
EP 0 244 150 B1 Description This invention relates generally to a method of
driving a stepping motor and more particularly to the precise positioning
of the magnetic read/write head in a streaming cartridge tape drive with
the use of a 5  stepping motor. Streaming cartridge tape drives are used in
computer systems to store digital data on magnetic tape. Data is recorded
on the magnetic tape in a serial fashion along a plurality of substantially
parallel data tracks which run the length of the tape. When one track has
been fully read from or written to, the direction of the tape is reversed,
and another data track is read from or written to in the opposite
direction. This bi- io directional capability of the movement of the tape
over the magnetic head obviates the need for rewinding the tape after each
track is accessed. This back and forth recording if data along a plurality
of data tracks one at a time is known as "serpentine" recording. The
magnetic tape used in streaming cartridge systems is commonly one-fourth of
an inch in width and may be up to 450 feet in length. There may be twenty
parallel data tracks between the edges of the 15 quarter-inch tape. In
order to access each of these tracks to read or write data, the magnetic
read/write head must be precisely positioned over each track. If the
magnetic head is not accurately positioned over the proper data track, data
transmission errors may occur from reading data from the wrong track or
writing data on the wrong track, which may result in a loss of data. These
precise positioning requirements are accomplished with the use of a
stepping motor. When 20 subject to a discrete number of electrical
excitations, a stepping motor rotates through precise angular increments,
one increment for each excitation. When the motor is coupled to the
magnetic read/write head via a conventional means for translating the
angular displacement of the motor to linear displacement, such as a lead
screw, the position of the magnetic head can be precisely controlled. There
are stringent time requirements in the tape drive system within which the
magnetic head must be 25  moved from one position to another. Some of these
head movements are short, only requiring the stepping motor to be rotated
through a single step. It is also required that the head be moved a
distance equivalent to many steps of the motor. In this latter mode, the
motor continuously rotates through many steps, only stopping when the final
position is reached. This mode of operation is called "slewing." The
stepping motor is operated in its slewing mode when the head must be moved
from one data track 3o to another, since the distance between data tracks
is equivalent to many steps of the motor. It is advantageous that the motor
be slewed as quickly as possible without loss of positional integrity.
Several methods of improving the performance of a stepping motor in its
slowing mode of operation have been employed in the past. One such method
involves "ramping" the speed of the stepping motor up to its slowing
frequency, running the motor at the slowing frequency for a predetermined
period of time, 35 then ramping the speed down until the motor comes to
rest. In order to produce these ramps, a series of excitations must be
transmitted to the motor separated by varying periods of time. For example,
during the ramp up period, the time period between the first and second
excitations might be 14 milliseconds, while the time period between the
second and third is 12 ms, and the period between the third and fourth is
10 ms, and so on. Such an excitation sequence is called a "ramp profile."
When the slewing frequency is 40 reached, the motor is excited at a
constant rate. There are several disadvantages to this method of slowing a
stepping motor. First, exciting the motor at varying time intervals during
the ramp periods adds unnecessary complexity to the driving circuit. In
addition, in some cases different ramp profiles need to be used depending
upon how many steps need to be taken. Thus, storage of multiple ramp
profiles may be required. A second disadvantage to this method is 45 that
the slowing frequency is limited by resonance effects inherent in the
motor. As a result, this method of exciting the motor results in an
unnecessarily low limit on the slowing frequency in some applications,
depending on the locations of load resonance. A slight modification of the
ramping method incorporates the use of backphasing during the final step in
a series of steps. This final-step backphasing in the slewing mode consists
of applying a series of so alternating forward and reverse phases to the
motor The effect of the alternate reverse phases is to act as a brake on
the rotor, thus reducing the time required for the rotor to settle to its
final stop position Each of the steps preceding the final step is produced
by supplying an excitation consisting of a single forward phase. No
backphasing is utilized in this method for any step other than the final
step in a series or steps. While the time required for the motor to settle
to its final position is reduced, this modified ramp 55 method of exciting
the motor retains the disadvantages described above of the necessity for
multiple ramp 



profiles and the unnecessarily low limit on slowing frequency. The motor
must also be capable of moving a single step and coming quickly to rest.
