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in connection with the prior art and with the new circuit design, although
the principles of the present inven- Field of the Invention
tion are readily applicable to, and are easily extended to, full wave or
bipolar configurations as may be de- The present invention relates to
electronic cir-   5   sired. cults for driving brushless D.C. motors. More
partic-  With reference to Figs. 1 and 2, the commutation ularly, the
present invention relates to an electronic  phase angle signals fora
conventional brushless D.C. digital-analog driver circuit for driving a
brushless  motor 11 are obtained either with the aid of some type D.C.
spindle motorfor a disk drive in a manner which  of position encoder 12
(such as a magnetic encoder improves performance including reduction of
electri-  10  employing Hall-effect semiconductor devices), or cal and
acoustic noise therefrom.                  with the aid of voltage waveform
comparators which monitor back EMF induced in the motor windings in
Background of the invention                        so-called "Hall-less"
brushless D.C. motors. As shown in Fig. 1, the encoder 12 and suitable
down- So-called "brushless D.C." motors are actually  15  stream processing
circuitry produce square wave sig- permanent magnet field polyphase
synchronous A.C.  nals HA, HB and HC (shown in Fig. 2 in relationship
motors which are not being driven by sinusoidal A.C.  to the near
sinusoidal motor terminal phase voltages waveform excitation. Because of
cost, space and    A, B, and C with respect to the neutral or center-tap
power dissipation requirements, most brushless D.C.  N of a Y-connected
rotating three phase brushless motors are driven by discontinuous, "square
wave   20   D.C. motor, such as the motor 11 shown in Fig. 1). switched"
waveforms which at best crudely approxi-     Conventional excitation
current waveforms are mate sinusoidal driving waveforms. The abrupt step
shown in Figs. 1 and 2 as [err] with currentflow function switching of the
driving signals are readily  shown in Fig. 1 by arrows associated with each
cur- generated with digital switching transistor drivers  rent I. The
abrupt edges of these conventional driving which have minimized heat
dissipation (which occurs  25  signals cause the objectionable electrical
and acoust- only during transitional edges of the waveform). How-  ical
noise to be generated within the motor 11. It is a ever, the use of digital
driving signals causes very  common expedient of the prior art to add low
pass fil- large rates of change of motor winding currents    ters or slew
rate limiters of some form to the drivers and/or voltages and results in
radiation of A.C. fields  of these motor systems to produce the dotted
wave- from the windings and interconnecting leads and driv-  30  form
segments shown rounding slightly the corners of er electronics with much
higher frequency compo-   the step function driving current waveforms [err]
and nents than the fundamental of the desired sinusoidal  Ic as shown in
Fig. 2. waveform. These stray A.C. fields result in electrical  While these
prior techniques can be useful to re- noise and interference. In disk
drives, for example,  duce the electrical noise to acceptable levels by at-
low level read channel flux transition sense preampli-  35  tenuating the
higher frequency harmonics, they do fiers may be in physically close
proximity to the  not adequately solve the acoustic noise problem.
brushless D.C. spindle motor, and the resultant elec-  While a rate of
change of current which is on the order trical noise may seriously degrade
preamplifier per-  of the inductance to resistance (L/R) time constant of
formance.                                          the motor windings
(typically a few tens of microsec- In addition, when driving currents are
abruptly  40  onds) makes the electrical noise acceptably low, this
switched between motor windings rather than having  rate of change is still
too fast to reduce adequately the them change sinusoidally, the point of
application of  acoustic noise. When the rates of change of the motor the
generated motor torque upon the iron path and  driving currents are made
much longer by known windings of the motor abruptly changes; and, these
methods employed in the prior art, one or more of a abruptly changed forces
cause deformation and vi-  45  number of difficulties typically arises.
First, the effec- bration that results in very objectionable acoustic  tive
commutation point at which currents in succes- noise, particularlyfora
personal computerordesktop  sive phases reach equal magnitude is delayed so
far business machine location at which the user is typi-  that motor torque
output is significantly reduced, cally in close proximity.
thereby greatly impairing motor efficiency. Second, Both full wave and half
wave center-tapped or bi-  50  the start of the switching can be advanced
to account polar and unipolar driver and winding connections are  for the
delay of the switching point by providing con- used with brushless D.C.
motors. In the presently pre-  siderable additional electronics at greater
overall sys- ferred arrangement, a full wave driving configuration  tem
complexity and cost. However, if the rate is not is employed during an
initial, power-on interval when  adjusted to track the amplitude of the
current, then the spindle motor is spinning up toward its desired op-  55
the commutation point still varies. This is a problem erating speed. Once
about half the operating speed  with many active linear ramp generation
circuits. is reached, a half wave, center-tapped connection is  Third,
capacitor values of the required low frequency implemented, and this
configuration will be discussed  filters become physically bulky and
expensive as to 2   
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impracticalformanysmall sized applications, such  vention is to provide a
high capacity, high perfor- as micro-Winchester and smaller disk drives.
Fourth,  mance disk drive having a spindle motor manifesting locating the
filter in the active circuitry of the driver  significantly reduced
acoustic noise emanating from achieves a size reduction but results in
sensitivity to  the spindle motor assembly during operation of the active
device parameter variation tolerances that   5   disk drive. shift the
effective commutation point. Fifth, if the wa-  In accordance with
principles of the present in- veforms are exponential functions of time, as
is typ-  vention, a digital-analog driver circuit is provided for ical of
passive filters, they greatly deviate from a sin-  a three-phase, brushless
D.C. spindle motor e.g., for ewave or even a trapezoidal waveform at the
edges.  a disk drive, and Includes a commutation phase gen- Sixth, the sum
of turning-on and turning-off wave-  10  eration circuit for generating
digital commutation con- forms should be constant and equal to the command
trol signals for the three phases. The driver circuit in- value to prevent
commutation point shift and torque  cludes a logic circuit responsive to
the commutation ripple; yet this requirement is very difficult to achieve
control signals for generating commutation gating with filters.
signals, a digital function generation circuit respon- Thus, a hitherto
unsolved need has remained for  15  sive to a commutation gating signal
supplied by the a driver circuit which reduces noise in a brushless  logic
circuit and further responsive to a high frequen- D.C. motor without the
attendant drawbacks and dis-  cy docking signal, for generating a pulse
width modu- advantages of the prior art as noted hereinabove.  lated
digital function signal having a base period of the high frequency docking
signal and a timed inter- Summary of the Invention with Objects         20
val synchronized to the commutation gating signal and for supplying the
digital function signal to the log- Ageneral object of the present
invention is to pro-  ic circuit, the logic circuit including afunction
signal in- vide a driver circuit for a brushless D.C. motor which  version
circuit for generating an inverted digital funo- overcomes limitations and
drawbacks of the prior art.  tion signal, and having a circuit for
selectively putting Another more specific object of the present in-  25
out the digital function signal and the inverted digital vention is to
provide a driver circuit for a brushless  function signal in synchronism
with the commutation D.C. motorwhich achieves reduced acoustic noise In
gating signal, three digital to analog conversion cir- a simplified,
efficient manner, with a controllable  cults each for converting the
digital function signal electrical digital waveform function generator.
