLMF$RATE £Qu 80
UNSCLHPSRATE EQU 20
3TRT$UN$CLHP$STPS £Qu 3
L
PACSKATE EQU 3
STRT$PACSRATE  EQU 12
5TRT$PAC$STPS £Qu 3
}
PIC$POS EQU 0
DELTA  EQU 12
PIC$HOHSPOS EQu DELTA
NENSPIC$POS £QU DELTA+4
DISC$INSPAC EQU DELTA-2
REL$POS EQU DELTA+100
CLMP$POS EQU DELTA+135
NOSCLMP$POS EQU JELTA+11S
PIC$SENSOR Eauy 04H
FAC$SENSOR EQu 024
PIC EQU 0
PAC EQu i
)
FIXDLY EQu 040H
?
FRD EQU 1
EEU EQU 0
]
QFFSSET EQU 18
}
iGet sensors from data buss.
?
BET‘SENSD?S:

?N PORT$B2

PUSH A

ANI INPL

auT PURT$B2

IN FORT$B

MOV B4

POP A

out PORT$B2

MOV A:B

£l
) RET
!
{Hoves ricker head out rast hoxe sensor
1]
GOsOUT:

STA FRDSREY

LDA DLY$ANT

STh THP

#vi1 ArPICSRATE

514 DLYSANT

LXI B4

CALL H$LOOP

LDA THP

STA DLY$ANT
) RET
!
iDelau 2 wsec for each count 1n DLYSANT.
!
DELAY:

FUSH B

LDA STRT$SLOK

OrA A

Lo STRT$DLY$AKT

N OLYLF

LDA DLY$AMT
BLYLP: MUI B FIXDLY
BLOOP: DCK B

4,453,188
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JHZ BLOOF
OCK A
JNL LYLP
POP B
RET

;Sters.selgcted sotor one step frow current rosition
iin D in direction set by FRD$REV.

SNDSSTP
LDA

FHD$REV
JRA A
DEX D
JI SET$STP
INX D
INX D
SET$STP:
LXI HiSTP$TBL
HOV Ark
ANL 03H
ADD L
HOV LA
JNC 55
INK H
§6:. DI
IN PORT$A2
ANI 09FH
ORA N
ggT PORT$A2
CALL  DELAY
. RET
!
{Step selected device from CURSPOS to new position in D,
H
CHPLSH:
MoV Al
CHA
MOV L:A
HOv Al
CHA :
MOy H.A
. RET
H
iresets start delay if we have gone STRTSTPS sters.
14
STARTSUELAY:
LXI H,SIRTSSTPS
LDA STRTSCTR
INR A
STA STRT$CTR
CHP M
RNZ
XR4 A
STA STRT$SLOK
. RET
!
STEPSIT:
LHLD  CURSPOS
CALL  CHPLS$H
DAD D
JNC 510
MVl AsFHD
INX H
JHP 511
§T0:  CALL  CHPLSAH
V1 ArREV
ST1: ST4 FHDSREV
HOV

biH
HOY C:L i¥ of steps to new position in B$C
LHLD  CUR$POS

A
§1A STRT$CTR



H$LODP

LsLOOF:

Les Jz

SEEXIT:

R
iSelects PAC
SELECT:

OK: Hav

SEL$PAC:

23

ArB

A
L3Loagp
27RT$SLBH

STARTSLELAY
%ND$STP

H$LOOF

AC

4

S$EXIT
2TRT$SLON
STARTSDELAY
gNU‘STP
LLF

CURSPOS

sotor if B=1,PIC motor if B=0.

SICSPAC
CUR$FOS

1]
THP$POS
CUR$POS

THP$POS
SET$STP

Arh
21C$PAC

SEL$FAC
PORT$A2
07FH

PORT#AZ

AsPACSENBL
PORT$1$CONT
AsFACSRATE
DLY$ANT

i
ibisable selected motor.

DSSELECT

T
D$SEL$PAC:
HvI

out
El
RET

PIC$PAC
A

D$SEL$PAC
PORT$A2
B0H
POKT$A2

AsPACSDIS
PORT$1$CONT

4,453,188
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ibelect PIC wotor and nome it,
HOMESPIC:
B,PIC

MVl

CALL  SELECT

M1 AsPICSRATE

STA DLY$ANT
iHowe without selecting

PCHHOME )
CALL  GETSSENSORS
AN PICSSENSOR
0T AR
(N7 GOsauT
WI  AREV
STA  FHDSKEV
HSPICL: )
CALL  GETSSENSORS

ANI PIC$SENSOR
STPR
HVI A, 03H

ANA E
. JZ H$EXT
STPR:  CALL  SNDS$STP
JHP HSPICSL
HEEXT:  LXI H,PICSHONSPOS
SHLD  CUR$POS
XCHG
CALL  DSSELECT
. RET
H
ibet the disc froe pacs move it in to drive and clame it
)
GET$DISC:
M1 ArPICSRATE
STh ANT

HVI A:CLMPSRATE
5TA DLY$ANT

LXI 0, CLMP$POS
CALL  STEP$IY
CALL  DSSELECT

RET
i
iPut disc back in pacs move picker to index pac position
STORESDISE:

WI  BPIC

CALL  SELECT

WI  AsOFFH

STRT$SLON
M1 A1 STRTSUNSCLMFSRATE
ala STRTSDLYS$AHT
W1 A1 STRTSUNSCLMP$STPS
574 STRT$STPS
MU AJUNSCLMPSRATE

STA DLY$ANT

LXI D, NOSCLAP$POS
CALL  STEPSIT

W1 A LOADSRATE
STA DLY$AMT

CALL  PICSHOME

LECT
LXI  DsDISCSINSPAC
W1 APICSRATE
STA DLISANT

CALL  STEPSIT

I A/LOADSRATE
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574 DLY$ANT
LXI D NEWSPIC$POS
CALL  STEPS$IT
CALL  D#SELECT
RET

i
ireclame the disc in the drive
RECLMP:

HV1

B,PIC
LALL  SELECT
HVI A OFFH

Wl A STRTSUNSCLMPSRATE
3TA STRTSDLY$ANT

W1 A STRTSUNSCLMP$STPS
574 STRT$STPS

VI A£UN$CLHP$RRTE

STA  DLYSAMT
LXI [/NOSCLMP$FOS
CaLL  STEPSIT
il AsCLMPSRATE
GTA DLYS$AHT
LKI [, CLMP$FOS
CALL  STEPSIT
CALL  D$SELECT
‘ RET
H
iHose the pac motor
!
HOME$FAC:
V1 B/PAC
CALL  SELECT
Wi ArREY
STA  FRDSREV
H$PACSL:
CALL  GET$GENSORS
ANI PAC$SENSOR
z STPB
i A; 03H
AdAE