One procedure which requires the motor to be operated in its single step
mode is invoked before data is written to tape. 2    EP0244 150B1 Writing
data to the tape requires that the magnetic head first find the edge of the
tape, and then write the first data track at a predetermined distance from
this edge. In order to find the edge of the tape, the magnetic head is
first positioned at a predetermined starting point. A single excitation is
then transmitted to the stepping motor to cause it to rotate through one
angular increment, or step, thus moving the head a 5  fixed distance, which
may be, for example, one-thousandth of an inch. After the step is
completed, an edge- of-tape test is performed. If the edge is found, the
head may be moved the predetermined distance to the first track. If the
edge is not found, the motor is moved another step and the edge-of-tape
test is repeated. Due to manufacturing tolerances and lateral movement of
the tape, many single steps of the motor may be required before the edge of
the tape is found. This would not present a problem if each single step
were l0  performed quickly. However, conventional stepping motors, which
have a single step response which is oscillatory, require a certain amount
of settling time after each step is taken. Since the edge-of-tape test
cannot be performed until the oscillations of the motor have terminated,
time is wasted waiting for the oscillations to die out. A different
procedure is used to find the first data track prior to reading a magnetic
tape which has is  previously been written. Instead of looking for the tape
edge, the magnetic head looks for a fixed-length reference burst which lies
between the beginning of the tape and the start of the data tracks and is
aligned with the first data track that is to be written. This procedure
comprises advancing the magnetic head by a single step and then reading the
portion of the tape between the beginning of the tape and the beginning of
the data tracks until the reference burst is found. Since this portion of
the tape preceding the start of the 20  data tracks is relatively short, if
the reference burst is not found by the time the magnetic head reaches the
start of the data tracks, the tape must be rewound. Rewinding the tape from
a point just past the start of the data tracks to its beginning takes a
considerable amount of time. It is thus advantageous to perform as many
tests for the reference burst as possible before the tape needs to be
rewound. Since the magnetic head cannot effectively read the reference
burst until the head has stopped oscillating after each step, the 25
oscillatory periods contribute to an undesirably long delay in finding the
reference burst due to the time it takes for the oscillations to decay as
well as the extra tape rewinding time. An attempt to solve the problem of
an undesirably long oscillatory period following a single step of a
stepping motor has been made. The single step response of a stepping motor
has been shortened by a technique called "back phasing damping." This
technique involves turning on a reverse phase of the 30  stepping motor
once to decelerate the rotor during the last portion of the step. When the
final position is reached, the forward phase is turned back on. While this
technique results in shortening the single step response of the motor, its
use in a system having significant load variations as seen by the motor can
cause problems. When back phasing damping is used, if the time at which the
reverse phase is activated is too early, the stepping motor will tend to
return 35  to its starting position. When the final forward phase is
subsequently turned on, the motor will oscillate in a manner similar to its
undamped single step response If the reverse phase is activated too late,
the stepping motor will have an undesirable amount of oscillation about its
final resting position. Where there are significant load variations in the
system, unless the time at which the reverse phase is activated is varied
depending upon the load, some of the reverse phases will be activated too
early and 40  some too late. For example, if the load seen by the motor
increases form the previous step, the time at which the reverse phase is
activated will be too early, and the motor will hot have enough inertia to
reach the next step when the reverse phase is activated. As a result, the
motor will tend to return to its starting position. When the final forward
phase is subsequently turned on, the motor will oscillate in a manner
similar to its undamped single step response. 45     While these problems
could be overcome with a closed loop feedback system for continuously
sensing the position of the rotor within the stepping motor, the additions
of such systems would add increased cost and complexity. 



There is disclosed in US-A-4 600 868 an open loop controller for the
stepper motor of a disk drive actuator. The controller is programmed to
supply pulse width modulated drive voltages for energizing and 50
deenergizing successive phases of the stepper motor at controlled rates
during the initial and final phases only of each actuator seek, thereby
controlling the acceleration and deceleration profiles of the actuator to
reduce its midfrequency resonance, settling time and position hysteresis.
This document further represents the precharacterizing part of claim 1 In
US-A-4 313 143, there is disclosed a head positioning mechanism for a
multitrack data cartridge 55 recorder including a stepper motor, lead screw
and screw/follower assembly for incrementally moving a record/playback head
transverse to the path of magnetic recording tape to enable accurate
positioning of the head at any given track across the tape. 3    EP 0 244
150 B1 Summary of the Invention An apparatus according to the invention is
disclosed in appended Claim 1. A method according to the invention is
disclosed in appended Claim 9. 5 Brief Description of the Drawings Fig. 1
illustrates a section of magnetic tape used in connection with a cartridge
tape drive; Fig. 2 is a schematic view of a magnetic read/write head and
motor assembly used in a cartridge tape 10    drive; Fig. 3a is a schematic
view of a four-phase stepping motor with its rotor in a first position;
Fig. 3b is a schematic view of the stepping motor of Fig. 3a with the rotor
in a second position; Fig. 3c is a schematic view of the stepping motor
with the rotor in a third position; Fig. 3d is a schematic view of the
stepping motor with the rotor in the fourth position; is    Fig. 3e is a
schematic view of the stepping motor with the rotor in the first position,
Fig. 4 is a schematic view of the stepping motor shown in Figs. 3a-3e; Fig.
5a illustrates a typical single step excitation for a stepping motor; Fig.
5b illustrates the undamped oscillatory single step response of a stepping
motor; Fig. 6a illustrates an excitation sequence of a stepping motor in
its single step mode of operation in 20    accordance with the invention;
Fig. 6b illustrates a damped single step response of a stepping motor in
accordance with the invention; Fig. 7 illustrates an excitation sequence
used to run a bipolar stepping motor in its slowing mode of operation in
accordance with the invention; and Fig. 8 illustrates an excitation
sequence used to run a unipolar stepping motor in its slowing mode of 25
operation in accordance with the invention. Detailed Description of the
Preferred Embodiments Fig. 2 illustrates a magnetic read/write head and
stepping motor assembly 16 used in a streaming 30  cartridge tape drive.
