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constant current circuit is is provided and connected with the DC-battery
power source while the respec- BACKGROUND OF THE INVENTION
tive stator coils of the stepping motor are directly connected to the
DC-battery power source as well Field of the Invention
5   as via switching elements in the form of transistors and external
resistors to the distributing circuit and The present invention relates to
a drive circuit  the constant current circuit. for a stepping motor and,
more particularly, to a       A further example of the structure of such a
drive circuit for a stepping motor which is capable  drive circuit of a
stepping motor is shown In Fig. 7. of setting the exciting current to be
supplied to  10  Fig. 7 shows the entire structure of a drive circuit each
exciting coil at the optimum value.            for what is called
four-phase two-coil type stepping motor. A drive circuit 10 is composed of
a first Description of the Related Art                       exciting coil
14 and a second exciting coil 16 for supplying magnetic excitation fields
to a rotor 12 A stepping motor has hitherto been used in  15  and a first
drive control circuit 18 and a second equipments such as a floppy disk
drive (hereinun-    drive control circuit 20 for supplying exciting cur-
der referred to as 'FDD") so as to obtain a neces-  rents [err] to the
exciting coils 14 and 16, sary rotational angle. More specifically, in
order to  respectively, in accordance with the pulse signals write or read
necessary data by the access to a      input from an outer host computer.
given track on a floppy disk, for example, it is  20    To the first and
second drive control circuits 18 necessary to position the head for reading
and       and 20, the exciting currents [err]\ are respec- writing in such
a manner as to be settled to the     tively supplied so that the rotor 12
rotates by a predetermined track on the disk. At this time, the
predetermined stepping angle every time one position of the predetermined
track on the disk can  pulse signal is input from the outer host computer.
be represented by the rotational angle of the step-   25  Fig. 8 is a
circuit diagram of the first drive ping motor with respect to the reference
position    control circuit 18. Since the second drive control thereof. In
order to position the head at a given    circuit 20 has a similar structure
to that of the first rotational position of the stepping motor, a stepping
drive control circuit 18, explanation of the structure motor having a
necessary stepping angle is used.     of the second drive control circuit
20 will be omit- A stepping motor is composed of a rotor which   30  ted.
rotates by the angle corresponding to the number        The first drive
control circuit 18 is connected to of supplied pulses, and a plurality of
exciting coils  both ends of the first exciting coil 14 and includes for
generating excitation fields which act on the    a switching circuit 24
(124) for outputting a switch- rotor. The stepping motor is driven by a
drive      ing signal in accordance with the pulse signal input circuit
including a drive control circuit which sup-   35  from the outer host
computer and transistors 26 plies exciting currents to the exciting coils
in cor-  (126), 28 (128) to which a driving voltage [err] is respondence
with the pulse signals input from an     applied from the outer host
computer and which outer host computer. To the drive circuit of the     are
turned on/off in accordance with an ON/OFF stepping motor, a pulse signal
is input from the     signal supplied from the switching circuit 24 (124).
outside of the motor and the circuit supplies a   40      In the drive
control circuit 18, an ON signal is predetermined exciting current to the
exciting coils.  output from either of the switching circuits 24 and The
rotor is rotated by the excitation fields gen-   124, and an OFF signal is
output from the other erated on the exciting coils in correspondence with
switching circuit. When an ON signal is output from the exciting currents.
At this time, an exciting cur-  the switching circuit 24 and an OFF signal
is output rent is supplied to each exciting coil so that a   45  from the
switching circuit 124, the transistors 26 predetermined rotational angle
(hereinunder re-      and 28 are turned on and the transistors 126 and
ferred to as "stepping angle") is provided for the   128 are turned off. An
exciting current [err] flows on rotor every time one pulse signal is input
to the    the exciting coil 14 by the application of the driving drive
circuit.                                       voltage [err]. Reversely,
when an OFF signal is Document JP 55-126 848 (abstract) discloses a   50
output from the switching circuit 24 and an ON driving method of a stepping
motor, wherein the      signal is output from the switching circuit 124,
the driving system is designed to work with reduced      reverse exciting
current lib flows on the exciting power consumption supplied by a
DC-battery pow-      coil 14. In this way, according to the first drive er
source of small capacity. To this end, each       control circuit 18, it is
possible to supply the excit- phase stator coil is supplied by a drive
current  55  ing currents [err] and  [err] the exciting coil 14. which was
controlled by a constant-current circuit      Fig. 9 shows the operation of
a stepping motor so as to be constant. In particular, a distributing  using
the drive circuit 10 having the structure circuit for excitation control in
combination with the  shown in Figs. 7 and 8. 2 



3                 EP 0 394 941 B1                      4 Fig. 9(a) shows a
stepping motor in which        plied to the respective exciting coils,
thereby pro- exciting currents [err] flow on the exciting coils  ducing an
error in the stepping angle. For example, 14 and 16, respectively, so that
the rotor 12 rotates  when the exciting currents have the following rela-
clockwise. If the stepping angle [err] is set at 45[err],  tionship due to
nonuniformity, as shown in Fig. 9- the angular displacement [err] from the
reference ra-   5   (b): dius upwardly extending from the center of the
rotor 12 takes eight different values during one     [err] revolution of
the rotor 12. Fig. 9(b) shows the relationship between the exciting