and the inverted digital function signal Into an analog A further specific
object of the present invention   30   phase driving signal, and three
commutation phase is to provide a driver circuit for a polyphase brushless
transistor drivers each being responsive to a said D.C. motorwhich
generates and puts out nearly ideal-  analog phase driving signal,
forapplying a driving cur- ized ramp current waveforms with the accuracy of
a  rent to a phase of the brushless D.C. motor. crystal controlled digital
synthesizer and multiplier  In one aspect of the invention the driver
circuit of and employs a separate closed current control loop   35  the
invention is provided with a speed control signal for each phase power
driver in a manner making use  generation circuit for generating a speed
control sig- of logic circuitry and minimizing the amountof analog  nal
corresponding to desired rotational speed of the circuitry required.
brushless D.C. motor, a pulse height, pulse width One more specific object
of the present invention  modulator circuit connected between the logic
circuit is to provide a driver circuit for a brushless D.C. motor  40  and
the digital to analog conversion circuit, the mod- which generates
desiredfunction driving signal wave-  ulator circuit for multiplying each
digital function/in- forms, such as trapezoidal functions, and which em-
verted digital function signal by a said one of the plu- ploys logic
circuitry suitable for implementation in  ral speed control signals, so
that a resultant product both digital and analog VLSI application-specific
log-  comprises a function signal having a peak amplitude ic arrays with a
minimum of logical elements, and in-  45  related to the magnitude of the
said speed control sig- put/output pin connections required among the ar-
nal. rays.                                                 In one aspect of
the present invention, the pulse Yet another specific object of the present
inven-  width modulated digital function signal put out by the tion Is to
configure digital logic and analog circuitry for  digital function
generation circuit includes a segment implementing a drivercircuitfora
brushless D.C. mo-  50  comprising a train of digital pulses of
progressively tor so that the analog circuits may be located in a sin-
changing duty cycle, and wherein the digital function gle analog integrated
ircuit array, and sothatthe dig-  generation circuit comprises a plurality
of counters, ital logic elements may be located In a separate logic-  one
of which is set to count a predetermined number only digital Integrated
circuit and wherein the number  of Increments within a period of the train
of digital of signal lines between the two integrated circuits is  55
pulses, and the other of the train of digital pulses, and minimized,
thereby minimizing chip external connec-  the other of which is set to
count recurrently at the tor pin count in each integrated circuit.
high frequency clocking signal, and a comparator for Still one more
specific object of the present in-  providing the pulse train in response
to a comparison 3  
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the one counter with the count  panying drawings. reached by the other
counter, the digital function sig- nal resulting in a generally trapezoidal
driving signal  Brief Description of the Drawings as applied to said three
commutation phase transistor drivers.
5   In the Drawings: As a further aspect of the present invention, the
Fig. 1 is an electrical block and schematic draw- logic circuit, the speed
control signal generation cir-  Ing of a driver circuit for a D.C.
brushless spindle mo- cuit, the pulse height, pulse width modulator
circuit,  tor incorporating principles of the present invention. the three
digital to analog conversion circuits and the  Fig. 2 is a series of motor
terminal voltage and three commutation phase transistor drivers comprise
10  phase angle commutation encoder waveforms devel- at least a portion of
a single analog integrated circuit  oped in conjunction with conventional
operation of array, and the digital function generation circuit com-  the
D.C. brushless spindle motor shown in Fig. 1. prises at least a portion of
a single digital integrated  Fig. 3 sets forth a series of waveforms in
accor- circuit array, and wherein there are two signal con-  dance with
principles of the present invention. The nection lines connected between
the analog integrat-  15  Fig. 3 waveforms are graphed along the same hori-
ed circuit array and the digital integrated circuit array  zontal time
domain axis as are the waveforms of Fig. associated with the digital-analog
driver circuit.  2 in order to clarify and simplify the explanation As one
more aspect of the present invention, the  thereof. commutation phase
generation circuit comprises a       Fig. 4 is a more detailed block
diagram of aspects plurality of Hall-effect detectors.           20  of an
analog driving circuit included within the Fig. 1 As a still further aspect
of the present invention,  diagram. the brushless D.C. spindle motor
comprises a Wye-     Fig. 5 is a still more detailed block and circuit
connected stator with a neutral phase connection,  schematic diagram of the
analog circuitry shown in and further comprising full-wave, bipolar
source-sink  the Fig. 4 diagram. three phase drivers operable during
initial operation   25  Fig. 6 is a logical block diagram of a digital
logic of the brushless D.C. spindle motor, the logic circuit  circuit shown
as a single blockwithin the Fig. 5 circul- including driving circuitry for
driving the full-wave, bi-  try. polar source-sink three phase drivers in
response to  Fig. 6A Is a detailed block diagram of a control an
operational switch control signal and a neutral  latch within the Fig. 6
digital logic circuit. phase driver in combination with the three commuta-
30  Fig. 7 is a series of current-shaping logic signal tion phase
transistor drivers operable during sus-  waveforms generated by the Fig. 5
circuitry in accor- tained up-to-speed operation of the brushless D.C.
dance with principles of the present invention. spindle motor, and a
spindle motor digital microcon- troller for monitoring and controlling said
speed con-  Detailed Description of a Preferred Embodiment trol signal
generation circuit and for generating said  35 operational switch control
signal.                    With reference again to Fig. 1, an example 10 of
In yet another aspect of the present invention,  a driver circuit
incorporating the present invention one counter comprises a presettable
9-bit counter  provides improved driving signals to the conventional and
the other counter comprises a free-running 8-bit  three-phase brushless
D.C. motor 11, which in this counter, and the comparator comprises an 8-bit
com-  40  example is a direct drive spindle motor for a miniature parator
for comparing the count put out by the lower  (3.5 Inch diameter) fixed
disk drive. One example of eight bits of the 9-bit counter with the count
put out by  such a disk drive is found in commonly assigned U.S. the 8-bit
counter, after a high order bit of the 9-bit  Patent No. 4,027,241 to
Hatch, et al., the disclosure counter has been set, the 9-bit
counterfurthergener-  of which Is hereby incorporated by reference. An ex-
ating a full-count signal for stopping the counting   45  emplary disk
spindle assembly including an in-hub thereof.
spindle motor is described in commonly assigned As still one more aspect of
the present invention,  U.S. Patent No. 5,031,061 to Hatch, the disclosure
of a function generation table lookup circuit may be con-  which is hereby
incorporated by reference. Other disk nected to be addressed by the 9-bit
counter for pro-  drive examples may readily utilize the principles of
viding an output to the 8-bit comparator, whereby a   50  the present
invention. digital function of predetermined desired characteris-  The
three phase brushless D.C. motor 11 in- tic may be generated by the
function generation cir-  cludes three sets of windings which are Wye-con-
cuit.                                              nected in this example,
thereby defining a central These and other objects, advantages, aspects
connection node, or "neutral" node N, and facilitating and features of the
present invention will be more  55   unipolar or half wave driving
conditions as well as bi- fully understood and appreciated upon
consideration  polar or full wave driving conditions. In practice, a of the
following detailed description of a preferred em-  fixed stator having nine
slots (three windings per bodiment, presented in conjunction with the
accom-  phase) is used in conjunction with an eight pole per- 4 
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so as to minimize cogging be-  junction with Figs. 4-7. tween phases. This
nine-slot, eight phase configura-  With reference to Fig. 4, an analog
portion 30 of tion is shown, for example, in Japanese published ap-  the
driver circuit 10 Includes a switching logic circuit plication No.
59-153,452 (1984) for example, the dis-  40, a first pulse width
modulator42 and low pass filter closure of which being hereby Incorporated
by refer-   5   demodulator44 configured as a digital to analog con- ence.