The assembly 16 comprises a magnetic read/write head 20, a coupler 36, a
lead screw 40, a collar 42, and a stepping motor 60. The magnetic head 20
is coupled to the lead screw 40 so that the vertical position of head can
be adjusted by the rotation of the screw, which is controlled by the
stepping motor 60. The portion of the lead-screw 40 between the collar 42
and the motor 60 passes through a base plate 44 connected to the tape
drive. 35     The base plate 44 is used as a mechanical stop, or reference
point, from which a variety of head positions may be measured as a number
of discrete steps of the stepping motor 60. The base plate 44 cooperates
with the collar 42 to provide this capability. The collar 42 is fixed with
respect to and rotates with the lead screw 40. The head 20 can be
considered to be at its reference point, or at "home," when the bottom
surface of the collar 42 is flush with the base plate 44. 40     Each step,
or angular rotation, of the stepping motor 60 causes the lead screw 40 to
raise or lower the head a fixed amount, depending upon the direction of
rotation. Thus, distances can be measured as a number of steps. The
distance the head 20 moves per step depends upon the particular stepping
motor, lead screw, and head coupling mechanism used. In one embodiment of
the invention, the head 20 is moved one-thousandth of an inch per step. 



45    If it is known that a particular location lies a certain distance
from home, this location can be reached by first moving the head 20 to the
home position and then stepping the motor 60 through the number of steps
corresponding to the distance from home. Alternatively, the tape drive way
keep track of the current step position and find a desired position by
calculating the difference in the number of steps to the desired position
from the current position. 50     Because there may be a significant amount
of positional play of the head 20 with respect to the lead screw 40, a pair
of cantilever springs (not shown) urge the head 20 toward the stepping
motor 60. An undesirable side effect of the use of the cantilever springs
is a significant amount of load variation seen by the stepping motor 60
when the head 20 is in different positions. That is, the load seen by the
motor 60 varies as a function of the vertical position of the head 20. 55
The magnetic head 20 has two read heads 24, 26, two write heads 22, 28, and
an erase head 30. When data is recorded on magnetic tape by the head 20,
the data is first written by one of the write heads 22, 28 and subsequently
read by one of the read heads 24, 26 to check the integrity of the newly
written data. 4    EP 0 244 150 B1 The magnetic tape used in connection
with a streaming cartridge tape drive has a plurality of substantially
parallel data tracks which run along its length. A portion 10 of such a
tape is illustrated in Fig. 1. While the tape 10 shown has four data tracks
12, such magnetic tape may have twenty data tracks between its edges. Data
is recorded to the tape in a serial fashion on one track 12 at a time. When
one 5  track has been fully read from or written to, the direction of the
tape is reversed, and another data track is read from or written to in the
opposite direction. This bi-directional capability saves time which would
otherwise be lost during tape rewinding. The magnetic head has two read
heads 24, 26 and two write heads 22, 28 to allow for this bi-directional
capability. When magnetic tape passes over the head 20 from left to right
in Fig. 2, the tape may be written 10 by the upper write head 22 and
subsequently read by the upper read head 26 to check the data for accuracy.
When a new data track 12 is to be recorded and the tape passes over the
head 20 in the opposite direction, from right to left, the lower write head
28 may write data to the tape while the read head 24 subsequently checks It
for accuracy. The stepping motor used in the assembly 16 may be any type of
conventional stepping motor. The 15  particular stepping motor actually
used is a two-stack, four-phase, permanent magnet stepping motor with 12
poles on each stack for a total of 24 poles. In any stepping motor, the
angle through which the rotor rotates in a single step is governed by the
number of poles on the rotor and the stator. The particular stepping motor
described above rotates [err] per step. For purposes of clarity, the
operation of a stepping motor is described in connection with a four-phase
20  motor having four poles on the stator and two poles on the rotor. The
exact same excitation sequences described herein can be used to drive
either the 4-pole motor or the 24-pole motor actually used, since both are
four-phase motors. The only difference which results is that the 24-pole
motor rotates 15  per step, while the 4-pole motor rotates [err] per step.
The operation of a stepping motor can be explained with reference to Figs.
3a-3e. As illustrated in Fig. 25  3a, the stepping motor includes a stator
62, an axle 70, and a rotor 64 which causes rotation of the axle 70, which
in turn, drives the lead screw 40. The position of rotor 64, which is a
permanent magnet having a north pole 66 and a south pole 68, is controlled
by creating magnetic fields in four poles 80, 82, 84, 86. A length of wire
is coiled around the poles 80, 84 on the upper and lower portions of the
stator, respectively, to form a winding 74, and another length of wire is
coiled around the poles 82, 86 on the right and left sides 30 of the
stator, respectively, to form a winding 76. As shown in Fig. 3a, the
winding 74 is coiled counterclockwise around the poles 80, 84 from bottom
to top. The winding 76 is coiled counterclockwise around the poles 82, 86,
from left to right. When currents are introduced into the windings 74, 76,
magnetic fields are produced in the poles on the stator 62, the direction
of each magnetic field being dependent upon the direction of the current.
35     For example, the rotor 64 in Fig. 3a has its north end positioned
directly between the poles 80, 82 on the stator 62. This rotor position is
caused by an upward current flow in the winding 74 and a rightward current
in the winding 76, as indicated by the arrows. The upward current flow in
the winding 74 induces a 



south magnetic field on the pole 80, and the rightward current in the
winding 76 induces a south magnetic field on the pole 82. As a result, the
north end of the rotor 64 is attracted to the vector sum of these south 40
poles, which lies directly between the poles 80, 82. The rotor 64 will
remain fixed in this position as long as the currents in the windings 74,
76 remain unchanged. When the direction of the current in the winding 74 is
effectively reversed, the rotor 64 will rotate through [err] in the
clockwise direction and come to rest directly between the poles 82, 84.