currents  [err] the  the nonuniformity inthe exciting current produces a
angular displacement [err] and the stepping angle es,  10  nonuniformity in
the excitation fields and, hence, a and the number of pulse signals
supplied from the    nonuniformity in the gravities or repulsions. The
outer host computer to the drive circuit 10.         stepping angle es does
not therefore agree with the When a pulse signal is input from the outer
desired stepping angle [err](45[err] in Fig. 9(b)) and host computer in the
state in which the angular     takes a value [err] which contains a
displacement [err] is 0, the exciting currents [err]  15  stepping angle
error [err] caused by the non- flowing on the exciting coils 14 and 16 take
pre-    uniformity in the exciting currents. Such a drive determined values
of [err] respectively. The  circuit for a stepping motor causes a
malfunction or predetermined value [err] is the value of an exciting
defective operation of the equipment such as an current which is supplied
to the exciting coil 14    error in writing or reading in equipments such
as when the transistors 26 and 28 are turned on in the   20  an FDD. first
drive control circuit 18 shown In Fig. 8. The other predetermined value
[err] is also the value of   SUMMARY OF THE INVENTION an exciting current
which is similarly supplied to the exciting coil 16 in the second drive
control        Accordingly, it is an object of the present in- circuit 20
having the same structure as the first  25  vention to eliminate the
above-described problems drive control circuit 18. The rotor 12 is rotated
in the related art and to provide a drive circuit for a clockwise by the
stepping angle [err] by the exciting   stepping motor which prevents the
generation of fields generated by the exciting coils 14 and 16 in
nonuniformity in the exciting currents which are accordance with the
exciting currents [err]     supplied to the exciting coils and the
generation of When another pulse signal is input from the   30  an error
due to the nonuniformity in the exciting outer host computer, the exciting
currents [err]  currents thereby obtaining the stepping angle with take the
value of 0 and the predetermined value [err]  improved accuracy.
respectively and the rotor 12 further rotates by the    According to the
present invention, this object stepping angle [err]
is achieved by a drive circuit for a stepping motor When still another
pulse signal is input from   35  comprising: the outer host computer, the
exciting currents [err]       a plurality of coils for providing exciting
mag- and 12 take the respective predetermined values [err]   netic fields
to said stepping motor, and [err] and the rotor 12 further rotates by the
a drive control circuit for controlling the rotation stepping angle [err]
of a rotor so as to have a predetermined stepping The predetermined value
[err] is the value of an   40  angle by supplying exciting currents to said
excit- exciting current which is supplied to the exciting   ing coils, coil
14 when the transistors 126 and 128 are turned     a constant-current
circuit for controlling said on in the first drive control circuit 18. The
exciting  exciting currents supplied to the respective exciting current
[err] is a current flowing in the reverse direc-  coils so as to have the
same value, tion to the exciting current [err]               45      a
constant-current setting circuit for setting a According to the drive
circuit 10, it is possible  desired output current value of the constant
current to obtain a stepping motor which is capable of       source, and
outputting the rotational angle by the unit of the      an externally
attached variable resistance con- stepping angle [err] if necessary, by
displacing the   nected to said constant-current setting circuit,
rotational angle of the rotor 12 by the unit of the   50  said drive
circuit being characterized by fur- stepping angle [err] in accordance with
the pulse      ther comprising: signal which is input from the outer host
computer      a control circuit for controlling said constant- in series.
current setting circuit by adjusting said variable However, the drive
circuit for a conventional    resistance in accordance with the desired
operating stepping motor having the above-described struc-  55  conditions
of the stepping motor. ture is disadvantageous in that nonuniformity in the
According to the present invention, the exciting 



resistances of the exciting coils or the like pro-   currents flowing on
the respective exciting coils are duces nonuniformity in the exciting
currents sup-    so controlled as to have the same value by the 3    5
EP 0 394 941 B1                      6 constant-current circuit. Therefore,
the exciting      Fig. 1 shows the entire structure of a first fields
generated on the exciting coils by the excit-  embodiment of a drive
circuit for a four-phase two- ing currents become the same. In this way,
the     coil stepping motor according to the present inven- generation of
an error in the stepping angle of the  tion. In Fig. 1, the first and
second drive control rotating rotor is prevented and the stepping angle   5
circuits 18 and 20 for supplying exciting currents to is obtained with
improved accuracy.                the first and second exciting coils 14
and 16 supply The above and other objects, features and ad-   a constant
current [err] to the respective exciting coils vantages of the present
invention will become clear  14, 16 under the control of a constant-current
cir- from the following description of the preferred em-  cult 30, which
characterizes the present invention. bodiments thereof, taken in
conjunction with the   10  In this embodiment, the first drive control cir-
accompanying drawings.                             cuit 18 and the
constant-current circuit 30, which characterizes the present Invention,
have the struc- BRIEF DESCRIPTION OF THE DRAWINGS                  ture
shown in Fig. 2. In Fig. 2, the constant-current circuit 30 is Fig. 1 shows
the entire structure of a first em-   15  composed of a constant-current
source 32 (132) bodiment of a drive circuit for a stepping motor  which is
connected to the switching circuit 24 (124) according to the present
invention;              from which an ON/OFF signal having the inverse Fig.