Later examples of anti-cogging spindle motors  verter. A signal line 45
supplies the duty cycle modu- are found in U.S. Patents Nos. 4,774,428, and
lated logic signal representation of the motor speed 4,858,044, for
example. Thus, in the motor 11 there  command generated by the digital
microcontroller 39 are winding sets A-N, B-N and C-N. There are three  from
the PWM 42 to thedemodulatorcircuit44, where current source drivers 14, 16
and 18 for full-wave bi- 10   It is converted into an analog speed command
value polar sourcing of current to the motor windings A-N,  Vcont on
capacitor 48 and put out on a line 47. B-N and C-N, respectively during a
motor start-up op-  Three drive lines from drive gates 46 provide erational
phase.                                   three driving signals to the sink
drivers 24,26 and 28, When the motor 11 reaches a predetermined suit-
while three drive lines from the logic circuit40 provide able intermediate
operating speed such as 2400 RPM   15  driving signals to the source
drivers 14, 16 and 18. (40 Hz) as preferably monitored by a motor speed mi-
The capacitor 48 provides a Vcont filter for the de- crocontroller 39, the
motor driver system 10 switches  modulator44. Capacitors 50,52 and 54 in
conjunction to half-wave operation in response to a digital control  with
op amps 106, 108, and 110 (Fig. 5) respectively supplied by the
microcontroller 39, and a neutral  provide PWM low pass ripple filtering of
the driving source 20 supplies current to the neutral source node   20
function waveforms [err] (Fig. 3) applied to N, and sources 14, 16 and 18
are turned off. Current  the sink drivers 24, 26 and 28. is supplied from a
voltage bus 22 through the source  The digital logic circuit 40 formed with
analog cir- drivers 14, 16, 18 and 20. As Is conventional, the cur-  cult
cells on the analog IC 30 receives commutation rent source drivers 14-20
are typically implemented  phase sensor inputs HA, HB, and HC from the com-
as bipolar PNP power transistors.             25  mutation angle encoder
12. A ramp-in signal output Sink drivers 24, 26 and 28 are respectively
con-  supplied on a line 43 from a digital logiccircuit 60 (Fig. nected
between windings A-N, B-N and C-N to        6) is also provided tothe
logicircuit 40. Aunipolar/bi- ground. Low value current sense resistors
34,36 and  polar commutation control signal on a line 47 is also 38 are
respectively connected in series between the  supplied tothe logic
circuit40. An exclusive OR output drivers 24,26 and 28 and ground. As Is
conventional,  30  signal comprising a commutation control signal input the
sink drivers are typically implemented as N-chan-  (waveform Aof Fig. 7) is
put out by the logic circuit 40 nel insulated gate field effect power
transistors  over a line 41 to the digital circuit 60. (NFETs). During
bipolar (full-wave) operation of the  The motor speed voltage control
signal Vcont en- motor 11, current through the windings A-N, B-N and  ters
a voltage-to-current converter circuit 49. A slew C-N is simultaneously
sourced from a supply Vs by  35  rate control signal SLEW enters the sink
drivers 24, source drivers 14, 16 and 18 and sinked to a return  26 and 28,
and current sense Inputs are also provided path such as ground by sink
drivers 24, 26 and 28, in  from the sense resistors R34, R36 and R38.
Except accordance with commutation signals developed by   for the first PWM
42, all of the circuit elements shown the position encoder 12. During
unipolar (half wave)  in Fig. 4 (other than the digital logic block 60) are
pre- operation of the motor 11, the source drivers 14, 16   40
ferablyformed within a single analog integrated circuit and 18 are
functionally disabled and replaced by the  array, using known standard
cell, analog IC fabrica- neutral source driver 20, and current flows from
the  tion techniques and processes. source Vs through neutral source driver
20 and the    Fig. 5 shows in greater circuit detail the circuit ele-
neutral source N to the nodes A, B and C in accor-  ments formed within
e.g. an analog circuit array 30. dance with the commutation
signalsdeveloped bythe   45  The digital logic circuit 40 (formed of analog
circuit encoder 12, for example.                           cells of the
analog IC array) includes two exclusive In accordance with principles of
the invention,  OR gates 56 and 58 which receive the commutation new
digitally synthesized function driving signals,  phase signals HA, HB and
HC and which develop and such as the trapezoidal driving signals [err].
put out a clocking signal on the line 43 to the digital which closely
follow a sinusoidal locus are generated   50  circuit 60 synchronized to
sensed rotation of the mo- in the digital-analog driver circuit 10 and in
this exam-  tor 11. The digital logic circuit 60 generates and puts pie
result in waveforms [err] shown in Fig. 3.  out recurrent PWM ramp signals
over the RAMP IN These waveforms are applied by the sink amplifiers  line
43. A digital decoder 62 decodes the three com- 24, 26, 28 during operation
of the motor 11 at final  mutation phase signals HA, HB and HC into three
log- steady-state speedsuch that noise, including electri-  55  ic gate
signals HA-NOT HB; HB-NOT HC; and, cal noise and particularly including
acoustical noise,  HC-NOT HA. is significantly reduced. The development of
the driv-  These logic gate signals are applied respectively ing signals
[err] will now be discussed in con-  as Inputs to AND gates 64, 66, 66, 70,
72 and 74 as 
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Another input to the gates 64, 66 and  low pass filters provided by the
capacitors 50,52 and 68 is a digital PWM Incline ramp signal provided on
54 attenuate high frequency ripple of the duty cycle the output line 43
from the digital logic integrated cir-  carrierfrequency and do not affect
ramp slope. Thus, cuit 60 (Fig. 6). This signal is inverted by an inverter
the value for each of the capacitors 50, 52 and 54 is 76 and then supplied
as a decline ramp signal to the   5   not critical. Importantly, the logic
inverter 76 causes three other AND gates 70, 72 and 74, also as shown  the
ramps to be inverted e.g. from rising slope to fall- in Fig. 5. Outputs
from AND gates 64 and 70 provide  ing slope, rather than requiring a linear
analog ampli- inputs to an OR gate 78. Outputs from AND gates 66  fier with
accurate gain control and precise base line and 72 provide inputs to a
second OR gate 80. Out-  reference voltage control. puts from AND gates 68
and 74 provide inputs to a   10  Turning now to Fig. 8, the digital circuit
60 is pre- third OR gate 82. The Exclusive OR gates 56 and 58,  ferably
formed as a small portion of a much larger the commutation phase decoder
circuit 62 and the  high density CMOS VLSI array. The circuit 60 re- AND
gates 64-74 and associated OR gates 78-82     ceives a system clocksignal
ata clock input 112, such comprise the entirety of the digital logic
circuit 40  as an on-board 20 MHz square wave clock signal formed within
the analog IC circuit array 30.  15  which is the same signal or which is
phase related to The output from the OR gate 78 enters one side  the signal
clocking the speed control microcontroller of a differential amplifier
formed as a pair of emitter-  39. This signal is divided to 10 MHz by a
divide-by-two connected PNP transistors 84 and 86 and a load re-  circuit
114, such as a flip-flop, which puts out a 10 sistor 88. Similarly, the
output from the OR gate 80  MHz square wave signal on a line 116. The clock
sig- connects to the base of a PNP transistor 90 having its  20  nal at the
input 112 also extends to a programmable emitter connected to another PNP
transistor 92. A  divider 118 which in this example issetto divide by43.