Since the current in the winding 76 remained unchanged, the pole 82 still
acts as a south pole. However, since the 45  current in the winding 74 is
now flowing down as indicated by the arrow, a south magnetic field is
induced in the pole 84. As a result, the rotor 64 is caused to align itself
with the vector sum of these two south poles 82, 84. Figs. 3c-3e illustrate
the rotor positions when the currents through the windings flow as
indicated by the arrows. The rotor 64 illustrated in Fig. 3e has returned
to its original position (Fig. 3a) after having been 50  rotated through
[err] The generation of the currents through the windings 74, 76 can be
understood with reference to Fig. 4, which is a schematic diagram of the
stepping motor and a driving circuit comprising four transistors 90, 92,
94, 96. One end of the winding 74 is connected to the collector of the
transistor 90 while the other end is connected to the transistor 92. The
emitters of the transistors 90, 92 are connected to ground, and the 55
winding 74 has a center tap which is connected to a voltage supply. The
winding 76 is similarly connected, with its upper end connected to the
collector of the transistor 94 and its lower end connected to the collector
of the transistor 96. The emitters of these two transistors 94, 96 are also
connected to ground, and the winding 76 has a center tap which is connected
to the voltage supply. 5    EP 0244 150 B1 During operation, exactly one of
the transistors 90, 92 connected to winding 74 will be turned on to conduct
current, and exactly one of the transistors 94, 96 will also be turned on
to conduct. When the transistor 90 is turned on and the transistor 92 is
off, current will flow from the voltage supply upward through the upper
portion of the winding 74 and down through the transistor 90 to ground.
When the 5  transistor 92 is turned on and the transistor 90 turned off,
current will flow from the voltage supply down - through the lower portion
of the winding 74 and to ground through the transistor 92. Similarly, when
the transistor 94 is on and the transistor 96 is off, an upward current
will flow through the upper portion of the coil 76. When transistor 94 is
off, and transistor 96 is on, current will be induced to flow down through
the lower portion of the winding 76. 10     The upper portion of the
schematic winding 74 shown in Fig. 4 corresponds to the winding 74 around
the pole 80 illustrated in Fig. 3a. The lower schematic winding 74
corresponds to the winding 74 around the pole 84. The upper schematic
winding 76 corresponds to the winding 76 around the pole 82, and the lower
schematic winding 76 corresponds to the winding 76 around the pole 86.
Thus, an upward flow of current through each of the schematic windings 74,
76 shown in Fig. 4 corresponds to the current flow in the 15  windings 74,
76 in Fig. 3a as illustrated by the arrows. The following table more fully
correlates the on/off states of each of the transistors 90, 92, 94, 96 to
the resultant positions of the rotor 64 in Figs. 3a-3e. TABLE 1 20
Step   [err]    [err]    [err]    [err]   Fig. 1    ON    OFF   ON    OFF
3a 2    OFF   ON    ON    OFF    3b 3    OFF   ON    OFF   ON         3c 25
4    ON    OFF   OFF   ON          3d 1    ON    OFF   ON    OFF    3e As
indicated by Table 1, in order to move the rotor 64 from its position as
shown in Fig. 3a to its position in Fig. 3b, the transistors 94, 96 must
remain on and off, respectively, and the transistor 90 must be turned off
while transistor 92 must be turned on. As soon as the transistors 90, 92
are switched to their new states, the rotor 64 will begin to move towards
its position as shown in Fig. 3b. When it reaches this position however, it
will tend to oscillate about the position, gradually coming to rest. Fig.
5a illustrates a change of the conducting states of the transistors 90, 92,
94, 96 as function of time. 



Simply switching the states of the transistors 94, 96 once as is indicated
by the lines 104, 106, which is the way a stepping motor is typically
excited, results in the oscillatory single step. response illustrated in
Fig. 5b. The oscillatory response, which consists of an alternate series of
gradually decreasing "overshoots" and "undershoots," takes approximately
100 milliseconds to decay in the particular magnetic head and motor
assembly 16 described above. 40  The invention provides a novel excitation
sequence for the single step mode of operation of a stepping motor which
allows the settling time of the oscillatory single step response to be
significantly reduced to approximately one-fifth of the normal undamped
settling time. This is accomplished by repeatedly alternating the forward
and reverse phases of the stepping motor as illustrated in Fig. 6a. Instead
of simply turning the transistor 94 off and the transistor 96 on, these
transistors are repeatedly switched off and on before they are switched to
their new conducting states. The resultant single step response,
illustrated in Fig. 6b, approximates the critically damped response of a
stepping motor, causing the resultant settling time to be significantly
reduced. The times at which the transistors 94, 96 are repeatedly switched
depends upon a number of criteria. For purposes of the discussion of Fig.
6a, the forward phase is defined as the time periods when the transistor 94
is off and the transistor 96 is on as indicated by the lines 114, 116, and
the reverse phase is 5 defined as the time periods when the transistor 94
is on the the transistor 96 is off. Thus, each of the lines 114, 116
consists of a number of alternating forward and reverse phases. In general,
it should be noted that each forward phase urges the rotor 64 towards its
destination, whereas each reverse phase urges the rotor towards its
starting point. Since it is desired to wove the rotor from its starting
point to its destination, the 55  length of each alternating forward phase
must be greater than that of each reverse phase. For purposes of this
discussion, the phase ratio is defined as the ratio of the length of time
of the forward phase to that of the reverse phase. Thus, the phase ratio
should always be greater than one. In one embodiment of the invention, each
forward phase lasts 0.9 milliseconds, while each reverse phase lasts 0.6
milliseconds, resulting in a phase ratio of 1.5. It has been found that a
phase ratio in the range of 1.25 to 2.00 should be 6    EP 0 244 150 B1
used in order to most effectively damp the single step response of a
stepping motor. In addition, the duration of the forward phase must be
greater than the electrical time constant r of the motor, where r = L/R,
and L is the inductance of the motor and R is the resistance of the motor.