2 is a circuit diagram of the first embodi-  value to the ON/OFF signal
supplied to the transis- ment shown in Fig. 1;
tor 26 (126) is supplied so that the current output Is Figs. 3(a) and 3(b)
are explanatory views of the   20  turned on/off, a transistor 34 (134)
which is con- operation of the first embodiment shown in Fig.  nected to
the constant-current source 32 (132) and 1, wherein
the base of which is connected to the base of the Fig. 3(a) shows the
angular displacement there-  transistor 128 (28) so as to constitute a
current of, and                                          mirror circuit, a
constant-current setting circuit 36 Fig. 3(b) shows the pulsating operation
thereof;   25  for setting the output current lo of the constant- Fig. 4
shows a second embodiment of a drive      current source 32 (132), and a
monitor resistance circuit for a stepping motor according to the
[err]which relates to the setting of the output current present invention,
wherein the constant current  [err] is switched in accordance with the
stage of step    In Fig. 2, the constant current [err] of the con- seeking
of the head;                        30  stant-current source 32 (132) is
set by the con- Fig. 5 shows the timing chart for the switching
stant-current setting circuit 36 so that the current is operation of the
constant-current circuit shown in  which flows to the monitor resistance Rs
and [err] are Fig. 4 and the movement of the head;             proportional
to each other. The constant current [err] Fig. 6 is a flowchart of the
control of the control  is supplied to the transistor 34 (134), and the
circuit in the second embodiment;           35  current mirror circuit
constituted by the transistors Fig. 7 shows the entire structure of a
conven-   34 (134) and 128 (28) causes the current which tional drive
circuit for a stepping motor;       flows to the transistor 128 (28) to
have the same Fig. 8 is a circuit diagram of the conventional  value as the
constant current [err]. drive circuit shown in Fig. 7;
According to the constant-current circuit 30 Figs. 9(a) and 9(b) are
explanatory views of the   40  having the above-described structure, the
exciting operation of the conventional drive circuit shown  current [err]
supplied to the exciting coil 14 through in Fig. 7, wherein
the transistor 26 and the exciting current [err] sup- Fig. 9(a) shows the
angular displacement there-  plied to the exciting coil 14 through the
transistor of, and                                          126 have the
same absolute value. More specifi- Fig. 9(b) shows the pulsating operation
thereof.   4s  cally, when the transistor 26 is turned on in accor- dance
with the ON signal from the switching circuit DESCRIPTION OF THE PREFERRED
EMBODI-               24, the current output of the constant-current MENTS
source 32 is turned off, the transistor 126 Is turned off in accordance
with the OFF signal from the Preferred embodiments of a drive circuit for a
50  switching circuit 124 and the current output of the stepping motor
according to the present invention  constant-current source 132 is turned
on, the tran- will be explained hereinunder with reference to the  sistors
26 and 28 are turned on and the exciting accompanying drawings. The same
numerals are       current It supplied to the exciting coil 14 takes the 



provided for the elements which are the same as    same value as the
current flowing to the transistor those in the conventional drive circuit
shown in  55  134, namely, the constant current [err] due to the Figs. 7
and 8, and explanation thereof will be     current mirror circuit
constituted by the transistors omitted.
28 and 134. Reversely, when the transistor 126 is turned on in accordance
with the ON signal from 4    7                 EP 0 394 941 B1
8 the switching circuit 124, the current output of the  lected in advance.
The resistance Ra determines constant-current source 132 is turned off, the
tran-  the starting current applied when a seek command sistor 26 is turned
off in accordance with the OFF  is supplied to the stepping motor and the
resis- signal from the switching circuit 24 and the current  tances [err]
respectively determine the cur- output of the constant-current source 32 is
turned   5   rents necessary at the time of seeking after starting on, the
transistors 126 and 128 are turned on and  with respect to different
stepping rates of step the exciting current [err] supplied to the exciting
coil  pulses, as will be described later in detail. The 14 takes the same
value as the current flowing to  resistance Rc determines the current
applied at the the transistor 34, namely, the constant current [err]  time
of settling for positioning the read/write head due to the current mirror
circuit constituted by the   10  at a predetermined track, and the
resistance Rd transistors 128 and 34.                            determines
hold current applied at the time of As shown in Fig. 1, since the
constant-current  reading/writing. circuit 30 is connected to the second
drive control    To select a resistance from these resistances, circuit 20
in the same manner as to the first drive  transistors 201 to 206 are
connected to the respec- control circuit 18, the exciting current 12
flowing on   15  tive resistances, and a base current is supplied the
second exciting coil 16 has the same value as  from a control circuit 210
to the base of each the constant current [err] in the same way as the
transistor, so that only the selected transistor is exciting current [err]
flowing on the first exciting coil  turned on and the resistance connected
to the 14.                                                selected
transistor determines the current value of The operation of the drive
circuit 10 of this  20  the constant-current setting circuit 36. embodiment
is shown in Fig. 3.                         To the control circuit 210, a
step pulse is In this embodiment, the stepping angle [err]       supplied
and a signal for selectively switching each agrees with the desired value
[err] (45  in Fig. 3).  transistor is output from the control circuit 210.