) £XTH
STPB:  CAlL  SETSSLOM
CALL  SNDSSIF
JHP HsPACSL

EXTh:
LXI Hed)
SHLD  CuRsPOS
LHLD  DISCSTBL
XCHG
CALL SET$SLOW
CALL  STEPSIT
CALL  D$SELECT
) RET
)
ibo to disk specified 1n BSC
!
HO$DISC:
HOY Arl
RLC
HOY LA
PUSH B
WVl B:PAC
CALL  SELECT
POP B
LXI HsDISCSTBL
BAD B
HOv E:H
INX H
Hov DA

CALL  SET$SLOW
CALL  STEPS$IT
CALL  DSSELECT

28
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iSET UP FOR SLON START OF PAC.

!
SET$SLOMN:

W1 ArOFFH
5TA STRT$2LON
HVI A STRTSPACSRATE
STA STRTSDLY$ANT
Wi A1 STRTSFACSSTPS
STA STRT$STPS

RET
!
DISCSTHL: [N OFF$SET, 116+0FF$SET, 237+0FF $SET
0N JS0+QFF$SET, 472¢0FF4SET :
THP$POS: DN 0
CURS$POS: D 0
THP Db 0
STP$THL: DB 60H,40H,0, 20H
DLY$ANT DB 2
FROSKEV: DB FRD
PIC$PAC: DB PIC
SIRT$GIPS: DB N)
STRT$CTR: DB 0
STRT$SLON DB 0
STRTSDLYSAMT DB J

!
END
LEtﬁ H%%ibglan control nodule 02,02 DML 3/24/817

i.This code iwelenents the position control functions required tn
i the Aslun drive. It is called from the PL/I code.

PUBLIC BELTAPOS: BUPUb: CURPOS, ROMEHD

PUBLIC GOSNEWSPQS, THERE?, PUTSNEWPQS

EXTRN  DELAY, GETBPB, PUTBPE, PUTBPC, RDDKY, RDPOS
HAXUSTEF QU 3 132 logical sicrosters = one nalf-step
STEPHASK EQU 7 iMask for valid ster nuabers
i1 Paraseters for the wicro-steering routine
D RBIT U iliraction = inyards _

EQu BIT12  iWe’re at 3 half-ster position
FSBIT £au BIT3  iWe’re at a full-step rosition
1 WARNING: Disk derendent Paraneters
TRACK$SIZE - EQU 10 . :Nunnnal number of unxts per track
SETTLES$SIZE €0y 3 11f we're this closer we wait
uSTEPSDLY £Q 300 iDelay after each micro-ster
uSTEPSSETTLE  EQU 3225 /3a§ at end of a move
STEPSTIME EQu 3225 :Dil?uo;grgaeter for IaS
3

SETTLESTIME EQU 3127647  iFull head-settling tiwe
i DELTAPOS is called from PL/T with 3 16-bit ardument seecifying
I E?Kpagnber of units that the drive is to move,

iPick ur the arsusent

XCHG

DEAHL

NOINT L
%2%D gEHPOS ifdd the arsusent to NEHPDS
SHLD  NEWPDS jand ake it the new rosition

RSTINT

CALL  GOSNEWSPOS iPerform the move
' 60205 noves the head to an absolute position.

" pEaKL iGet the arcusent

XCHB

DERHL

XCHG finto HAL

SHLD  NEWPOS ‘ ‘

Cé%L GOSNEWSPOS . ‘Move it
i CURPOS returns the current position to 3 PL/I prodranm.
1 PUTSNEWPOS siwply takes 3 new PDSltnon in HeL and ioads
éuéﬁ into NEWPOS.

iH
CALL  RDPDS iketurn POSCTR to PL/I
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AL iIn case they’re only looking

RET iat the lover 8 Dits
PUTSNENPOS

EELD NENPOS iStore it off
i GOSNENSPOS is calied to move the head until POSCTR equals
7 NENPOS,
GOSNENSPOS:

CALL  DOSNENSPOS iMove the head

LXI H uSTEPSSETTLE iWait for it to Jdame

CALL  DELAY ‘

CA%L DOSNEN$PUS tand aake sure it’s there

RE
DOSNEWSPOS rerforws s move of the head to bring POSCTR into
conformance with NENFOS. It has two stades., If the distance
to be moved is at least a full ster, it will sove the head to
the nearest full ster in the desired direction and then keee
soving the head in full sters until the remaining distance is
less than a full stee. When the distance is less than 2 full
ster, the head will be micro-sterped in the desired direction
until i1t arrives at the desired position. Note that the distance
to be moved 15 re-calculated each time throush one of the loors,
This allows an interrurt routine to modify NENPOS durind execution
of the routine with the erorer response,

N L TE T T PO

DOSNEWS$PQS :
CALL  CALCDST sCalculate distance to be moved
RC vExnt if the distance is zero
SAVRED iSave a cory of the distance
h%% B:-(TRQCKSbIZE*l) :Are we at least a full ster away?
JC Fster iYes, Go full-ster the head
CALL  uSTEF iNo. anro stes it
RGTREG H 1bet distance back adain
%gg g; (SETTLE$SIZE+1) ;Are we Close?

JC DOSNEMS$FOS tNo. Go do 1t adain
LXI HruSTEPSDLY tYes. Let it slow down

CALL  DELAY
Jnp DOSNENSFOS
Fster: KSTREG H iClean up the stack
CALL  GOFSTEP 160 to nearest full ster in desired dlrectnon
LXI H:STEPSTIHE iLet it settie
CNC DEL iif 3 wove occurred
Fsloor: CALL CALCDS iCan we take another full stes?
h‘% Dv (TRACk$SIZE+1)
JNC DO$N€H$PDS iNo. Go wicro-ster
CALL  STEP iYes. Go stee the head
LXI H,STEPSTINE iand let it settie
CALL  DELAY
JNP Fslooe

i GOFSTEF moves the head to the nearest full-ster rosition in the
i direction indicated by DIRECT. If the head is 3lready at a full-
i ster rosition, it returns with the carry-bit set.