Finally, the number of times the reverse phase is activated is another
factor which affects the single step response. While the lines 114, 5  116
in Fig. 6a indicate that the reverse phase Is activated twice, the single
step response is most effectively damped when the reverse phase is
activated from too to eight times before the final forward phase is
activated. Another feature of the invention includes a novel excitation
sequence for driving a stepping motor in its slewing mode of operation.
This excitation sequence incorporates the use of alternating forward phases
and 10   reverse phases for each step in a predetermined number of steps.
Fig. 7 illustrates such an excitation sequence for three steps of a bipolar
motor. A bipolar motor which may have two wire windings, is driven by
alternately reversing the current flow through one winding at a time. The
lines 130, 134 in Fig. 7 indicate the direction, A or B, of current flow in
each of the windings 1 and 2 respectively, direction A being the reverse of
direction B. In step A, the forward phases correspond to current flow, in
direction A in winding 2 15  while the reverse phases correspond to current
flow in direction B of winding 2. In step A of Fig. 7, windings 2 is given
an initial forward phase of 1.0 ms, a reverse phase of 0.4 ms, a second
forward phase of 0.6 ms, a second reverse phase of 0.4 ms, and a final
forward phase of 0.6 ms. The times for which the forward and reverse phases
are activated for steps B and C are identical to those of step A. Although
Fig. 7 indicates that only two reverse phases are used in each step, more
reverse phases 20  could be used. The criteria for determining the number
and duration of the reverse phases in the slowing mode of operation are
similar to those used in the single stepping mode. Fig. 8 illustrates a
similar excitation sequence for driving a unipolar motor. In such a motor,
only half of each winding is energized at a time. Since the motor shown In
Fig. 3a is a unipolar motor, current flows through only one-half of the
windings 74,76 at any time. For example, the two arrows in Fig. 3a
illustrate 25  current flow through the top half of the winding 74 and the
right half of the winding 76. If the motor in Fig. 



3a were a bipolar motor, current would flow through both parts of the
windings 74,76 at all times. A unipolar motor is used because it allows for
simpler driving circuitry. The practical effect of using a bipolar motor
instead of a unipolar one is that stronger magnetic fields are produced,
resulting in greater acceleration of the rotor. 30     The excitation
sequence of Fig. 8 takes into account the weaker magnetic fields produced
in a unipolar motor. Step D, which represents a counter clockwise rotor
advancement from its position in Fig. 3D to that of Fig. 3c, is followed by
a delay which allows an extra period of time for the rotor to reach its
final position due to its lower acceleration. Each step in the excitation
sequence is followed by a similar delay period. The excitation sequence for
each step in Fig. 8 as represented by the lines 140,142,144,146, consists
35  of an initial forward phase of 1.5 ms, a reverse phase of 0.6 ms, a
second forward phase of 0.9 ms, a second reverse phase of 0.6 ms, and a
final forward phase of 0.9 ms, which remains unchanged for a delay period
of an additional 5.0 ms. The utilization of the alternate forward and
reverse phases during each step when the motor is in its slewing mode of
operation allows for a dramatically increased slewing frequency to be
attained. For 40  example, the excitation sequence for each step in Fig. 7
has a duration of 3.0 ms, which corresponds to a slowing frequency of 333
Hz. When the same motor and head assembly as that used in Fig. 7 was driven
without this novel excitation sequence, the maximum satisfactory slowing
frequency was 100 Hz, more than three times slower The excitation sequences
in accordance with the invention are produced by a computer software 45
subroutine which is stored in a read-only-memory (ROM). The subroutine
generates the necessary forward and reverse excitations for a single step
of the motor. Thus, if the motor is operating in its single step mode, the
subroutine is invoked repeatedly, once for each step. When a delay is
required between each step, such as in the case of a unipolar motor, the
delay is achieved by delaying the invocation of the subroutine between each
step. 50     The benefits of the invention may be obtained regardless of
the particular type of stepping motor used. While a permanent magnet motor
is disclosed, a variable reluctance motor may be used. The number of poles
on the stator and the rotor of the particular stepping motor used is not
significant in obtaining the benefits of the invention. While the method
disclosed utilizes full stepping of the motor, half stepping or
microstepping may also be used in connection with the invention. 55 7    EP
0 244 150 B1 Claims 1. An apparatus for positioning a magnetic read/write
head (20) in a cartridge tape drive, comprising: a magnetic head (20); 5
a stepping motor (60) with a rotor (64); a member (40) coupled to the
magnetic head (20) and the motor (60) for translating an angular
displacement of the rotor (64) to a linear displacement of the magnetic
head (20): a circuit for generating a reverse excitation by supplying to
the motor (60) a voltage pulse tending to cause the rotor (64) to occupy a
first position within the motor (60) and for generating a forward 10
excitation by supplying to the motor (60) a voltage pulse tending to cause
the rotor (64) to occupy a second position which is angularly displaced
from the first position by a single step; and a driving circuit coupled to
the generating circuit for causing the rotor (64) to move through a
predetermined number of steps, each of which is produced by supplying to
the motor (60) a sequence of said voltage pulses, said apparatus being
characterized by: 15         a first pulse applying a rotational force to
the rotor (64) in a forward direction; a second pulse applying a rotational