load resistor 94 is connected between the collector of  The divider 118
thus puts out a square wave on a line the transistor 92 and ground. In like
manner, the out-  having a frequency of 465.1 KHz which is the basic put
from the OR gate 82 is connected to a base of a  clock period to generate
the desired, digitally synthe- transistor 96 having its emitter tied to the
emitter of  25  sized driving function phases fora three-phase motor a
transistor 98 which also has a load resistor 100. As  speed operating at a
speed of 4500 RPM. This  465.1 configured, the transistor pairs 84-86,
90-92 and 96-  KHz signal is supplied as a clock signal to a 9-bit bi- 98
comprise pulse height-pulse width multipliers.  nary counter 122. Each
multiplier is decoded (enabled) in proper phase  A control latch 124 is
provided to resynchronize relationship by decoding of the commutation
encoder  30  the input signal from the gate 58 in order to eliminate phase
angle signals HA, HB and HC as explained in  any tolerances (less than
sharp edge transitions) as conjunction with the logic circuit 40, described
herei-  may result from the considerably slower digital logic nabove.
implemented with analog circuitcells on the analog IC The bases of the
transistors 86, 92 and 98 are  30. As shown in Fig. 6A, the control latch
124 includes supplied with a logic threshold voltage overa line 102.  35
an AND gate 125 receiving a set input directly from a An input control
voltage Vcontrol from a speed regu-  line 128 and a reset inputfrom the
Input line 41 as in- lator circuit is converted into a current by the
voltage-  verted by an inverter 127. The output from the AND to-current
converter circuit 49. Three identically  gate 125 provides a data input to
a flip-flop 129 which matched currents corresponding to the motor speed  is
clocked by the 20 MHz clock 112. control voltage are provided by the
circuit 49 to the   40  The control latch 124 Is reset by the incoming ex-
commonly connected emitters of the transistor pairs  clusive OR signal on
the input line 41 (waveform A of 84-86, 90-92 and 96-98. These matched
currents    Fig. 7) from the gate 58 (Fig. 5). The latched input sig-
comprise the commanded current followed by the ac-  nal from the control
latch 124 is supplied over a line tual phase current magnitudes put out by
the motor  126 to a preset input of the 9-bit counter 122 to pre- driver
10.                                   45  load it to a predetermined count,
which in this exam- The outputfrom each multiplier pair 84-86, 90-92  ple
is preferably 080 Hex, although it may easily be and 96-98 comprises a
variable duty cycle that is  made to be programmable by an input from the
em- averaged by the associated low pass filter integrator,  bedded motor
speed microcontroller of the disk drive formed by the capacitor 54,52 or
50. Three amplifiers  system with which the driver circuit 10 is preferably
106, 108 and 110 respectively provide gate drive con-  50  associated
within a disk drive. Afull scale output 128 trol voltages to the NMOS power
sink drivers 24, 26  of the 9-bit counter serves as an enable signal for
dis- and 28, as shown in Fig. 5.                       abling the counter
122 so that it does not continue to The resultant waveform put out by each
multiplier  count after the maximum duty cycle count is reached pair 84-88,
90-92 and 96-98 is a D.C. voltage which  within a single counting interval.
The full scale output is proportional to the control current times a
digitally  55  on the line 128 also sets the latch 124. synthesized ramp
function that varies alternately    A free-running 8-bit binary counter 132
config- from zero to unity and from unity to zero during each  ured as a
ring counter generates high frequency cycle of each driving phase. It
should be noted thatthe  countvalues from the 10 MHz clock supplied overthe
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eight bit countvalues are supplied to an  (Hex). At time 2, when a count of
100 (Hex) is 8-bit comparator 134 which also receives eight bit  reached,
pulses are generated and put out from the count values put out by the 9-bit
counter 122 over a  latch 144. At time 3, which is the half duty cycle
point bus 130. After the ninth bit (MSB) of the 9-bit counter  of the
pulses in the resultant pulse train, the count 122 is true, an output of
the comparator 134 on a line   5   reached by the 9-bit counter is 17F
(Hex), for exam- 136 is true forso long as the lower eight bit count put
ple. When the 9-bit counter 122 reaches a full count out by the 9-bit
counter 122 equals or exceeds the val-  of 1FF (Hex) at time 4, It is
stopped from counting and ue of the count put out by the free running eight
bit  does not begin counting again until the next falling counter 132. With
the free running 8-bit counter 132  edge of the input signal on the line
41. During the ac- running much faster than the 9-bit counter 122, the  10
tive ramp counting interval, denoted as between output from the 8-bit
comparator on the line 136 com-  times 2 and 4 In waveform C of Fig. 7, the
width of the prises a function including a train of pulses of steadily
pulses put out by the latch 144 is steadily increasing, Increasing duty
cycle from zero duty cycle to unity  from very narrow (minimum duty cycle)
pulses at the duty cycle. The increasing duty cycle is graphed as a
beginning of the counting interval (time 2) to very dashed line inclined
ramp line 137 in waveform C of  15  wide (maximum duty cycle) pulses at the
end of the Fig. 7.                                           counting
interval (time 4). This modulated pulse width When a predetermined count
(100 Hex) is        pulse train thus becomes a smooth incline ramp com-
reached at point 2 of waveform C of Fig. 7, an AND  mutation signal when
integrated in turn bythe integra- gate 140 atthe outputof the comparator
134 becomes  tors formed by capacitors 50, 52 and 54. Importantly, enabled,
and it is at this point that the ramp portion of  20  the inverter 76
inverts the duty cycle of the ramp and the function is put out. The output
from the AND gate  thus provides a smooth decline ramp commutation 140 is
reclocked by a D filp-flop 144 to the 10 MHz  signal, which is precisely
symmetrical with the incline clockso that any propagation delaythrough the
digital  ramp signal, without requiring any special analog cir- logic
circuit 60 does not affect the desired duty cycle  cuitry or circuit
balance or adjustment The height of ramp.
25  the pulses is controlled by the control voltage Vcon- A true output Q
comprising the ramped pulse   trol, and this height In turn controls the
speed of the train portion from the latch 144 Is supplied as one in-
motor. put to a multiplexer 148, while another input to the  For Increased
flexibility, if the 75 Hz rotation multiplexer 148 is supplied by the Input
signal on the  speed of the motor changes, the divisor in the divisor line
41. A "shape-on" control value on the line 47 as  30  circuit 118 also
changes accordingly. If the commuta- from the speed control microprocessor
of the disk  tion angle of the motor Is made adjustable in order to drive
system causes the multiplexer 148 to select be-  minimize run current in
the motor, the 080 (Hex) pres- tween the pulse train signal on the line 146
and the  ent in the 9-bit counter Is adjusted by the motorspeed input
signal on the line 150. Thus, when it is neces-  control processor 39. sary
to get the spin motor up to running speed as  35  Importantly, In the
presently preferred embodi- quickly as possible, the ramp generation pulse
train  ment, only two input/output lines (pins) 43 and 41 are circuitry is
bypassed.                            required for the interface connection
between the Turning now to Fig. 7, the inputwaveform Aon the  analog
circuitry of Fig. 5 and the digital circuitry of line 41 is seen to be a
square wave having a period  Fig. 6. Those skilled in the art will
appreciate that the in this example of 1.11 milliseconds, which corre-  40
logiccircuitry 60 of Fig. 6 could be modified to include sponds to twelve
times the nominal motor speed of  a function table look-up between the
9-bit counter 4500 RPM (75 Hz) as achieved with an 8 pole three  122 and
the comparator 134, and with the addition of phase motor, for example. When
the shape-on signal  another comparator output line to the analog circuit
of on the control line 47 selects the input signal to be the  Fig. 5 a
symmetrical function of any desired shape, output signal on the line 43, as
during the Initial up-  45  such as a nearly perfect sine wave, will be
achieved to-speed bipolaroperation of the circuit 10, waveform  In lieu of
the trapezoid driving signals, withoutany ad- B of Fig. 7 results. However,
when the ramp genera-  ditional analog components. tion digital logic
circuitry of Fig. 6 is enabled as by se-  Having thus described an
embodiment of the in- lecting the signal on the line 146 to be the output
sup-  vention, it will now be appreciated that the objects of plied over
the line 43, waveform C of Fig. 7 is ach-  50  the Invention have been
fully achieved, and it will be ieved. In orderto achieve the function
provided bythe  understood by those skilled in the art that many waveform C
graph of Fig. 7, the 9-bit counter 122 is  changes in construction and
widely differing embodi- arranged to have a count frequency of 465.1 KHz.