GOFSTEP:
LD4& CURUSTEP jhre we there already?
CFI MAXUSTEP
S1C iAssume we are
JI Gofret 1Yes, Do nothing
LDA DIRECT iSter incresent is two if DIRECT
ANI 2 1is outward: and zero otherwise
Hov Crh i%ave it
LXI H:CURSTEP 1-1 if ster is odd
Moy AN )
RAR 1Get LSH of ster into carry
MOV 4L .
SkI 0 jand subtract the carry from the incresent
ADD N 1Add it to tne ster
AN] STEPHASK iheer the ster in rande
HOV MR iSave it off
CALL  DOSTEF rand syt it out to the hardware

[ A HAXUSTEP 1Set CURUSTEP to the full-ster rosition
STA CURUSTEP i

Wi A;COUNTERIMODE #Tell the hardware

auTt COUNTERCONTROL
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DA uSTEPSTBLMAXUSTEP
%T goumem

A
bofrets RET
CALCDST calculates the remaining distance and leaves it
in H&L. In addition, 1t sets DIRECT aeeroeriately if the distance
is non-zero and returns with the carry bit set if it is zern.
THERE? compares the current position with NENPOSs returning with
) the carry bit clear if they are equal: and set if they aren’t.

iClear the carry bit

P

CALCDST: N
ggh% ROPOS 1bet current rosition
LHLD  NEWPOS 16et desired position
HOY Arl iHL = HL-DE
SUB £
Hov Lidk
KOV Aol
SBB D
“HOV RIT ' _ .
ORA L tDon’t chanse DIRECT f distance is zero
J2 Clcret ibut return with the carry bit set
ggv A iLoad DIRECT from sidn of result
L ,
SBH A ,
STA DIRECT .
JZ Posdst iFore absolute value
NEGHL . A
Posdst: STC iketurn with the carry bit clear
Clcret: CHC
RET
THERE?: .
%hé RDPOS jLoad ue current position 3nd NEWPOS
LHLD  NENPOS .
ggg é:L 1Subtract’ thea
My LA iMe oniy need to save the lower byte
HOV Al ,
5B D
ORA L 184=0 If result is zero
ADI -1 1If result is zeror return with carry clear

KET
i USTEF nicro-stees the head by one in a direction determined ,
i by DIRECT, (DIRECT = 0 moves the head outwards DIRECT = -1 moves it
i in.) It is table drivens snd the index into the table 1s

f defined as follows:
1] .
i Bit 9 -- Current ster is odd
g Bit 1 -- Direction is inward
P Bits 2 3and 4 -
i 900 - Norual |
i 001 ~- CURUSTEP = 0 (Half-ster if ster is odd)
i 010 -- CURUSTEP = 1 (Half-ster if step is even)
i 011 -~ CURUSTEP = MAXuSTEP-1 (Full-ster if ster is odd)
;STEP 100 -~ CURUSTEF = MAXuSTEP (Full-ster if sier is even)
uSTEP:
LXI HiCURUSTEF iPick ur the current micro-stee
HOV £l sFora an index out of it
M1 Dsd)
HOY CiE iSave it for later
héé g:uSTEPSCLASS iGet bjts 2r 3 and 4
MOy EM jof the table index
LD4 DIRECT iAdd bit 1 fron the direction
ANI DIKBIT
ORA E Mix it in
MoV E/A jand save it
LDA CURSTEP iNow bit 0 frou LSB of CURSTEP
MOV jBut save it first
ANI BITO
ORA £ iAnd do the mix

Hov B 1Back to fora the index



35

LI H/STEPSINC

iAD b

1Y Ark

Ok A

Ml Nostep

ADD B

ANT STEPHASK

574 CURSTEP

SAVREG (B

CALL DGSTEP

RSTREG (D:B)
Nostepi LXI HiuSTEP$INC

DAD D

HOY A

ALD L

STA CukuSTEF

4,453,188

iSee if there’s s ster change

iThere tsn’t
1There is.
tKeer it in range
iSave it off

jand put it out to the hardware

iNow add in the micro-ster chanse

1and save the resuit

Add it to the saved ster value

36

HOV Esf iTranslate fronm logical to ehysical

M1 A, COUNTERIMODE jBut first set ue the counter

outT COUNTERCONTROL

LY] HruSTERPTBL

IAD D ,

HoY Ard ibet the phusical value

gg{ COUNTERIL tPut it out to the counter
uSTEPSCLASS:

DB Q04H

i} Q08K

REPT 28

DB )

ENDH

B 00CH

I} 010H
STEF$INC:

DB 0r Ur Gr O iNerther half-ster nor full-ster

DB 0, -1y 1 0 CURUSTEP = 0

)] 0, 0r 1, O JCURUSTEF =1

1) 0, 0 0, 1 JCURUSTEP = MAXuSTEP-1

] -1y 0r 0+ 1 JCURUSTEP = HAXuSTEF
uSTEP$INC

B iy -1, -1+ 1 iNormsl

0] y 1y 1y 1 JCURUSTER = 0

DB 1r =1y -ts 1 JCURUSTEP =

B 1r -1y -1y 1 JCURUSTER = MAXuSTER-1

1) -1 -1y -1y -1 iCURUSTEP = MAXuSTEP
uSTEP$TBL:

B Lr S 9 13 15 1 19 A

0B 25 272, 29 My 3 3N WY

bB 19, 42, 45, 48, 51y 54, 574 61

DB 5) 69 73y 77: B2 87 93: 100

i STEP moves the head by one full ster in the direction deterwined
i by DIRECT. Note that it is the resronsibility of the calling

i routine to wait an arpropriate lendth of tiwe before truing

éTEg xove the head again.

M1 £,-2 iAssuke DIRECT = 0 and set increment

532 DIRECT iTest the assumption
JP btPout tRidnt. Leave (t alone
HV1 iWrong, Chande it
Strout: kgg EURSTEP jhlter the current step
AN STEFMASK theer it in range
STa CURSTEF ‘
CQ%L DOSTER iReflect it in the hardware

R
i DOSTEF takes a logical ster position 1n the accumulator,
i ﬁragslates it to a ehusical valuer and puts it out to the
i hardware,

DGSTEFR: )
MOV Eif tMake of the value 8 table index
MVI 0 _
LXI HeSTEPTHL iPerfore the transiation
DA D
Hav Al

CALL  PUTEPC jluteut it
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DB 4600307151100 fTranslation table -- logical

ito physical

j HOMEHRD puts the head :nto the position from which to start

look.ingd for the guter serve track.