force to the rotor (64) in a backward direction: a third pulse applying a
rotational force to the rotor (64) in a forward direction; a fourth pulse
applying a rotational force to the rotor (64) in a backward direction: and
a fifth pulse applying a rotational force to the rotor (64) in a forward
direction; 20         said pulses of one sequence having a constant width
and said pulse width of pulses applying a rotational force to the rotor
(64) in a forward direction being within a range of 1.25 to 2 times the
width 



of the pulses applying a rotational force to the rotor (64) in a backward
direction. 2. An apparatus as claimed in Claim 1, wherein the stepping
motor (60) is a two-stack, four-phase motor 25     (60) having twenty-four
magnetic poles whereby the rotor (64) rotates through an angle of
substantially 15  per step. 3  An apparatus as claimed in Claim 1, wherein
the ratio is substantially equal to 1.5. 30  4. An apparatus as claimed in
any one of Claims 1-3, where the number of reverse excitations supplied to
the motor (60) during a single step lies in the range of 2 to 8. 5. An
apparatus as claimed in any one of Claims 1-4, wherein each of the reverse
excitations is of substantially equal duration. 35 6. An apparatus as
claimed in any one of Claims 1-5, wherein a predetermined delay is provided
between each step in the predetermined number of steps. 7. An apparatus as
claimed in any one of Claims 1-6, wherein each of the predetermined number
of steps 40     is produced by the same sequence of excitations. &  An
apparatus as claimed in any one of Claims 1-7, wherein said sequence of
voltage pulses is conducted in a series. 45  9. A method of driving a
stepping motor (60) a plurality of steps comprising the steps of: a.
generating a reverse excitation tending to cause the rotor (64) of the
stepping motor (60) to occupy a first angular position within the motor
(60); b. generating a forward excitation tending to cause the rotor (64) to
occupy a second angular position which is angularly displaced from the
first position by a single step; 50       c. causing the rotor (64) to move
through a predetermined number of steps, each of which is produced by
supplying to the motor (60) a sequence of voltage pulses, said method being
characterized by the steps of: providing a first pulse for applying a
rotational force to the rotor (64) in a forward direction; providing a
second pulse for applying a rotational force to the rotor (64) in a
backward direction; 55           providing a third pulse for applying a
rotational force to the rotor (64) in a forward direction; providing a
fourth pulse for applying a rotational force to the rotor (64) in a
backward direction; and providing a fifth pulse for applying a rotational
force to the rotor (64) in a forward direction; 8    EP 0 244 150 B1 said
pulses of one sequence having a constant width and said pulse width of
pulses applying a rotational force to the rotor (64) in a forward direction
being within a range of 1.25 to 2 times the width of the pulses applying a
rotational force to the rotor (64) in a backward direction. 5  10. A method
as claimed in Claim 9, wherein the ratio is substantially equal to 1.5. 11.
A method as claimed in any one of Claims 9-10, wherein the number of
reverse excitations supplied to the motor (60) during a single step lies in
the range of 2 to 8. 10  12. A method as claimed in any one of Claims 9-11,
wherein each of the reverse excitations is of substantially equal duration.
13. A method as claimed in any one of Claims 9-12, additionally comprising
the step of including a predetermined delay between each step in the
predetermined number of steps. 15 14. A method as claimed in any one of
Claims 9-13, wherein each of the predetermined number of steps is produced
by the sequence of excitations. Patentanspriche 20 1. Einrichtung zum
Positionieren eines magnetischen Lese/Schreib-Kopfes (20) in einer
Kassetten-Band- antriebsvorrichtung mit. einem Magnetkopf (20), einem
Schrittmotor (60) mit einem Rotor (64), 25     einem an den Magnetkopf (20)
und den Motor (60) gekoppelten Teil (40) zur Umsetzung einer 



Winkelverschiebung des Rotors (64) in eine lineare Verschiebung des
Magnetkopfes (20), einem Kreis zur Erzeugung einer R~ckwartserregung durch
Anlegen eines Spannungsimpulses an den Motor (60), welcher dazu neigt, zu
bewirken, daB der Rotor (64) eine erste Position in dem Motor (60) einnimmt
und zur Erzeugung einer Vorwartserregung durch Anlegen eines
Spannungsimpulses an den 30     Motor (60), welcher dazu neigt, zu
bewirken, daB der Rotor (64) eine zweite Position einnimmt, die
winkelmal~ig von der ersten Position durch einen einzigen Schritt enffernt
ist, und einem an den Kreis gekoppelten Antriebskreis, der bewirkt, daB der
Rotor (64) sich um eine vorbe- stimmte Anzahl von Schritten bewegt, von
denen jede durch Anlegen einer Folge der Spannungsimpul- se an den Motor
(60) erzeugt wird, wobei die Einrichtung dadurch gekennzeichnet ist, daB:
S5     ein erster Impuls eine Drehkraft an den Rotor (64) in einer
Vorwartsrichtung anlegt, ein zweiter Impuls eine Drehkraft an den Rotor
(64) in einer RUckwartsrichtung anlegt, ein drilter Impuls eine Drehkraft
an den Rotor (64) in einer Vorwartsrichtung anlegt, ein vierter Impuls eine
Drehkraft an den Rotor (64) in einer RUckwartsrichtung anlegt und ein
f~nfter Impuls eine Drehkraft an den Rotor (64) in einer Vorwartsrichtung
anlegt, 40     und daB die Impulse einer Folge eine konstante Breite
aufweisen und die Impulsbreite Von eine Drehkraft an den Rotor (64) in
einer Vorwartsrichtung anlegenden Impulsen in einem Bereich von 1,25 bis 2
mal der Breite der eine Drehkraft an den Rotor (64) in einer
RUckwartsrichtung anlegenden Impulse ist. 45  2. Einrichtung nach Anspruch
1, bei der der Schrittmotor (60) ein Zwei-Paket Vierphasen-Motor (60) ist,
der vierundzwanzig Magnetpole aufweist, wodurch sich der Rotor (64) pro
Schritt Ober einen Winkel von im wesentlichen 15  dreht. 3. Einrichtung
nach Anspruch 1, bei der das Verhaltnis im wesentlichen 1,5 betragt. 50 4.