Since the exciting currents [err] supplied to the  Fig. 5 shows an example
of a change In the exciting coils 14 and 16 are bidirectional currents  25
average driving current due to a change in the having the same value as the
constant current [err] by  constant current at the time of application of a
step virtue of the constant-current circuit 30, the exciting  pulse and the
movement of the head. fields generated on the exciting coils 14 and 16 by
In Fig. 5, the step pulse is composed of a train the exciting currents
[err] having the same    of seven pulses having the standard pulse rate,
value also have the same value. The gravities and   30   which is set at 4
to 5 ms. the repulsions caused by the exciting coils 14 and     The step
pulse is shown in Fig. 5(A), and the 16 also have the same value, whereby
the angular   average current is selected in accordance with the
displacement [err] is produced on the rotor 12 by the  movement of the head
in this embodiment, as unit of a desired stepping angle [err]
shown in Fig. 5(B). The selection of the average Therefore, according to
the drive circuit 10 of  35  current is determined by the selection of a
resis- this embodiment, since the exciting currents are   tance from the
resistances Ra to Rd in Fig. 4. caused to have the same value by the
constant-         Actually, the head moves a predetermined time current
circuit 30, no error caused by the non-    behind the application of a step
pulse, as well uniformity in the exciting currents is contained in  known.
Fig. 5(C) shows an example of the move- the stepping angle [err], whereby
it is possible to  40   ment of the head, wherein the abscissa represents
control the rotation of the rotor 12 and achieve the  the elapse of time
and the ordinate the position of improvement of the accuracy of the
stepping angle  the track. On the assumption that the head is of the
stepping motor.                             situated at the track 0 at the
initial value, the state Fig. 4 shows a second embodiment of the        in
which the head moves to the track 7 in accor- present invention. The same
numerals are provided   45  dance with the seven pulses each of which sup-
for the elements which are the same as those in     plies a positional
command to the stepping motor the first embodiment shown in Fig. 2, and
explana-  is shown. The positional command is indicated by tion thereof
will be omitted.                      the steplike line. The second
embodiment is characterized in          As is clear from Fig. 5(B), the
movement of the that a constant-current circuit 230 sets different  so
head is divided into five stages. At the starting 



constant current values in accordance with the     stage Ta during the
period between the application stage of step seeking. For this purpose, the
fixed  of a pulse and the start of the the stepping motor, a resistance
[err] attached to the constant-current set-  comparatively large current is
applied, and the ting circuit 36 Is varied In accordance with the state
starting current Is generated by the resistance Ra of step seeking.
55  shown in Fig. 4. In this embodiment, different resistances are      In
this embodiment, the starting stage is de- represented by a plurality of
resistances Ra, [err],  fined by a predetermined time Ta elapsed from the
[err] Rc and Rd having different values se-    application of the first
pulse. 5    9                 EP 0 394 941 B1                    10
Therefore, the starting time Ta takes a constant  selection of the average
current is carried out by value irrespective of the variation of the
stepping  the switching of the resistances which are con- rate, but the
starting time may naturally be       nected to the constant-current setting
circuit 36. changed as desired in the present invention.           At the
time of seeking [err], the average current When the initial start of the
motor is finished,   5   is set at a different value on the basis of the
the process moves to the actual seeking operation.  difference in the
stepping rate by changing over At the seeking stage represented by the
symbol     the resistance to any of the resistances [err] [err] in Fig.
5(B), the average current is preferably  and [err], as shown in Fig. 5(B).
set at the minimum current necessary for seeking       Fig. 6 shows the
operation of the control circuit the head, thereby enabling great reduction
in the   10  210 for switching the resistances so as to switch current
consumed.                                  the average currents shown in
Fig. 5(B) in the In this embodiment, the current applied at the  following
manner. seeking stage [err] is determined by the resistance      At the
step 301, the supply of a step pulse is Rbl shown in Fig. 4, and the
current at the seeking  waited for, and when a step pulse is applied, the
stage varies in accordance with the stepping rate.    15  base current is
supplied from the control circuit In Fig. 5(B), when the stepping rate is
high,   210 to a transistor 201 at the step 302, whereby since the head Is
sought at a high speed, the      the fixed resistance Ra is selected as the
resis- average current is set at a high value as indicated  tance of the
constant-current setting circuit 36. by the broken line, while when the
stepping rate is   In this way, a comparatively large, starting cur- low,
the average current Is set at a low value as   20  rent is obtained at the
time of the start of the indicated by the chain line.
stepping motor, as described above. By the time when the seeking operation
is          At the same time with the selection of the finished in Fig.
5(B), the head has been moved to  resistance Ra at the time of starting,
the stepping the track 7 in accordance with the command, as     rate T is
measured at the step 303, and the mea- shown in Fig. 5(C). The movement is
carried out a   25  sured stepping rate T is stored. predetermined time
behind the application of the       The supply of the starting current is
continued step pulse 7, but the head itself reaches the correct  for the
predetermined time Ta from the application track position with the delay.