It first woves the .

: head outward to the nearest full-step position.. -
i It then sters outward in full steps until
éﬂﬁgﬁndrzve track zero sensor is true and CURSTEP is 0.

KA A

STA DIRECT

CALL  GOFSTEP

LX] HiSTEPSTINE

LNC DELAY
KDDKV

Fulste: EALL

INZ fostep
LDA gURSTEP

ORA

J7 Hdhowe
foster: CALL  STEP

LX] HiSTEPSTINE

CALL  DELAY

JHp Fulste
Hahowe! LX] H/SETTLESTIME

CalL  DELAY

CALL  GETHPB

SAVREG PSHW

ORI CLRPOS

ALL  PUTEPE

RSTREG PSH

CALL  PUTBPB

LXT He

SHLD  NEWPOS

RET

DSEG
NEWFOS: DN 0
DIRECT: DB 0
CURSTEP:

DB - 0
CURuSTEP:

DB MAXuSTEF

END

TITLE

HACLIB MA

[

iSet ster direction

1to outward

ibo to the nearest full step
1and fet it settle

1if we moved

iTrack zero sensor set?

fo wove the head
fAre we at step 07

iNo.
Yes,

iYes. Ne’re done

iNot yet, . Ster out and try adain
iHait for it to settle

tlet it quiet down

iClear the position counter

rand NEWPOS

“iFosition. to which to move

iDirection” of desired move
i0 = outwards -1 = invard

iCurrent stee

iCurrent micro-stee

’Sgsagnt Module V00.07 DHL 3/11/81

This wodule contains the code having to Jo with index
rulses and sedment tnterruets,
interrupt handler and the routines which finds start,
interruets and stor index pulses,

It contains the sedment

PUBLIC - SEGINT, CURSEG, STOPIP, STRTIF, INTIP, SYNCIP

EXTRN
SYNCSFINU
INDEX 2
SEGMENT 3] 4
SEGHASK EQU
INDX$TIHE £ou

OFf
8400
i GEGINT 15 the sesment interrurt code,

SEGFSM) GETBPA: PUTBPA, STRTCK. STOPCK
tates, Used Eaulndecgs into a tables so..increrent by two,

itlask for valid seswent numbers
iTimer count to seerate index pulses

It saintzins’

7 CURRENT$SEGMENT: calls the Sesment Finite State Machine
i tf aeeropriates and controls the eassing throush of
i the index pulses to the controller. .

SEGINT:

El
SAVREG  (PSHsB.D.H)
LXI DsSTATESVEC

LHLD  STATE

IAD D

DEGHL

XCHG

CALLBHL )
RSIREG  (HoDsB/PSH)
RET

STATESVEC:
] GTSYNC

6o to the aeerorriate routine

ido it

iSYNCSFIND
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W poIe i INDEX
ONOTIF FSEGMENT

DN b
7 GTSYNC is the routine for the interrurt handler in
TS;“ESFIND state.
2

CALL  STOPCK iGet the time from the last rulse

JC Notsyn ilf the clock hasn’t been started vet

bzé g;—lNDXtTIHE iCheck the interval

JC Notsun 11t was long, This isn’t it

XRA A itureka. Set CU%RENTSSEGHENT to zero

STA CURRENT$SEGMENT

LAT H:SEGMENT iand the state to norsal

SHLD  STATE

JHP Gtsret itinish up and leave ] )
Notsun: CALL  STRTCK jkeset the timer and start it ue again

Gtsret: SNDEDI
KET

60?01? handles the interruet when this is an index rulse.

.
.

NOINT

CALL GETEPA jbate the eulses off from the controller
ANI NOT DRUSTATENA

CALL  PUTBPA

RSTINT _

LXI H . SEGMENT 1heset the state

SHLD  STATE

SNDEOI

RET

5oag¥?£!P nandles the interrurt when this 1s a normal sedsent interruet,
'LDA gURRENT‘SEGHENT iAdvance the segment counter
ANI SEGMASK ikeer it in range

STA CURKENT$SEGNENT ,
{2 INDEXSNELT 1If an index pulse is coming up

SNDEOI 1Altow the sesment routine to be interrurted
kﬁ? %??%ENT’SEGHENT t1f the current segment is even
4 SEGFSH 1Process 1t in the PL/I code

RET
+ INDEXSNEXT examines IPFLAG to see what to do about the uecoming index
? rulse. IPFLAG = -1 causes the index pulse to be rassed throush to
i the controller, IPFLAG = | causes the pulse to be locked out.
7 IPFLAG = 0 causes this one to be skieredr but succeeding ones
{ to be let throush.

NDEX$NEXT :
LX1 H1 iNDEX iChange the state
SHLD  STATE
hgz gPFLAG 1See what we’re susposed to do
JN Indxon i-1. Pass 1t on
INZ Inret 1l. Leave it locked out _
DCR ] 0. Idnore tnis one and reset the flas
5TA IPFLAG
- JMF Inret
Indaon: NOINT _
CALL  GETBPA itnable the index pulse back to the controiler
ORI [RYSTATENA
CALL  PUTHPA
RSTINT
Inret: RET

j These routines are alf PL/I callable. CURSEG returns the current
i sedsent nusber, STOPIP, SIRTIP, INTIF,» and SYNCIP stoer starts
i iQEEErUPtr and find the index pulses,

LDA CURKENT$SEGMENT

ggg A thivide 1t by two for Pu/l
NOY LA iPL7I wants it 1n both A and HL
M1 H)0
RET
STOPIF: _ _ »
nvl frl ilisable index pulses untit
STA IPFLAG 1STRTIP 15 called
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STRTIP! ‘
MV1 fs-1 iEnable index rulses
STa IPFLAG
RET
INTIP: ~ .
E?? I;rLAG i1f the index pulses are now enabled
JNZ Invid v ,
XkA A { 15tor Just the next one
. STA IPFLAG
Invid: RET
SYNCIP: _ _ _
LXI HrSYNC$FIND i5et the state to find the index
SHLD  STATE _ o ‘
Htsunc: LHLD  STATE 1and wait until it’s been found
Moy Al
g LON SYNCSFIND
JI Htsunc
RET
0SEG

STATE: DM YNCS$FIND 1State variabie for interrurt handier
CURRENTSSEGHENT ¢

5
0B 9
IFFLAG: DB 1

i{ng { P?lse lock flag
50 = Lock and enable next one
1-1 = Enable

END

/%

Segsent Finite State Machine DML V00.18 3/24/81

This file contains the state machine activated when there
is 3 seswent clock interrurt, It is extrewely simrle,
The machine has four states.