ments and applications of the invention will suggest The rollover count
repetition rate provided by the free  themselves without departing from the
spirit and running 8-bit counter 132 is 10MHz/256 which is  55  scope of
the invention as claimed In claim 1. The dis- 39.06 KHz.
closure and the description herein are purely illustra- As shown In
waveform C of Fig. 7, the 9-bit coun-  tive and are not Intended to be in
any sense limiting. 



ter starts counting at time 1 with a count preset to 080  The features
disclosed in the foregoing descrip- 7    13                  EP 0 557 811
B1                    14 tion in the following claims and/or in the
accompany-  Claim 2, wherein: the brushless D.C. motor com- ing drawings
may, both separately and in any combin-  prises a Wye-connected stator with
a neutral ation thereof, be material forrealising the invention as  phase
connection; a full wave bipolarsource-sink claimed in claim 1 in diverse
forms thereof.           plural phase driver means is operable during ini-
5      tial operation of the brushless D.C. motor (11); the logic means
(40) includes driving means for Claims
driving the full wave bipolar source-sink plural phase driver means in
response to an operational 1. A digital-analog driver circuit (10) for a
plural  switch control signal; a neutral phase driver phase-wound,
brushless D.C. motor (11) in-  10     means (20) in combination with the
plural phase cludes commutation phase generation means           transistor
driver means (24, 26, 28) is operable (12) for generating digital
commutation control    during sustained up-to-speed operation of the
signals forthe plural phases, which digital-analog  brushless D.C. motor;
and motor digital micro- driver circuit (10) is characterised by
comprising:  controller means (39) are provided for monitoring logic means
(40) responsive to the commutation   15  and controlling the speed control
signal genera- control signals (HA, HB, HC) for generating com-   tion
means (44) and for generating the operation- mutation gating signals (41);
digital function gen-  al switch control signal. eration means (60)
responsive to the commuta- tion gating signal (41) supplied by the logic
4. The digital-analog driver circuit (10) according to means (40) and to a
high frequency clocking sig-  20  any preceding claim, wherein the pulse
width nal for generating a pulse width modulated digital  modulated digital
function signal put out by the function signal (43) having a base period of
the   digital function generation means (60) includes a high frequency
clocking signal and a timed inter-  segment comprising a train of digital
pulses of val synchronized to the commutation gating sig-    progressively
changing duty cycle, the digital nal (41) and for supplying the digital
function sig-  25  function generation means (60) comprises a plur- nal
(43) to the logic means (40); the logic means,  ality of counter means
(122, 132), one of which (40) including function signal inversion means
(122) is set to count a predetermined number of (76) for generating an
inverted digital function   increments within a period of the train of
digital signal and circuit means (64-74 and 78-82) forse-  pulses and the
other of which (132) is set to count lectively putting out the digital
function signal and  30  recurrently at the high frequency clocking signal,
the inverted digital function signal in synchronism  and comparator means
(134) provides the train in with the commutation gating signal; plural
digital  response to a comparison of a count reached by to analog
conversion means (106, 108, 110) each    the said one counter means (122)
with the count for converting the digital function signal and the  reached
by the said other counter means (132). inverted digital function signal
into an analog   35 phase driving signal; and plural phase transistor  5.
The digital-analog driver circuit (10) according to driver means (24, 26,
28) each being responsive    Claim 4, wherein said one counter means (122)
to said analog phase driving signal for applying a  comprises a presettable
9-bit counter, said other driving current to a phase winding of the brush-
counter means comprises a free-running 8-bit less D.C. motor (11).
40      counter wherein said comparator means (134) comprises an 8-bit
comparator for comparing the 2. The digital-analog driver circuit (10)
according to  count put out by the lower eight bits of the 9-bit Claim 1
further comprises: speed control signal    counterwith the count put out by
the 8-bit counter generation means (44) for generating plural        after
a high order bit of the 9-bit counter has been speed control signals
corresponding to desired   45  set, the 9-bit counter further generating a
full- rotational speeds of the brushless D.C. motor      count signal for
stopping the counting thereof. (11); and pulse height, pulse width
modulator means (46) connected in the driver circuit (10) be-  6. The
digital-analog driver circuit (10) according to tween the logic means (40)
and the digital to ana-  Claim 5 further comprising a function generation
log conversion means (106, 108, 100), the mod-  50  table lookup means
connected to be addressed ulator means (46) multiplying each digital func-
by the 9-bit counter and for providing an output to tion/inverted digital
function signal by a said one  the 8-bitcomparator, whereby a digital
function of of the plural speed control signals, so that a re-  a
predetermined desired characteristic may be sultant product comprises a
said function signal   generated by the digital function generation having
a peakamplitude relatedtothemagnitude  55   means (60). of the said speed
control signal. 



7. The digital-analog driver circuit (10) according to 3. The
digital-analog driver circuit (10) according to  any preceding claim,
wherein the logic means 8    13                  EP 0 557 811 B1
14 tion in the following claims and/or in the accompany-  Claim 2, wherein:
the brushless D.C. motor com- ing drawings may, both separately and in any
combin-  prises a Wye-connected stator with a neutral ation thereof, be
material for realising the invention as  phase connection; a full wave
bipolar source-sink claimed in claim 1 in diverse forms thereof.