of the first step pulse, and the duration is mon- Since the head itself is
moved with an over-   itored at the step 304. shoot, as shown in Fig.5(C),
the settling stage is  30  Therefore, the supply of the comparatively set
as the third stage in order to determine the   large current at the time of
starting is continued for actual position with accuracy. At the settling
stage  the predetermined time Ta irrespective of the step- Tc, a
comparatively large current is supplied again  ping rate, and for example,
when the stepping rate in the same way as at the time of starting, the
is standard or high, two step pulses are supplied current value at this
time being determined by the   35  during the starting period, while when
the stepping resistance Rc shown in Fig. 4.                     rate is
low, one step pulse is counted. In this embodiment, the current applied at
the     When the starting stage Ta is finished, judge- time of settling is
set at a constant value irrespec-  ment is made as to whether the stepping
rate T tive of the stepping rate, whereby the head is     measured at the
step 303 is high, standard or low positioned at the correct position with
an overshoot.  40  at the steps 305, 306 and 307, respectively. When the
position of the head is determined at     In this embodiment, the standard
stepping rate the settling stage Tc, the process proceeds to the  is about
4 to 5 ms, as described above, and the holding stage Td as the fourth stage
in order to   low stepping rate is set at about 6 ms, while the hold the
position of the head. At this stage at which  high stepping rate is set at
about 3 ms. the correct position of the head is only held, a   45
Therefore, when the stepping rate T equals to small average current is
supplied to the stepping  about 3 ms, the process proceeds from the step
motor. The average current at this time is deter-  305 to the step 308 at
which the base current is 



mined by the resistance Rd shown in Fig. 4.        supplied from the
control circuit 210 to a transistor At the holding stage Td, the head
carries out   203 so as to select the resistance Rb2 for obtaining the
reading or writing operation.              50   a comparatively large
current value in accordance In Fig. 5(B), when the holding operation is
with the high stepping rate. By switching the resis- finished, the process
proceeds to the standby      tances, it Is possible to cause the average
current stage Te at which the supply of the current to the  at the time of
seeking to have a predetermined stepping motor is stopped.
amount lower value than the average current at the As described above, it
will be understood that  55  time of starting. according to this
embodiment, different average       When the stepping rate T is standard
the currents are selected in the respective stages of  process proceeds
from the step 306 to the step the rotation of the stepping motor, and that
the   309 at which the base current is supplied from the 6    11
EP 0 394 941 B1                     12 control circuit 210 to a transistor
202 so as to     a predetermined track. The drive circuit includes a select
the resistance [err], as shown in Fig. 5.       plurality of exciting coils
for providing exciting When the stepping rate T is low, the process
fields to a rotor and supplies an exciting currents In proceeds from the
step 307 to the step 310 at        the forward or reverse direction by a
predeter- which the base current is supplied from the control   5   mined
combination to each of the exciting coils. A circuit 210 to a transistor
204 so as to select the  constant-current circuit is provided so as to
cause resistance Rb3.                                     the exciting
current flowing on each exciting coil to In this way, the resistance is
selected and the  have a constant value. The constant-current circuit
constant current is set at the time of seeking, and  includes a current
mirror circuit with the slave the selected constant current is supplied to
the   10  branch connected to the exciting coils and the stepping motor
until all the step pulses have been   master branch contained in the
constant-current supplied.
circuit. The constant-current circuit further includes At the step 311,
whether or not the stepping     a constant-current source for supplying a
constant rate T exceeds a predetermined value, 8 ms in this   current to
the master branch of the current mirror embodiment, is judged. Since the
ordinary step-   15  circuit and a constant-current setting circuit for
ping rate is not more than 8 ms, when the stepping   setting the constant
current as desired. rate T exceeds 8 ms, the application of step pulses
By making the currents flowing on the exciting is judged to have been
finished.                     coils uniform, the seeking positional
accuracy of At the step 312, the stepping rate T is mea-     the read/write
head is improved. sured for the step 311.                         20 When
the supply of step pulses is completed,     Claims the base current is
supplied from the control circuit 210 to a transistor 205 so as to select
the resis-   1. A drive circuit for a stepping motor comprising: tance Rc
at the time of settling Tc at the step 313,        a plurality of coils
(14, 16) for providing thereby setting the settling current.           25
exciting magnetic fields to said stepping motor The settling time Tc is set
at a predetermined       (12, 14, 16), value, and at the step 314, the
duration is mea-            a drive control circuit (18, 230) for control-
sured so as to detect the completion of the settling.    ling the rotation
of a rotor (12) so as to have a When the settling operation is finished,
the         predetermined stepping angle (err) by supplying holding current
necessary for the subsequent hold-   30  exciting currents to said exciting
coils (14, 16), ing stage Td is selected by supplying the base
a constant-current circuit (230) for control- current from the control
circuit 210 to a transistor    ling said exciting currents supplied to the
re- 206 so as to select the resistance Rd at the step       spective
exciting coils (14, 16) so as to have 315.
the same value, At the step 315, application of the hold current   35    a
constant-current setting circuit (36) for is continued for a predetermined
time.                  setting a desired output current value of the As
described above, the current value of the         constant current source
(32, 132), and constant-current circuit is selected in accordance
an externally attached variable resistance with each stage of step seeking.