In the IDLE states it does nothing,

In the SERVO_READ stater it records one revolution’s worth
of servo inforsation and returns to the IDLE state.

In the TRACK_FOLLON state: it pulls a correction value
out of the CORRECTION tabie ands if it is different

from the current ones moves the head by the difference,
In the END_TRACK_FOLLOW states it moves the head back to
the rosition it was in when track-following started,

and sets the state to IDLE.

*/
SEGMENT_FINITE_STATE_MACHINE:
PROCEDURE §

!

ZINCLUDE *DEFINES,PLI' 5

JINCLUDE *DSKDEF.PLI";

IREPLACE

TOLE BY 1,

SERVO_READ BY 2,
TRACK_FOLLON BY 3,
END_TRACKFOLLON BY 4/

ECLARE

STRTE, END_SEGMEN

CURRENT_CORRECTION,

TOPTR POINTER,

CORRECTION (0:MAX_SEGMENT)

) STATIC, o :

STATE_VECTOR (4) ENTRY VARIABLE STATIC)

DECLARE
CURSEG ENTRY RETURNS (FIXED BINARY),
SELSRV ENTRY (FIXED BINARY),
GETAD ENTRY RETURNS (FIXED BINARY),
DELTAPOS ENTRY (FIXED BINARY):

NSF5M: /% Initialize the Sedment FSM ®/
PROCEDURE EXTERNAL!
STATE_VECTOR(IDLE) = DO_IDLE)
STATE_VECTOR(SERVO_READ) = DO_SERVO_READ)
STATE_VECTOR (TRACK_FOLLOR) = DO_TRACK_FOLLON:
STATE _VECTOR(END_TRACK_FOLLOR) = DO_ENDB_TRACK_FOLLOM;
STATE = IDLE)
END INSFSH:

GFSH: /% Segpent Finite State Machine #/
PROCEDURE EXTERNAL:
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CALL STATE_VECTOR(STATE) O
END SEGFSM;
GTSRVO: /% Read a track of servo data #/
PRUCEDURE (TRACK_DATA) EXTERNAL:
DECLAKRE .
TRACK_DATA (OsMAX_SEGHENT) FIXED/
TOPTR = ADUR(TRACK_DATA);
CALL SELSRV(F _OUTER)
STATE = SERVD_READ
END_SEGHENT = CURSEGO) §
[0 WHILE (STATE = SERYO.READ);
END3
END GTaRVD)
SET_CORRECTION:
PROCEDURE (NEW_CORRECTIONS) EXTERNAL;
DECLARE ‘ _
NEH_CORRECTIONS (0:MAX_SEGMENT) FIXED:
ECLARE

SED FIXED 7)
DO SEG = 0 TO MAX.SEGMENT:
0 CORRECTION(SEG) = NEN.CORRECTIONS(SEB) ;

EN

END SET_CORRECTION:
STARTTRACRFOLLOR:

PROCEDURE EXTERNAL;

ECLARE
SEG FIXED(Z) i
CURKENT .CORRECTION = 0;
STATE = TRACK.. rULLOH/
SEG = CURSEG()
EUD“HILE (SEG CURSEG()) }

END STARTTRACKFOLLOK:
STOPTRACKFOLLON:

PROCEDURE EXTERNAL

1F STS[E = TRACK_FOLLON THEN

" STATE = END_TRACK_FOLLOK;
0 SHILE (STATE = EN_TRACK.FOLLON)

END)
END bTUPTRAChFULLOH;
SET_SEGFSM_IDLE:
PROCEDURE EXTERNAL:
STATE = IDLE;
ENE SET_SEGFSM_IDLE}

PROCEDURE:

END DJ_IDLE}
DO_SERVO_READ:
PROCEDURE i
DECLAKE
TRACK_DATA (Q: HAX -SEGMENT) FIXED BASED (TDPTR):
TRACK_DATA(CURSEG()) = GETADQ)
IF CURSEG() =END_GEGHENT THEN
STATE = IOLE;
END DO_SEKVO_READj
DO_TRACK_FOLLOM:
PROCEDURE 7
DECLARE
(NEW_CORRECTION, DISTANCE) FIXEL;
NEK_CORRECTION = CORRECTION(CURSEG()) ;
DISTANCE = NEN_CORRECTION-CURKENT_CORRECTION:
IF DISTANCE ~= 0 THEN

" CALL DELTAFOS (DISTANCE) ;
CURRENT_CORRECTION = NEH_CORKECTION

END
END_DO. TRAEk FOLLOK;
DO_END_TRACK_FOLLOW:
PROCEDURE
CALL DELTAPOS(-CURRENT _CURRECTION) ;
STATE = IDLE;
END DO-END_TRACK_FOLLOK;
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p END SEGMENT_FINITE_STATE_MACHINE)

%

Servo Reading and Intereretins code. VOL.07 DHL 3/24/81
This file contains all the code havind to do with the
track-following servo excert for the code executed upon
sedment interrurts which is in the sedment finite state
nichlne (SEGFSH)

¥

SRVO_MABULE :
PROCEDURE 1
ZINCLUDE TDEFINES, PLI’
#INCLUDE 'DSKDEF,PLI?;
/% Global dats #/
BECLARE

{
TRACK_DATA (0:MAX_SEGMENT) FIXED,
SERVO_DATA (0 :MAX_SEGMENT) FLOAT,
CORRECTIONS (0:MAX_SEGMENT) FIXED,
{TRACK_QFFSET, UPPER_LIMIT, INNER SERVO. PUS: UUIER SERVO POS) FIXED:
CALIBRATION FLOAT,
DC_OFFSET FIXED INITIAL (0}
) STATIC:
/% External routines ¥/
DECLARE
GOPOS ENTRY (FIXED),
SET B%R§§¥£§D" ENTRY ((0:MAX_SEGMENT) FIXED),

RPDS ENTRY RETURNS (FIXED),
DELTAPOS ENTRY (FIXED),
PLIDLY ENTRY (FIXED),
GETPOS ENTRY (FIXED).
SELSRY ENTRY (FIXED)'
GETAD ENTRY RETURN
GTSRVD ENTRY ((0: HAX SEGHENT) FIXED)

/%

SERVOINITIALIZE is the power-up routine for this sodule.
It makes sure that an INITIAL_SERVO_READ will be eerforsed -
the first tise 2 disk is loaded.