plural phase driver means is operable during ini- 5      tial operation of
the brushless D.C. motor (11); the logic means (40) includes driving means
for Claims                                                driving the full
wave bipolar source-sink plural phase driver means in response to an
operational 1. A digital-analog driver circuit (10) for a plural  switch
control signal; a neutral phase driver phase-wound, brushless D.C. motor
(11) in-  10     means (20) in combination with the plural phase cludes
commutation phase generation means          transistor driver means (24,
26, 28) is operable (12) for generating digital commutation control
during sustained up-to-speed operation of the signals forthe plural phases,
which digital-analog  brushless D.C. motor, and motor digital micro- driver
circuit (10) is characterised by comprising:  controller means (39) are
provided for monitoring logic means (40) responsive to the commutation   15
and controlling the speed control signal genera- control signals (HA, HB,
HC) for generating com-  tion means (44) and for generating the operation-
mutation gating signals (41); digital function gen-  al switch control
signal. eration means (60) responsive to the commuta- tion gating signal
(41) supplied by the logic   4. The digital-analog driver circuit (10)
according to means (40) and to a high frequency clocking sig-  20  any
preceding claim, wherein the pulse width nal for generating a pulse width
modulated digital  modulated digital function signal put out by the
function signal (43) having a base period of the   digital function
generation means (60) includes a high frequency clocking signal and a timed
Inter-  segment comprising a train of digital pulses of val synchronized to
the commutation gating sig-    progressively changing duty cycle, the
digital nal (41) and for supplying the digital function sig-  25  function
generation means (60) comprises a plur- nal (43) to the logic means (40);
the logic means  ality of counter means (122, 132), one of which (40)
including function signal inversion means     (122) is set to count a
predetermined number of (76) for generating an Inverted digital function
increments within a period of the train of digital signal and circuit means
(64-74 and 78-82) for se-  pulses and the other of which (132) is set to
count lectively putting outthe digital function signal and   30
recurrently at the high frequency clocking signal, the inverted digital
function signal in synchronism  and comparator means (134) provides the
train in with the commutation gating signal; plural digital  response to a
comparison of a count reached by to analog conversion means (106, 108, 110)
each    the said one counter means (122) with the count for converting the
digital function signal and the  reached by the said other counter means
(132). inverted digital function signal into an analog   35 phase driving
signal; and plural phase transistor  5. The digital-analog driver circuit
(10) according to driver means (24, 26,28) each being responsive     Claim
4, wherein said one counter means (122) to said analog phase driving signal
for applying a  comprises a presettable 9-bit counter, said other driving
current to a phase winding of the brush-   counter means comprises a
free-running 8-bit less D.C. motor (11).                      40
counter wherein said comparator means (134) comprises an 8-bit comparator
for comparing the 2. The digital-analog driver circuit (10) according to
count put out by the lower eight bits of the 9-bit Claim 1 further
comprises: speed control signal    counterwith the count put out by the
8-bit counter generation means (44) for generating plural        aftera
high orderbit of the 9-bit counter has been speed control signals
corresponding to desired   45  set, the 9-bit counter further generating a
full- rotational speeds of the brushless D.C. motor      count signal for
stopping the counting thereof. (11); and pulse height, pulse width
modulator means (46) connected in the driver circuit (10) be-  6. The
digital-analog driver circuit (10) according to tween the logic means (40)
and the digital to ana-  Claim 5 further comprising a function generation
log conversion means (106, 108, 100), the mod-  50  table lookup means
connected to be addressed ulator means (46) multiplying each digital func-
by the 9-bit counter and for providing an output to tion/inverted digital
function signal by a said one  the 8-bit comparator whereby a digital
function of of the plural speed control signals, so that a re-  a
predetermined desired characteristic may be suitant product comprises a
said function signal   generated by the digital function generation having
a peak amplitude related to the magnitude  55  means (60). 



of the said speed control signal. 7. The digital-analog driver circuit (10)
according to 3. Thedigital-analogdrivercircuit(10)accordingto      any
preceding claim, wherein the logic means 8 *  C   L  M  S  *    15
EP 0 557 811 B1                 16 (40), the plural digital to analog
conversion      Funktionssignals (n3) zu dem logischen Mittel means
(106,108, 110) and the plural phase tran-   (40); wobei das logische Mittel
(40) Funktionssi- sistor driver means (24,26,28) comprise at least
gnalinversionsmittel (76) zum Erzeugen eines in- a portion of a single
analog integrated circuit ar-  vertierten dgitalen Funktionssignals und
Schalt- ray (30), the digital function generation means   5  mittel (64 -
74 und 78 - 82) zum selektiven Aus- (80) comprises at least a portion of a
single digital  geben des digitalen Funktionssignals und des in- integrated
circuit array and wherein two signal    vertierten digitalen
Funktionssignals synchron connection lines (41,43) are connected between
mit dem  Kommutationssteuersignal aufweist; the analog integrated circuit
array (30) and the   mehrere Digital/Analog-Wandlermittel (106,108, digital
integrated circuit array associated with the   10  110) Jeweils zum
Konvertleren des digitalen digital analog driver circuit (10).
Funktlonssignals und des invertierten digitalen Funktionssignals in emn
analoges Phasenan- 8. The digital-analog driver circuit (10) according to
triebssignal; und mehrere Phasentransistortrei- any preceding claim,
wherein the commutation       bermittel (24,26,28), die jeweils auf das
analoge phase generation means (12) comprises a plural-  15
Phasenantriebseignal ansprechen, um  einen ity of Hall-effect detector
means.                 Treiberstrom auf elne Phasenwicklung des bur-
stenlosen Gleichstrommotors (11) aufzubringen. 9. The digital-analog driver
circuit (10) according to any preceding claim, wherein the brushless D.C.
2. Die DigitalUAnalog-Treiberschaltung (10) nach motor (11) comprises a
spindle motor of a fixed   20  Anspruch 1, welter mit
Geschwindigkeltssteuer- disk drive data storage sub system.
signalerzeugungsmitteln (44) zum Erzeugen von mehreren
Geschwindigkeitssteuersignalen ent- 10. The digital-analog driver circuit
(10) according to  sprechend den gewunschten Drehgeschwindig- any preceding
claim, wherein the brushless D.C.    keiten des bfurstenlosen
Gleichstrommotors (11); motor(11) is athree phasewound brushless D.C.  25
und Impulsh8hen/lmpulsbreiten-Modulationsmit- motor (11) and three digital
to analog conversion  tan (46), die in der Treiberschaltung (10) zwl-
means(106,108, 110)andthree phasetransistor        schen den logiachen
Mitteln (40) und den Dlgi- driver means (24, 26, 28) are provided.