Since the current       (Ra, [err], Rc, Rd) connected to said supplied to
the stepping motor is held at a constant  40  constant-current setting
circuit (36), value without generating nonuniformity at any            said
drive circuit being characterized by stage, it is possible to greatly
reduce the error in    further comprising: the positioning of the stepping
motor.                      a control circuit (210) for controlling said
Thus, according to the present invention, it is      constant-current
setting circuit (36) by adjust- 



possible to improve the accuracy of the stepping   45   ing said variable
resistance (Ra, [err] angle by preventing the generation of an error in
[err], Rc, Rd) in accordance with the desired the stepping angle due to
nonuniformity in the           operating conditions of the stepping motor
(12, exciting currents by so controlling the exciting cur-    14, 16).
rents as to have the same value. While there has been described what are at
50  2. A drive circuit according to claim  1, being present considered to
be preferred embodiments          characterized in that said drive control
circuit of the invention, it will be understood that various    (18, 230)
is provided with transistors (26, 28, modifications may be made thereto,
and it is in-         126, 128) for supplying exciting current in both
tended that the appended claims cover all such          forward and reverse
directions to said respec- modifications as fall within the true spirit and
scope   55  tive exciting coils (14, 16). of the invention. A drive circuit
for a stepping motor which       3  A drive circuit according to claim 2,
being seeks the read/write head of an FDD or the like to      characterized
in that said constant-current cir- 7    11                 EP 0 394 941 B1
12 * C   L   M   S * control circuit 210 to a transistor 202 so as to     a
predetermined track. The drive circuit includes a select the resistance
[err] as shown in Fig. 5.       plurality of exciting coils for providing
exciting When the stepping rate T is low, the process     fields to a rotor
and supplies an exciting currents in proceeds from the step 307 to the step
310 at        the forward or reverse direction by a predeter- which the
base current is supplied from the control   5   mined combination to each
of the exciting coils. A circuit 210 to a transistor 204 so as to select
the  constant-current circuit is provided so as to cause resistance [err].
the exciting current flowing on each exciting coil to In this way, the
resistance is selected and the  have a constant value. The constant-current
circuit constant current is set at the time of seeking, and  includes a
current mirror circuit with the slave the selected constant current is
supplied to the   10  branch connected to the exciting coils and the
stepping motor until all the step pulses have been   master branch
contained in the constant-current supplied.
circuit. The constant-current circuit further Includes At the step 311,
whether or not the stepping     a constant-current source for supplying a
constant rate T exceeds a predetermined value, 8 ms in this   current to
the master branch of the current mirror embodiment, is judged. Since the
ordinary step-   15  circuit and a constant-current setting circuit for
ping rate is not more than 8 ms, when the stepping   setting the constant
current as desired. rate T exceeds 8 ms, the application of step pulses
By making the currents flowing on the exciting is judged to have been
finished.                     coils uniform, the seeking positional
accuracy of At the step 312, the stepping rate T is mea-     the read/write
head is improved. sured for the step 311.                         20 When
the supply of step pulses is completed,      Claims the base current is
supplied from the control circuit 210 to a transistor 205 so as to select
the resis-   1. A drive circuit for a stepping motor comprising: tance Rc
at the time of settling Tc at the step 313,        a plurality of coils
(14, 16) for providing thereby setting the settling current.           25
exciting magnetic fields to said stepping motor The settling time Tc is set
at a predetermined       (12,14, 16), value, and at the step 314, the
duration is mea-            a drive control circuit (18, 230) for control-
sured so as to detect the completion of the settling.   ling the rotation
of a rotor (12) so as to have a When the settling operation is finished,
the         predetermined stepping angle (err) by supplying holding current
necessary for the subsequent hold-   30  exciting currents to said exciting
coils (14, 16), ing stage Td is selected by supplying the base
a constant-current circuit (230) for control- current from the control
circuit 210 to a transistor     ling said exciting currents supplied to the
re- 206 so as to select the resistance Rd at the step        spective
exciting coils (14, 16) so as to have 315.
the same value, At the step 315, application of the hold current  35     a
constant-current setting circuit (36) for is continued for a predetermined
time.                   setting a desired output current value of the As
described above, the current value of the         constant current source
(32, 132), and constant-current circuit is selected in accordance
an externally attached variable resistance with each stage of step seeking.
Since the current       (Ra, [err] Rc, Rd) connected to said -  supplied to
the stepping motor is held at a constant   40  constant-current setting
circuit (36), 



value without generating  nonuniformity at any           said drive circuit
being characterized by stage, it is possible to greatly reduce the error in
further comprising: the positioning of the stepping motor.
a control circuit (210) for controlling said Thus, according to the present
invention, it is      constant-current setting circuit (36) by adjust-
possible to improve the accuracy of the stepping   45    ing said variable
resistance (Ra, [err] angle by preventing the generation of an error in
Rb3, Rc, Rd) in accordance with the desired the stepping angle due to
nonuniformity in the           operating conditions of the stepping motor
(12, exciting currents by so controlling the exciting cur-    14, 16).
rents as to have the same value. While there has been described what are at
50   2. A drive circuit according to claim  1, being present considered to
be preferred embodiments           characterized in that said drive control
circuit of the invention, it will be understood that various    (18, 230)
is provided with transistors (26, 28, modifications may be made thereto,
and it is in-         126, 128) for supplying exciting current in both
tended that the appended claims cover all such          forward and reverse
directions to said respec- modifications as fall within the true spirit and
scope   55  tive exciting coils (14, 16). of the invention. A drive circuit
for a stepping motor which       3. A drive circuit according to claim 2,
being seeks the read/write head of an FDD or the like to
characterized in that said constant-current cir- 7    13                 EP
0 394 941 B1                     14     [err] * C   L   M   S  * cuit (230)
includes a transistor (34, 134) the       14,16), base of which is
connected in common both to         einer Treibersteuerschaltung (18, 230)
zum the base of a transistor (128) for exciting a        Steuern der
Drehung eines Ankers (12)i um forward current and to the base of a
transistor      einen vorbestimmten Schrittwinkel (9): durch (28) for
exciting a reverse current, thereby    5    ZufUhren von Erregerstromen zu
den Erreger- constituting a current mirror, and that the con-     spulen
(14, 16) zu erhalten, stant current source (32, 132) supplies a pre-
einer Konstantstromschaltung (230) zum Steu- determined constant current to
the current mir-      em der den jeweiligen: Erregerspulen' (14, 16) ror
transistors (34,128, 28,134).                    zugef~hrten Erregerstrome,
damit diese. den 10      gleichen Wert erhalten, 4. A drive circuit
according to claim  1, being         einer Konstantstrom-Einstellschaltung
(36) zum characterized in that said constant-current set-     Einstellen
einer gewlnschten Ausgangsstrom- ting circuit (36) is provided in common
with         stdrke der Konstantstromquelle (32, 132), und said current
mirror circuit for flowing the excit-   einem au~en angegliederten,. mit
der Konstant- ing currents in the forward and reverse direc-   15
strom-Einstellschaltung (36) verbundenen, Ver- tions.