SERUOINITIALIZE:
PROCEDURE EXTERNAL;
QUTEK_SERVD_POS = Gi
ENL SERVOINITIALIZE:

/4

DOSERVOREAD 15 the routine called from outside to find the
servo track and set up the CORRECTIONS table used for wis-
tlawe correction by the seswent fsu.

¥

/
DOSERYOREAD :
PROCEDURE EXTERNALj
IF QUTER.SERVO_FOS = 0 THE
SECALL INITIAL_SERVO. REhD;

IF ~NORMAL_SERVO_READC) THEN
CALL INITIAL.SERVD_READ()
END DOSERVOREAD

/%
BGETOUTERSERVOPDS siwely returns the outer servo
rosition to an external routine.

¥

GETOUTERSERVOPOS ! X .
PROCEDURE EXTERNAL RETURNS (FIXED);
RETURN_(QUTER_SERVO_POS) ;
END GETOUTERSERVOPOS:

/4

NORMAL _SERVO_READ is the routine normally used uhen 3 disk
is loaded. It assumes that it will be able to read the
puter servo track at the same rlace it did last time, If
it can’ts it retorns a failure indication. If it cans 1t
Qeg?s the track and re-calculates the wis-claee CORRECTIONS
able.

¥/
NORMAL_SERVO_READ:
PROCEDURE RETURNS (BIT(1}}}
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DECLAKE
(TOD_FAR_IN, TOO_FAR.OUT) BIT(1}+

CALL GOPOS(QUTER_SERVO_POS) :
CALL PLIDLY(SETTLE_TIHE)}
CALL GET_SERVO{TOO_FAR_IN, TOO_FAR_OUT)i
IF TOO_FAR_IN i TOO_FAR_QUT THEN

KETURN (FALSE) ;-
CALL GET_CORKECTIONQ) j
CALL SET_ CORRECTION(CURRECTIUN&):
RETURN (TRUE
END NORMAL - SERVO READ/

INITIAL SERVO_KEAD 15 the routine which rerfores a full-
enchilada servo read. It is invoked at start-ur and at
any other tiwe when the normal algorithy fails or the
controller reauests a recalibration. It bedins by
calibrating the outer channel and recording 1ts

dain, (It assumes that the servo dc offset has been
read before the seindle was turned on at power-ue.)

It then reads both the outer and inner serve tracks,
records their positions, calculates the growth factor
to coseensate for thermal and hysroscoric srowth of

the disk: and calculates the current claweing error
correctlon

TNITIAL SERVD.READ:
PROCEDURE ;
DECLAKE _
FOUND_FLAG BIT{1},
(T00_FAR_IN, TOO_FAR_OUT) BIT(1);
CALL HOMEWD (7§
CALL PLIOLY (SETTLE_TIME) ;
CALL CALIBRATE. SERVO(CALTBRATION, FOUND_FLAG);
CALL GET_SERVOTTO0_FAR_IN, TOO_FAK_OUT)
CALL GET-CORRECTION() !
CALL SET_CORRECTION(CGRRECTIONS) i
GUTER_SERVO_FOS = CURPOS () +TRACK_OFFSET;
END INTTIAL_SERVO_REAL;

/h

CALIBRATE_SERVO is entered with the head rresumed to Le
Just outside one of the servo tracks., It sakes a sweer
inward to try to locate a valid servo track and 1f it
finds one, sets CALIBRATION to the maximum value found
on the outer eortion of it

I} 3lso returns a success or failure indication,

¥

CALIBRATE_SERVO:
ERgCEggRE (CALIBRATION, FOUND_FLAG) i

ECL
CALIBRATION FLOAT,
FOUND_FLAG BIT(1)i

LARE
(I, SEG) FIXED(T),
(MAX_LEVEL , SAHPLEr HAX_THIS_TRY) FIXED,
AT_EDGE BIT(1)/
MAX_LEVEL = 0/
CALIBRATION = 0.0€0;
FOUND_FLAG = FALSE;
DO I =1 T0 MAX_ IRIEb NHILE (~FOUND_FLAG)
MAX_THIS_TRY =
CALL GTSRVO(TRQCK DATA) /
DO SEG = 0 TO MAX_SEGMENT/
SAMPLE = TRACK_DATA(SEG)-DC._ OFFSETr
IF SAMFLE ) CAL_TRIVIAL THEN
HAX_THIS_TRY = MAX(MAX_THIS_TRY: SAMPLE)i

END;
NAX_LEVEL = MAX (MAX_LEVEL, HAX_THIS.TRY)]
IF NAX_LEVEL ) MAX.THIS.TRY+HYSTERESIS THEN
g UMDFLAG = TR
CALL DELTAPDS (TRY_DELTA) ;
IF <FOUND_FLAG THEN
KETURN;

UPFER_LINIT = (MAX_LEVELWG#S)/10}



4,453,188
49

AT_EDGE = FALSE;
DO NHILE (~AT_EDGE):
AT_EDGE = TRUE;
CALL GTSRVO(TRACK DATA):
DO SEG = 0 TO_MAX_SEGHENT:
SANFLE = TRACK DATA(SEG) -DC_OFFSET )
IF (SAMPLE (= TRIVIAL) | (SAMFLE ) UPPER_LIMIT) THEN
AT_EDGE = FALSE?

ENDi
IF ~AT_EDGE THE
. LA DELTAPOS(TRY DELTA)

EN
CALIBRATION = MAX_LEVEL;
END CALIBRATE_SERVD:

GET SERVO attemrts to read a servo track at the current

head location. It checks for success (the eresence of

valid values 3{1 the way around the track) and: if successful,
returns the outer levels divided by CALIBRATION.