tal/Analog-Wandlermitteln (106, 108, 110) ver- bunden sind, wobel das
Modulationsmittel (46) 11. The digital-analog driver circuit (10) according
to  so  Jedes digitale funktionsinvertiertes Funktions- any preceding
claim, wherein the digital function  Signal mit einem aus der Mehrzahl von
Ge- signal is a generally trapezoidal driving signal
schwindigkeitssteuersignalen  multipliziert, so and is applied to said
plural phase transistor driv-  dal ein sich ergebendes Produkt ein
Funktions- er means (24,26,28).                               signal
aufweist mit einer Spitzenamplitude, die 35      auf die GrOSe des
Geschwindigkeitssteuersi- gnals bezogen Ist. PatentansprlOche 3. Die
Digital/Analog-Treiberschaltung (10) nach 1. Eine
Digital/Analog-Treiberschaltung (10) far      Anspruch 2, wobei: der
bflrstenlose Glelchstrom- einen mehrphasengewickelten, bOrstenlosen   40
motor einen sterngeschalteten Stator mit einem G6eichstrommotor (11), der
ein Kommutations-       neutralen Phasenanschlul  hat; ein bipolarer
phasenerzeugungsmittel (12) zurn Erzeugen von
Voliwellen-Quellen-Senken-Mehrphasentreiber digitalen
Kommutationssteuersignalen far die       mittel wahrend des anfinglichen
Betriebs des Mehrzahl von Phasen aufweist, wobei der Digl-
bOrstenlosen Gleichstrommotors (11) betrieben tal/Analog-Trelberkrels (10)
dadurch gekenn-  45   werden kann; das logische Mittel (40) eln Treiber-
zeichnet ist, dall er aufweist logische Mittel (40),  mittel zum Antreiben
des bipolaren Vollwellen- die auf die Kommutationsstuersignale (HA, HB,
quellen-Senken-Mehrphasentreibermittels in HC) zum Erzeugen von
Kommutationssteuersl-         Antwort auf ein Betriebsschaltsteuersignal
auf- gnalen (ni) ansprechen; digitale Kommutations-     weist; ein
Neutralphasentreibermittel (20) in erzeugungsmittel (60), die auf das
Kommutati-  5o  Kombination mit dem Mehrphasentransistortrel-
onssteuersignal (ni), des durch des logische Mit-  bermittel (24,26,28)
wshrend des Aufrechterhal- tel (40) zugefrihrtwird, und auf e nhochfrequen-
tens des Hochfahrbetriebes des bfirstenlosen tes Taktsignal ansprechen, um
ein In der Impuls-   Gleichstrommotors betrieben werden kann; und 



breite moduliertes digitales Funktionssignal (n3)  digitale
Motor-Mikcrocontrollermittel (39) vorge- mit einer Grundperiode des
hochfrequenten   ss     sehen sind, um das Geschwindigkeitssteuersi-
Taktsignals und ein zeitlich gesteuertes Intervall,  gnalerzeugungsmittel
(44) zu beobachten und zu das mitdem Kommutationssteuersignal (nl)syn-
steuern und zum Erzeugen des Betatigungs- chronisiert ist und zum Liefern
des digitalen      schaltsteuersignals. 9 C 11111111111111    17
EP 0 557 811 Bi                 18 4. Die Digital/Analog-Treiberschaltung
(10) nach ei-  schaltung (10) zugehorig ist, verbunden isLt. nem
dervorangehenden Ansprflche, wobel das in seiner Impulabrelte modulierte
digitale Funktl-  8. Die Dlgital/Analog-Treiberachaltung (10) nach ei-
onssignal, das von dem digitalen Funktionser-     nem der vorangehenden
Ansprfche, wobel das zeugungsmitel (60) ausgegeben wird, sin Seg-   5
Kommutationsphasenerzeugungsmittbl (12) ei- mentaufwelst, daseinenZugvon
digitalen Impul-     ne Mehrzahl von Hall-Effekt-Detektormitteln auf- son
des sich fortachrelbtnd andernden Arbeitezy-  weist. Iduk aufweist, wobel
das digitale Funktlonserzeu- gungemittel (60) eine Mehrzahl von Zihlermit-
9. Die Digital/Analog-Treiberschaltung (10) nach el- tin (122, 132)
aufweist, von denen das sine   1o  nem der vorangehonden AnsprOche, wobel
der (122) auf sine Zahl mit einer vorgegebenen An-    bOrstenlose
Gleichatrommotor (11) einen Spin- zahl von Inkrementen Innerhalb einer
Periode      delmotor eines festen Diskettenantriebs fOr ein des Zugs der
digitalen Impulse elngestellt Ist und  Datenspeichersubsystem aufweist.
dessen andere (132) zum sich wlederholenden Zahlen bei dem
Hochfrequenztaktsignal elnge-  15  10. Die Digital/Analog-Treiberschaltung
(10) nach ei- stelit Ist und das Komparatormittel (134) In Ant-  nem der
vorangehenden Anspruche, wobei der wort auf einen Vergleich einer Zahl, die
von dem  bflrstenlose Glelchstrommotor (11) ein dreipha- einen Zahlermittel
(122) erreicht worden let, mit  sig gewickelter bOrstenloser
Gleichstrommotor derZahl, die von dem anderen Zahlermittel (132)   (11) ist
und drol Digital/ Analog-Wandlermittel erreicht worden ist, bildet.
20      (106,108, 110) und drei Phasentransistortreiber- mittel (24, 26,
28) vorgesehen sind. 5. Die Dlgital/Analog-Treiberschaltung (10) nach
Anspruch 4, wobei das sine Zahlmittel (122) si-  11. Die
Dlgital/Analog-Treibrerchaltung (10) nach ei- nen einstollbaren
9-Bit-Zahler, das andere Zahl-  nern der vorangehenden Ansprfche, wobei das
mittel onen froilaufenden. 8-Bit-Zihler aufweist,  25  dlgitale
Funktionssignal sin im wssentllchen tra- wobel das Vergleichsmittbl (134)
elnen 8-Bit-     pezoldes Antriebesignal lst und auf die Mehrzahl
Komparator zum Verglelchen der von den unto-      von
Phasentransistortreibermittain (24, 26, 28) ren 8 Bits des 8-Bit-Zahlers
ausgogebenen Zahl    aufgebracht wird. mit der Zahl, die von dem
8-Bit-Zghler ausgoge- ben worden Ist, nachdem sin hochrangiges Bit  3o des
8-Bit-Zihilers ingestsllt worden ist, wobsi  Rovendlcatlons der
8-BIt-Zihler weitr sin Volizahisignal zum Be- enden des Zahlens erzeugt.
1. Clrcuitde commande numerique-analogique (10) pour un motour (11) a
courant continu sans balai 6. Die Digital/Analog-Traiberechaltung (10) nach
An-  35  a phases multiples bobin6es, comportant des spruch 5, weiter mit
einer Funktionserzougungs-   moyens (12) de g6n6ration de commutation de
Nachschlagtabelle, die verschaltt Ist, urn von   phase pour g6nerer des
signaux numeriques de dem 9-Bit-Zahler adresslert zu worden und zurn
contrOlo de commutation pour les phases multi- Liefern elnes Ausgangs zu
dam 8-Bit-Kompara-      ples, ce circuit de commando numerque-analogi- tor,
wodurch sine digitale Funktion elnervorgoge-  40  quo (10) 6tant
caract6ris6 en co qu'il comprend benen erwfinschtbn Charaktrlestik von dom
digi-   des moyens logiques (40) sensibles aux signaux talon
Funktlonserzeugungsmittbl (60) orzeugt      de controlo de commutation (HA,
HB, HC) pour werden kann.                                      generer des
signaux de d6clenchement de commutation (41); des moyens (60) de g6n6ra- 7.
Die Dlgital/Analog-Treiberschaltung (10) nach ei-  45  tion de fonction
num6rique, sensibles au signal nern der vorangshenden Ansprdche, wobei das
(41) de d6clenchement de commutation fourni logische Mittel (10), die
Mehrzahl von Digi-      par les moyens logiques (40) et a un signal
tal/Analog-Wandlermittoin (106, 108, 110) und     d'horloge A haute
fr6quenco pour ghn6rer unsl- die Mehrzahl von
Phasentransintortreibermittiln   gnal (43) de fonction numerique moduih en
lar- (24, 26, 28) wenigtens einen Abschnitt elnes  5o  geur d'lmpulsion,
ayant une p6riode de base du elnzigen analogen intogrierten Schaltolements
signal d'horloge a haute frequence et un interval- 



(30) aufweiosn, das digitale Funktbonserzeu-      lo tbmporie6 synchronis6
avec lo signal (41) de gungernittol (60) wenigstens elnen Bereich oines
declenchement de commutation, et pour fournir einzigen digitalen
intogrierten Schaltkrolses anu-  Is signal (43) de fonction num6rique aux
moyons welat und wobsi zwei Signalverbindungeleotun-  55  logiques (40);
les moyens logiques (40) compor- gen (41,43) zwlschen dem analogen
integrierten    tant des moyens (76) d'inversion du signal de Schaltelement
(30) und dem digitalen Intogrierten  fonction pourg6n6rorun signal
defonction num6- Schaltelement, das der DigitaUAnalog-Treiber-     rique
Inversee et des moyens de circuits (64-74 10 I 1!11111111 111111
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20 et 78-82) pour sortir s6lectivement le signal de  de commutation.