Anderlichen Widerstand (Ra, Rb1, Rb2, Rba, Rc, Rd), 5. A drive circuit
according to claim  1, being         gekennzelchnet durch characterized in
that the value of said exter-       eine Steuerschaltung (210) zum Steuem
der nally attached variable resistance (Ra, [err]   20
Konstantstrom-Einstellschaltung (36) durch An- [err] Rc, Rd) is varied to a
different value     passen des veranderlichen Widerstands (Ra, in
accordance with the lapse of time of motor        Rb, Rb2, Rbs,. Rc, Rd)
gemal8 den erwtnsch- seeking.
ten  Betriebsbedingungen. des Schrittmotors (12,.14, 16).. 6. A drive
circuit according to claim  1, being   25 characterized in that said
externally attached   2. Treiberschaltung nach Anspruch 1, variable
resistance (Ra, [err], Rc, Rd)      dadurch gekennzelchnet daR is divided
into a resistance (Ra) at the time of     die Treibersteuerschaltung (18,
230) mit Tran- starting, a resistance (Rc) at a time of settling
sistoren (26, 28, 126, 128) zum Zuffhren eines and a resistance (Rd) at the
time of holding.  30    Erregerstroms zu den jeweiligen Erregerspulen (14,
16) in sowohl Vorwarts- als auch RUck- 7. A drive circuit according to
claim 6, being          wartsrichtung ausgestattet-ist. characterized in
that said resistance (Ra) at the time of starting is selected for a
predetermined  3. Treiberschaltung nach Anspruch 2 time in succession from
the application of a   35    dadurch gekennzelchnet, daB first step pulse.
die Konstantstromschaltung (230) elnen Transi- 



stor (34, 134) enthilt, dessen Basis sowohl.mit 8.  A drive circuit
according to claim 5, being          der Basis eines Transistors (128) zum
Erregen characterized in that said resistance (err)     eines
Vorw~rtsstromes als auch mit der Basis Rb3) selected at the time of seeking
is set at a   40  eines Transistors (28) zum Erregen eines ent- different
value in accordance with the stepping      gegengesetzten Stromes gemeinsam
verbun- rate.                                                den ist,
wodurch ein Stromspiegel gebildet wird, und daB die Konstantstromquelle
(32, 9. A drive circuit according to claim  1, being          132) einen
vorbestimmten Konstantstrom  zu characterized in that a plurality of types
of  45    den Stromspiegeltransistoren (34, 128, 28, resistances are
adopted as said externally at-       134) leitet. tached variable
resistance (Ra,[err] Rc, Rd) which is connected to said constant-     4.
Treiberschaltung nach Anspruch 1, current setting circuit (36), and said
control       dadurch gekennzelchnet, daB circuit (210), included in said
constant-current  50  die Konstantstrom-Einstellschaltung (36) ge- circuit,
(230) switches said resistances by the      meinsam  mit der
StromspiegelschaltUng ge- application of a step pulse.
schaffen ist, damit die Erregerstr6me in die Vorw~rts- und
ROckwartsrichtungen flieBen; PatentansprUche ss   5. Treiberschaltung nach
Anspruch 1, 1. Treiberschaltung far einen Schrittmotor, mit:        dadurch
gekennzelchnet, daB einer Vielzahl von Spulen (14, 16) zum Bilden
der Wert des auBen angegliederten veranderli- von Erregermagneffeldern im
Schrittmotor (12,        chen Widerstands (Ra, Rbi, Rb2, Rb3, Rc, Rd) 8
15                 EP 0 394 941 B1                    16   1 11111111111111
111I 11 lIII * C   L  N   S * _,    gem9S dem Zeitablauf des
Motorsuchvorgangs           de reglage de courant constant (36), in einen
verschiedenen Wert ge~ndert wird.          [edit circuit d'attaque dtant
caract~ris4 en ce qu'il comporte en outre: 6. Treiberschaltung nach
Anspruch 1,                   un circuit de commande (210) pour comman-
dadurch gekennzelchnet, daB                5       der le circuit de
r~glage de courant-constant der auten angegliederte verarnderliche Wider-
(36) par rdglage de la resistance variable (Ra, stand (Ra, Rb1, Rb2, Rb3,
Rc, Rd) in einen          Rb1, Rb2, Rbe, Rc, Rd) en fonction des condi-
Widerstand (Ra) zur Startzeit, einen Wider-        tions de fonctionnement
souhait6es du: moteur stand (Rc) zur Zeit des Absetzvorgangs und in
pas a pas (12,14, 16). einen Widerstand (Rd) zur Zeit des Haltevor-  10
gangs unterteilt !st.                           2. Circuit d'attaque selon
la revendication 1, ca- ract6rlse en ce que le circuit de commande 7.