#/

GET_SERVO:
PROCEDURE (TOD_FAR_IN, TOO_FAR_OUT);
DECLAR

L
(égﬂ-FRR-IN: TOD_FAR_OUT) BIT(1)i

CLARE
SANPLE FIXED:
SEG FIXED(7)}
T00_FARIN = FALSE;
TO0_FAR_OUT = FALSES
CALL GTSRVO(TRACK .DATA)j
D0 SEG = 0 10 MAX_SEGMENT;
SAMPLE = TRACK. DATA (SEG) ~DC_OFFSET7
TRACK_DATA(SEG) = SAMPLE;
IF SAWPLE (= TRIVIAL THEN
T00_FAR_IN = TRUE;
IF SAMPLE ) UPFER_LIMIT THEN
TO0FAR.QUT = TRUE;

END
I ~T00 FAR_IN & ~TUU FAR_DUT THEN
D0 SEG = O T0 MAX_SEGMENT;
-GERVO_ DATA(SEG) = FLOAT (TRACK_DATA(SEG) ) /CALIBRATION;

END
END GET_SERVOS

BET CORRECTION transforns the ratios in SERVG_JATA into the
nis-clasp correction vaiues in CORRECTIONS. At the same
times it calculates the amount by which the center of the
servo track is offset from the position of the head when
§9e track was readr and stores this in TRACK_OFFSET,

GET_CORRECTION:
PROCEBURE
DECLARE
NskGs FLIATT
SEG FIXED(?)
DD SEG. = 0. T0 HAX_SEGHENT;
CORRECTIONSSEG) = DSTCUT(SERMD- DATA(SER) )

ND;
TRACK_OFFSET = 0
b0 SEG = 0 TO M
D TRACK. DFFSET = TRAEh UFFSET+CORRELTIONb(bEB):

NSEGS = MAX_SEGMENT+1/
TRACK_OFFSET = RDUND(FLOAT(TRACh QFFSET) /NSEGS,0) #
DO SEG = 0 TO MAX_SEGHMENT;
CORRECTIUNS(SEG) = - (CORRECTIONS (SEG) -TRACK_OFFSET) }

END
END GET_CORRECTION:

GETDCDFFSET is used at start-up to callbrste the DC offset of the
servo electronics. It does this by siwely readind the A/D on the
assumption that there is no disk in piace atl the time.

¥/
GETDCOFFSET:
PROCEDURE EXTERNAL 7

50
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CALL SELSKV(F_DUTER) i
DC_OFFSET = GETAD()
END GETDCOFFSET:

BSTCYT 15 the procedure used to transiate between 3 given servo
powers exeressed as the ratio between the current reading and
the recorded maximum values and the distance off-track in rips,

52

DSTCUT:
PROCEDURE (RATIO) RETURNS (FIXED)
DECLARE

RATIO FLOATS
CLARE

I FIXED:
TRTABLE t~"‘1) FLOAT STATIC INITIAL (.063,.200:,316:.388))

[=-2T01
If RATIU (' TRTABLE (1) THEN
RETURN (1)}

RETURN (2);
END DSTCUT S
END SRVO_MODULE

What is claimed is:

1. Apparatus for moving a data storage device be-
tween a retrievable position at which the data storage
device is stored and an operative posmon at Wthh the
data storage device is used, comprlsmg

(a) a pick head having a pair of openable and close-
able jaws;

(b) carriage means for carrying said pick head be-
tween the retrievable position and the operative
position;

(c) first pick cam means for opening said jaws during
movement of said pick head towards the retriev-
able position and for then closing said jaws about
the data storage device at the retrievable position,
said pick head being movable with said jaws closed
from the retrievable position towards the operative
position;

(d) second release cam means for opening said jaws
-during movement of said pick head at the operative
position and for then closing said jaws beyond the
operative position, said pick head being movable
with said jaws closed from beyond the operative
position towards the retrievable position; and

(e) means for driving said carriage means between the
operative position and the retrievable position.

2. Apparatus according to claim 1 wherein said first

pick cam means comprises:

(a) a pivotal member;

(b) a cam member connected at a slant to said pivotal
member and having an upper cam surface and an
underside; and

(c) a cam follower, connected to said pick head, for
opening and closing said jaws, said cam follower
riding along said upper cam surface during move-

ment of said pick head towards the retnevab_lc'

position and contacting said underside to pivot said
pivotal member during movement of said pick head
from the retrievable position towards the operative
position. :

3. Apparatus according to claim 1 wherein said sec-

ond release cam means comprises:

(a) a pivotal member;

(b) a cam member connected at a slant to said pivotal
member and having an upper cam surface and an
underside; and

(c) a cam follower, connected to said pick head, for
opening and closing said jaws, said cam follower
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riding along said upper cam surface during move-
ment of said pick head towards the operative posi-
tion and contacting said underside to pivot said
pivotal member during movement of said pick head
from the operative position towards the retrievable
position.

4. Apparatus according to claim 1 wherein said means
for driving comprises:

(a) a drive motor; and

(b) programmable processor means for controlling
said drive motor.

5. Apparatus according to claim 4 wherein said pro-
grammable processor means controls said drive motor
to drive said pick head into the retrievable position
beyond said first pick cam means to pick the data stor-
age device and to drive said pick head no further than
said first pick cam means to return the data storage
device to the retrievable position.

6. Apparatus according to claim 1 wherein said car-
riage means further comprises means for controllably
securing the data storage device in the operative posi-
tion.

7. Apparatus according to claim 1 further comprising
means for stripping the data storage device from said
jaws as said jaws are opened at the operative position.

8. Apparatus, according to claim 1, wherein the data
storage device has a slot, and wherein said jaws close
through the slot at the retrievable position and during
movement of the data storage device from the retriev-
able position towards the operative position.

9. Apparatus for providing servo information, com-
prising:

(a) a data storage medium having a reference track
having an outer diameter and an inner diameter,
said reference track storing a signal having an am-
plitude waveform across said reference track for
providing a generally level central portion of con-
stant amplitude F and a linearly sloping amplitude
portion having a reference position Rrp and lead-
ing from said generally level central portion of
constant amplitude to said inner diameter of said
reference track;

(b) means, movable across said reference track, for
detecting said signal to output said generally level
central portion of constant amplitude F and said
linearly sloping amplitude portion;

(c) means, coupled to said detecting means, for gener-
ating first data representing said constant ampli-



4,453;188

53

tude F and second data representing the:amplitude
of said signal at a point on sald hnearly sloping
amplitude portion; and

(d) means, coupled to said generating rheans, for de-

termining the ratio of said second- data to said first
data and for determining an offset of said-detecting
means from said reference position Rgpin response
to said ratio. -

10. Apparatus, according to claim 9, wherein said
reference position Rgpis at a predetermined ratio of an
amplitude of said linearly sloping amplitude portion to
said constant amplitude F.