Einrichtung nach einem der Anspr~che 1 bis 3, bei der die Anzahl der an dem
Motor (60) wahrend eines einzigen Schrittes angelegtsn RUckwfrtserregungen
in den Bereich von 2 bin 8 liegt. 5. Einrichtung nach einem der AnsprOche 1
bis 4, bei der jede der RUckwartserregungen im wesentlichen 55     die
gleiche Dauer aufweist. 6. Einrichtung nach einem der Ansprlche 1 bis 5,
bei der eine vorbestimmte Verz6gerung zwischen jedem Schritt in der
vorbestimmten Anzahl der Schritte vorgesehen ist. 9    EP 0244 150 B1 7.
Einrichtung nach einem der AnsprUche 1 bis 6, be! der jede der
vorbestimmten Anzahl der Schritte durch dieselbe Folge von Erregungen
erzeugt wird. 8. Einrichtung nach einem der Ansprflche 1 bis 7, bei der die
Folge der Spannungsimpulse in einer Reihe 5      ausgef0hrt wird. 9.
Verfahren zum Antrieb eines Schrittmotors (60) mit einer Mehrzahl von
Schritten, die die folgenden Schritte beinhalten; a. Erzeugen einer
RUckwlrtserregung, die dazu neigt, zu bewirken, daB der Rotor (64) des 10
Schrittmotors (60) eine erste Winkelposition in dem Motor (60) einnimmt; b.
Erzeugen einer Vorwartserregung, die dazu neigt, zu bewirken, daB der Rotor
(64) eine zweite Winkelposition einnimmt, die winkelmaBig von der ersten
Position durch einen einzigen Schritt beabstandet ist; c. Bewirken, daB der
Rotor (64) sich Uber eine vorbestimmte Anzahl von Schritten bewegt, von 15
denen jeder durch Anlegen ainer Folge von Spannungsimpulsen an den Motor
(60) erzeugt wird, wobei das Verfahren durch die folgenden Schritte
gekennzeichnet ist: Erzeugen eines ersten Impulses zum Anlegen einer
Drehkraft an den Rotor (64) in einer Vorwarts- richtung, Erzeugen eines
zweiten Impulses zum Anlegen einer Drehkraft an den Rotor (64) in einer
Rack- 20        wirtsrichtung, Erzeugen sines dritten Impulses zum Anlegen
einer Drehkraft an den Rotor (64) in einer Vorwirts- richtung, Erzeugen
eines vierten Impulses zum Anlegen einer Drehkraft an den Rotor (64) in
einer ROckwarts- 



richtung und 25        Erzeugen eines fUnften Impulses zum Anlegen einer
Drehkraft an den Rotor (64) in einer Vorwirts- richtung, wobei die Impulse
einer Folge eine konstante Breite aufweisen und die Impulsbreite von
Impulsen, die eine Drehkraft an den Rotor (64) in einer Vorwartsrichtung
anlegen, in einem Bereich von 1,25 bis 2 mal der Breite der Impulse, die
eine Drehkraft an den Rotor (64) in einer RUckwirtsrichtung 30
anlegen, Iiegt. 10. Verfahren nach Anspruch 9, bei dem das Verhiltnis im
wesentlichen 1,5 ist. 11. Verfahren nach einem der AnsprOche 9 bis 10, bei
dem die Anzahl der an den Motor (60) angelegten 35     ROckwfrtserregungen
wihrend sines einzigen Schrittes in dem Bereich von 2 bis 8 liegen. 12.
Verfahren nach einem der AnsprOche 9 bis 11, bei der jede der
R~ckwirtserregungen im wesentlichen die gleiche Dauer aufweist. 40  13
Verfahren nach einem der Ansprlche 9 bis 12, bei dem zusitzlich der Schritt
vorgesehen ist, bei dem eine vorbestimmte Verzogerung zwischen jedem
Schritt in der vorbestimmten Anzahl der Schritte enthalten ist. 14.
Verfahren nach einem der AnsprOche 9 bis 13, bei dem jede der vorbestimmten
Anzahl von Schritten 45     durch die Folge der Erregungen erzeugt wird.