Treiberschaltung nach Anspruch 6,                   d'attaque (18, 230) eat
muni de transistors (26, dadurch gekennzelchnet, daB
28, 126, 128) destinds a alimenter les bobines der Widerstand (Ra) zur
Startzelt ffIr elne vor-  i5  d'excitations respectives (14, 16) en courant
bestimmte Zelt, nachfolgend auf das Anlegen        d'excitation dans les
sens direct et inverse. eines ersten Schrittimpulses, ausgewAhIt wird. 3.
Circuit d'attaque selon la revendication 2, ca- 8. Treiberschaltung nach
Anspruch 5,                   ract6rise en ce que le circuit de courant
dadurch gekennzelohnet, daB                20      constant (230) comporte,
un transistor (34, 134) der zur Zeit des Suchvorgangs ausgewAhlte
dont la base eat relide en ligne commune a la Widerstand (Rb1, Rb2, Rb3) in
Obereinstim-         fois a la base d'un transistor (128) destin6 a mung
mit der Schrittrate auf einen verschiede-     exciter un courant direct, et
a la base d'un nen Wert gesetzt wird.
transistor (28) destln4 & exciter un courant 25      inverse, constituant
ainsi un. miroir de courants, 9. Treiberschaltung nach Anspruch 1,
et en ce que la source de courant constant dadurch gekennzelchnet, daB
(32, 132) fournit un courant constant determin4 eine Vieizahl von
Widerstandsarten als der au-     aux transistors (34, 128, 28, 134) du
miroir de Ben angegliederte veranderliche Widerstand         courants. (Ra,
RbJ, Rb2, Rba, Rc, Rd), der mit der  so Konstantstrom-Einstellschaltung
(36) verbun-   4. Circuit d'attaque selon la revendication .1, ca- den ist,
verwendet wird, und die in der Kon-        ractdris6 en ce qua le circuit
de r6glage de 



stantstromschaltung (230) enthaltene Steuer-       courant constant (36).
eat alimente en commun schaltung (210) die Widerstande durch das
avec le circuit de miroir de courants pour-faire Anlegen eines
Schrittimpulses schaltet.    35       circular lea courants d'excitation
dans lea sens direct et inverse. Revendlcatlons 5. Circuit d'attaque selon
la revendication 1, ca- 1. Circuit d'attaque pour un moteur pas a pas
ractris4 en ce que la valeur de la resistance comprenant:
40      variable (Ra, Rb1, Rb2, Rb3, Rc, Rd) fixse & une pluralite de
bobines (14, 16) destinees a      l'ext6rieur eat varie jusqu'a une valeur
diff- fournir des champs magnetiques excitateurs          rente en fonction
du temps de recherche du au moteur pas a pas (12, 14, 16),
moteur. un circuit de commande d'attaque (18, 230) pour commander la
rotation d'un rotor (12) de   45  6. Circuit d'attaque selon la
revendication 1, ca- facon & obtenir un angle de pas de rotation
racterise en ce que la resistance variable (Ra, d~termin4 (G) par
l'alimentation en courants       Rb1, Rb2, Rb3, Rc, Rd) fix6ea Alexterieur
eat d'excitation des bobines d'excitation (14, 16),    divis~e en une
resistance (Ra) au moment de un circuit de courant constant (230) pour com-
la mise en route, une r6sistance (Rc) au mo- mander les courants
d'excitation foumis aux   so   ment de la stabilisation et une r6sistance
(Rd) bobines d'excitation respectives (14, 16) de       au moment du
maintien. faQon & avoir la mfme valeur, un circuit de rdglage de circuit
constant (38)  7. Circuit d'attaque selon la revendication 6. pour regler
une valeur requise de courant de       caract6ris6 en ce que la r~sistance
(Ra) au sortie de la source de courant constant (32,  55   moment de la
mise en route eat selectionn~e 132), et
pour un temps determine successif a lPapplica- une r6sistance variable (Ra,
Rb1, Rb2, Rbs,        tion de la premiere impulsion de pas. Rc, Rd) fixae A
I extdrieur et relide au circuit 9    17                 EP 0 394 941B1
1    I 1111111 111111 11111 11111 111 * C   L   N S * ^>_3  Circuit
d'attaque selon la revendication 5, ca- ract~ris6 en ce que la resistance
((Rbi, Rb2, Rba) selectionn~e au moment de la recherche est r~gl~e sur une
valeur diffdrente en fonction de la vitesse des pas.
5 9. Circuit d'attaque selon la revendication 1, ca- ract6ris6 en ce que
plusieurs types de r~sis- tances sont utilis~s comme r6sistance variable
(Ra, Rb1, Rb2, Rb3, Rc, Rd) fixoe a 1'ext6rieur  tO qui est reli6e au
circuit de reglage de courant constant (36), et ledit circuit de commando
(210), inclus dans le circuit de courant constant (230), commute les
resistances par l'applica- tion d'une impulsion de pas.                16
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