11. Apparatus, accordmg to claim 10 wherein said
predetermined ratio is 0.5F.

12. Apparatus, according to claim 9, wherein said
means for detecting comprises:

(a) a signal detector;

(b) stepper motor means for moving said signal detec-

tor across said reference track; and

(c) means for controlling said stepper motor means to

move said signal detector in full steps to output said
generally level central portion of constant ampli-
tude F" and in microsteps to output said linearly
sloping amplitude portion.

13. Apparatus, according to claim 9, wherem said
signal is a single frequency signal. '

14. A disk drive for accessing data, comprising:

(a) a disk-type data storage medium having a plurality
of concentric data tracks having centerlines and a
single concentric servo track having an outer diam-
eter and an inner diameter, said servo track storing
a frequency signal having an amplitude waveform
across said servo track for providing a generally
level central portion of constant amplitude F and a
linearly sloping amplitude portion having a refer-
ence position Rgpleading from said generally level
central portion of constant amplitude F to said
inner diameter of said servo track;

(b) first means, movable across said servo track and
said data tracks, for detecting said frequency signal
to output said generally level central portion of
constant amplitude F and said linearly sloping am-
plitude portion, said first detecting means including
a scale having scale lines representing the distance
between said centerlines of said data tracks and the
distance between said servo track and one of said
data tracks adjacent said servo track, said reference
position Rgpbeing a certain distance from said one
adjacent data track;

(c) second means for detecting said scale lines in
response to movement of said first detecting means
across said servo track and said data tracks and for
storing counts corresponding to the positions of
said servo track and said data tracks;

(d) means, coupled to said first and second detecting
means, for determining a ratio of the amplitude of
said frequency signal at a point on said linearly
sloping amplitude portion to said constant ampli-
tude portion F and for determining an offset of said
first detecting means from said reference position
RRpin response to said ratio and for determining a
number representing the distance from said offset

~ to said adjacent one data track; and

(e) means for moving said first detecting means to any
one of said data tracks in dependence on said num-
ber and said counts.

15. A disk drive according to claim 14, wherein said
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disk-type‘'data storage medium is expandable and con-
tractable'and said scale is expandable and contractable
in proportion to said disk-type data storage medium.

16. Apparatus for storing and retrieving a data stor-

age device, comprising:

(2) means for providing an operatlve position for the-
data storage device;

“(b) means for storing the data storage device at a

" retreivable position;

© plvotal means for clamping the data storage de-
vice at the operative position; and

(d) means for moving the data storage device from
the retrievable position to the operative. position,
including
(i) means for pivoting said pivotal means to clamp

the data storage device;
(i) a movable carriage carrying said pivoting
means;
(iii) a motor for moving said movab‘le carriage;
and
- (iv) programmable microprocessor means for con-
trolhng said motor to move said movable car-
- tiage to clamp and reclamp the data storage
device in response to misclamping of the data
. storage device at the operative position. ‘
17. Apparatus according to claim 16, wherein said
pivotal means has a pivotal clamp arm and a cam being
pivotal with said clamp arm, and said pivoting means
comprises a cam follower being movable along said
cam.

18. Apparatus for storing and retrieving a plurality of

data storage devices, comprising:

(a) means for providing an operative position for one
of the data storage devices;

(b) means for storing the plurality of data storage
devices and being pivotal in relation to said provid-
ing means;

(c) means for selectively pivoting said storing means
to move a selected one of the data storage devices
into a retrievable position, including controllable
means for driving said storing means, and program-
mable processor means for controlling said con-
trollable driving means; and

(d) means for moving the selected one of the data
storage devices between the retrievable position
and the operative position.

19. Apparatus according to claim 18 wherein said

controllable driving means comprises:

(a) an index cam coupled to said storing means;

(b) a cam follower coupled to said index cam; and

(c) stepper motor means for moving said ‘cam fol-
lower along said index cam.

20. Apparatus for storing and retrieving a plurality of

data storage devices, comprising:

(a) means for providing an operative position for one
of the data storage devices;

(b) means for storing the plurality of data storage
devices and being pivotal in relation to said provid-
ing means;

(c) means for selectively pivoting said storing means
to move a selected one of the data storage devices
into a retrievable position; and

(d) means for moving the selected one of the data
storage devices between the retrievable position
and the operative position, including picker means
for releasably clamping the selected one of the data
storage devices in the retrievable position and for
releasably unclamping the selected one of the data



4,453,188

55

storage devices in the operative position. .

21. Apparatus according to claim 20 wherein said
picker means for releasably clamping and unclamping
comprises:

(a) a pick head having a pair of openable and close-
able jaws for picking the selected one of the data
storage devices, and having a cam follower;

(b) carriage means for carrying said pick head be-
tween the retrievable position and the operative
position;

(c) a first pick cam having a pick cam surface for
opening and closing said jaws, said cam follower
following said pick cam surface near the retriev-
able position to open said jaws about the selected
one of the data storage devices and then to close
said jaws and pick the selected one of the data
storage devices in the retrievable position, said cam
follower bypassing said pick cam surface after
picking the selected one of the data storage devices
and while moving towards the operative position;

(d) a second release cam having a release cam surface
for opening and closing said jaws, said cam fol-
lower following said release cam surface near the
operative position to open said jaws and release the
selected one of the data storage devices in the oper-
ative position and then to close said jaws, said cam
follower bypassing said release cam surface to push
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the selected one of the data storage devices with
said jaws closed from the operative position
towards the retrievable position; and

(e) means for driving said carriage means.

22. Apparatus according to claim 21 wherein said
picker means for releasably clamping and unclamping
further comprises a stripping device for stripping the
selected one of the data storage devices from said jaws
in the operative position as said jaws are opened.

23. Apparatus according to claim 21 wherein said
carriage means comprises means for releasably securing
the selected one of the data storage devices in the opera-
tive position.

24. Apparatus according to claim 20 wherein said
means for storing comprises a pack having a groove and
a detent biased into said groove to hold the plurality of
data storage devices in said pack and to force the se-
lected one of the data storage devices into the retriev-
able position in response to said picker means for releas-
ably clamping and unclamping being near the retriev-
able position.

25. Apparatus according to claim 20 wherein said
means for storing comprises a pack having a cut-out,
said picker means for releasably clamping and unclamp-
ing being movable into said cut-out to pick and retrieve

the selected one of the data storage devices.
¥ % % % #