Revendliations 1. Dispositif pour positionner une tote magnrtique de
lecture/enregistrement (20) dans un derouleur de so     bande a cartouche,
comportant, une tote magnetique (20); un moteur pas A pas (80) pourvu d'un
rotor (64); un 4ldment (40) coupld & la t8te magndtique (20) et au moteur
(60) pour transformer un ddplacement angulaire du rotor (64) en un
deplacement lindaire de la tOte magndtique (20); 55         un circuit
generateur pour engendrer une excitation arribre en ddlivrant au moteur
(60) une impulsion de tension qui tend a amener le rotor (64) a occuper une
premibre position dans le moteur (60), et pour engendrer une excitation
avant en d~livrant au moteur (60) une impulsion de tension qui tend &
amener le rotor (64) & occuper une seconde position qui est d6calee
angulairement d'un seul 10    pas a partir de la premiere position; et un
circuit de commande couple au circuit generateur pour amener le rotor (64)
a se mouvoir sur un nombre predetormin6 do pas, dont chacun est produit en
delivrant au moteur (60) une s6quence desdites impulsions de tension, le
dispositif etant caract6rise par: 5         une premibre impulsion
appliquant au rotor (64) une force de rotation dans un sens avant; une
deuxieme impulsion appliquant au rotor (64) une force de rotation dans un
sons arribre; une troisieme impulsion appliquant au rotor (64) une force de
rotation dans un sons avant; une quatribme impulsion appliquant au rotor
(64) une force de rotation dans un sens arribre; et une cinquieme impulsion
appliquant au rotor (64) une force de rotation dans un sons avant; 10
OU lesdites impulsions d'une s~quence donn6e ont une largeur constante, et
oi ladite largeur des impulsions appliquant au rotor (64) une force de
rotation dans un sens avant est comprise entre 1,25 et 2 fois la largeur
des impulsions appliquant au rotor (64) une force de rotation dans un sons
arribre. 2. Dispositif selon la revendication 1, dans lequel le moteur pas
a pas (60) est un moteur a quatre phases is     et deux etages (60). ayant
vingt-quatre p8les magnetiques, de sorte que le rotor (64) tourne d'un
angle sensiblement 6gal a 1 5 par pas. 3 Dispositif selon la revendication
1, dans loquel le rapport est sensiblement 6gal a 1,5. 20  4. Dispositif
selon l'une des revendications 1 a 3. dans loquel le nombre d' excitations
arribre d6livr6es au moteur (60) au cours d'un soul pas est compris entre 2
et 8. 5. Dispositif selon l'une des revendications 1 a 4, dans lequel
chacune des excitations arribre a sensiblement la m~me duree. 25 6.
Dispositif selon l'une des revendications 1 a 5, dans lequel un retard
pred6termine est menag6 entre chaque pas dans le nombre pr6d6termin6 de
pas. 



7. Dispositif selon l'une des revendications 1 a 6, dans lequel chaque pas
du nombre predetermin6 de 30     pas est produit par la meme s~quence d'
excitations. 8. Dispositif selon l'une des revendications 1 a 7, dans
lequel ladite sequence d'impulsions de tension est effectuee en serie. 35
9. Proced6 pour actionner un moteur pas a pas sur plusieurs pas, comportant
les 6tapes consistant a: a) engendrer une excitation arriere qui tend a
amener le rotor (64) du moteur pas A pas (60) a occuper une premibre
position angulaire dans le moteur (60); b) engendrer une excitation avant
qui tend & amener le rotor (64) a occuper une seconde position K>
angulaire qui est d6cale angulairement d'un soul pas & partir de la
premiere position; 40       c) amener le rotor (64) a se mouvoir sur un
nombre pred6termine de pas, dont chacun est produit en delivrant au moteur
(60) une sequence d'impulsions de tension, le proc6d6 etant caract~ris6 par
les etapes consistant a: d6livrer une premiere impulsion pour appliquer au
rotor (64) une force de rotation dans un sons avant; 45           delivrer
une deuxibme impulsion pour appliquer au rotor (64) une force de rotation
dans un sons arribre; delivrer une troisibme impulsion pour appliquer au
rotor (64) une force de rotation dans un sons avant; d6livrer une quatribme
impulsion pour appliquer au rotor (64) une force de rotation dans un sons
50       arriere; et delivrer une cinquieme impulsion pour appliquer au
rotor (64) une force de rotation dans un sens avant; oO lesdites impulsions
d'une sequence donnee ont une largeur constante, et ladite largeur des
impulsions appliquant au rotor (64) une force de rotation dans un sons
avant est comprise entre 1,25 55        et 2 fois la largeur des impulsions
appliquant au rotor (64) une force de rotation dans un sens arriere. 10.
Proced6 selon la revendication 9, dans lequel le rapport est sensiblement
egal a 1,5. 11    EP 0 244 150 B1 11. ProcMd4 selon l'une des
revendications 9 et 10, dans lequel le nombre d'excitations arribre
delivrdes au moteur (60) au cours d'un seul pas est compris entre 2 ot 8.
12. Dispositif solon l'une des revendications 9 A 11, dans lequel chacune
des excitations arriere a 5      sensiblement la m8me duroe. 13. ProcMd6
solon l'une des revendications 9 a 12, comportant en outre I'etape
consistant & m6nager un retard preddtermine entre chaque pas dans le nombre
predetermine de pas. 10 14. Proced6 solon l'une des revendications 9 & 13,
dans lequel chaque pas du nombre pr6d6termin4 de pas est produit par la
sequence d'excitations. 15 <>20 25 30 35 40 45 50 55 12    