fonction num6rique et le signal de fonction nume- rique inversee en
synchronisme avec le signal de  4. Circuitde commande num6rique-analogique
(10) d6cienchement de commutation; de multiples       solon l'une
quelconque des revendications pre- moyens (106, 108, 110) de conversion
numeri-   5  cedentos, danslequal lesignal de fonction nume-
que-analogique, chacun pour convertir le signal   rique module en largeur
d'impulsion sorti par les de fonction numerique et le signal de fonction
nu-  moyens (60) de g6neration de fonction num6ri- m6rique Invers6e en un
signal analogique de       quo comportb un segment comprenant un train
commando de phase; et de multiples moyens         d'impulsions num6riques
de factbur de marche (24, 26, 28) de commando de phase A transistor,  10
changeant progressivement, les moyens (60) de chacun etant sensible audit
signal analogique de  g6neration de fonction num6rique comprennent commands
de phase pour appliquer un courant       une pluralite de moyens de
comptage (122,132), de commando a un enroulement d'une phase du      l'un
d'eux (122) 6tant positionne pour comptor un motbur (11) A courant continu
sans balai.         nombre pr6d6termin6 d'increments dans une p6- 15
rode du train d'impulsions numeriques et Iautre 2. Circuit de commando
num6rique-analogique (10)     (132) d'entre eux etant positionn6 pour
compter solon la revendication I comprenant en outre:     par recurrence
suivant le signal d'horloge A haute des moyens (44) de g6neration de signal
de       fr6quence, et des moyens de comparaison (134) controle de vitesse,
pour g6nerer de multiples si-  fournissent le train d'impulsions en r6ponse
a gnaux de controle de vitesse correspondant A   20  une comparalson d'un
compte atteint par ledit des vitesses de rotation souhaitees du moteur
moyen de comptage (122) et du comptb atteint (11) A courant continu sans
balal; et des moyens  par ledit autre moyen de comptage (132). (46) de
modulation en hauteur d'Impulsion et en largeur d'impulsion, connect6s dans
le circuit de  5. Circultde commando num6rique-analogique (10) commands
(10) entre les moyens logiques (40) et  25  solon Ia revendication 4, dans
lequel ledit moyen les moysns (106, 108, 10) de conversion nume-     de
comptage (122) comprend un comptourA pre- rique-analogique, les moyens de
modulation (46)   positionnement A 9 bits, led it autre moyen de
multipliant chaque signal de fonction num6ri-     comptage comprend un
compteur auto-oscillant queofonction numerique invers6e par l'un desdits  A
8 bits, dans lequel lesdits moyens de compa- multiples signaux de
controlodevitsse, desorts  30  ralson (134) comprennent un comparatbur A 8
qu'un produit resultant comprend un dit signal de  bits pour comparer le
comptb sorti par les huit fonction ayant une amplitude de creto en rapport
bits de rang inferieur du compteur A 9 bits et le avec la
grandeurduditsignal de contrOledevoits-   compte sorti parle compteurA 8
bits apres qu'un so.                                               bitde
rang sup6rieurdu compteura 9 bitsest pas- 35     s6 A 1, le compteur A 9
bits g6n6rant en outre un 3. Circuit de commando num6rique-analoglque (10)
signal de comptage complet pour arrAter le solon la revendication 2, dans
lequel: Is moteur  comptage de celul-ci. A courant continu sans balal
comprend un stator connecte en etoile avec une connexion A une   6. Circuit
de commands numerique-analogique (10) phase neutre; des moyens de commando
de pha-  40  solon la revendication 5, comprenant en outre ses multiples
bipolaires source-dissipateur plel-  des moyens de consultation de table de
g6nera- no onde fonctionnent durant le fonctionnement     tion de fonction
connect6s de maniere A etre initial du motbur (11) a courantcontinu sans
balal;  adress6s par le compteur A 9 bits et pour fournir les moyens
logiques (40) comporent des            une sortie au comparateur A 8 bits,
de sorts moyens de commando pour commander les  45         quune fonction
numerique d'une caract6ristique moyons de commando de phases multiples
bipo-      souhaite pr6d6termin6e pout Gtre g6n6r6e par laires
source-dissipatour pleine onde en r6ponse  les moyens (60) de g6n6ration de
fonction nume- A un signal de controle operatlonnel de commu-    riqus. 



tation; des moyens (20) de commando de phase neutre en combinalson avec les
multiples  5o  7. Circuit de commando numerique-analogique (10) moyens (24,
26, 28) de commando de phase A        solon l'une quelconque des
revendications pr6- transistorfonctionnent durant un fonctionnement
cedentes, dans lequel les moyons loglques (40), soutonu de montee de
vitesse du moteur A cou-     les multiples moyens (106, 108, 110) de
conver- rant continu sans balal; et des moyons (39) A ml-  sion
numerique-analogique et les multiples crocontroleur numerique du motbur
sont fournis  ss  moyens (24, 26, 28) de commando de phase A pour
surveiller et contr6ler les moyens (44) de  transistor representent au
moins une partie d'un generation de signal de controle de vitbsse et
r6seau (30) A circuit integre analogique unique, pour g6nerer Is signal de
contrOl. operatlonnel   les moyens (60) de generation de fonction nume- 11
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22 rique repr6sentent au moins une partle d'un r6- seau A circuit integre
numerique unique et dans lequel deux lignes (41, 43) de connexion de si-
gnal sont connectees entre le reseau (30) a cir- cult integre analogique et
le reseau A circuit lnt6-   5 gre num6rique associ6 au circuit (10) de
commands num6rique-analogique. 8. Circuitde commands num6rique-analoglque
(10) solon l'une quelconque des revendications pr6-  lo cidentes, dans
lequel les moyens (12) de g6ne- ration de commutation de phase comprennent
une pluralite de moyens de d6tectlon A effet Hall. 9. Circuit de commando
num6rique-analoglque (10)  15 solon l'une quolconque des revendications
pre- cedentes, dans loquel Is motour (11) A courant continu sans balai
comprend un moteur axial d'un sous-systbme de memorisation de donn6es pour
la commande d'un disque dur.             20 10. Circuitdo commande
num6rique-analogique (10) solon l'une quelconque des revendications pr6-
c6dentbs, dans loquel le moteur (11) A courant continu sans balal est un
motbur (11) A courant  25 continu sans balal bobln6 triphas6, et trols
moyens (106, 108, 110) de conversion num6ri- que-analogique et trois moyens
(24, 26, 28) de commando de phase A transistor sont fournis. 30 11. Circuit
de commando num6rique-analogique (10) solon l'une quelconque des
revendications pr6- c6dentes, dans loquel Is signal de fonction num6- rique
est un signal de commando trap6zoddal d'une manibre g6ndrale et est
appliqu6 auxdits  35 multiples moyens (24, 26, 28) de commando de phase A
transistor. 40 46 50 65 12    


