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Such eddy currents occur in steel plate when the magnetic field is changed
as a function of time. In This invention is directed generally to the field
cases of a motor such as the type described here- of disc drives and more
particularly to an improved  in, when the field is reversed, which happens
at a spindle motor construction for a disc drive.   5   relatively high
frequency, eddy currents are in- This invention is especially useful in a
spindle  duced in the direction that produces a magnetic motor used in a
rotary actuator of the type dis-   field to oppose the change. Thus,
significant eddy closed in US-A-5051855 and 4881140.                current
losses can occur. Disc drive machines record and reproduce in-       Prior
efforts to reduce eddy current losses formation stored on concentric
circular tracks on   10  have attempted to use a return path constructed
magnetic discs. These recording discs are driven   out of powdered metal
such as steel of 3% silicon. at a constant rotational speed by a spindle
motor,  Some reduction in losses will occur; however, the while a
transducer is selectively positioned over  powered metal is difficult to
manufacture in thin locations on the disc where the information to be
sheets, and material that has good high frequency accessed is stored, in
order to be able to rapidly  15  performance tends to be brittle in such
thin sheets. and accurately access the information stored on        In some
such motors, it is known to provide a the disc. Therefore it is important
to provide a   stationary magnetic return path annular on the op- spindle
motor capable of quickly bringing the discs  posite side of the coils for
the flat, rotating magnet. up to their constant rotational speed, and which
is  JP-A-62 293959 discloses an example of such an also capable of
maintaining that constant rotational  20  arrangement. speed for a
significant period of time.                It is an objective of this
invention to provide an The difficulty of properly designing such a mo-
improved disc drive spindle motor which is in- tor is compounded by the
constant reduction in     expensive to manufacture and assemble. size of
disc drives. Disc drives have an increas-      This invention provides a
spindle motor for use ingly low profile, thereby necessitating the use of
25  in a disc drive comprising a base casting for the many innovative
design techniques in achieving an  drive, a shaft extending through said
base casting efficient, low profile dc spindle motor. One answer  and
carrying a hub supporting one or more discs to the problem of the need for
such a motor has    for rotation, said shaft being supported for rotation
been the use of what is commonly termed a pan-     in said casting by one
or more bearings, a flat rotor cake motor. The common structural features
of a   30  connected to the shaft and extending axially par- pancake motor
include a plurality of flat, axial coils  allel to the base casting, said
rotor comprising a of the air core type affixed to a printed circuit
magnet supported by a rotor support plate carried board to define the motor
stator. The coils are    on an end of said shaft, a plurality of axially
orien- regularly axially spaced about a motor shaft which  tated air core
coils disposed in a toroidal path extends through the printed circuit
board. One end   35  around said shaft and in a plane parallel to said flat
of the shaft is mounted on bearings to extend up   rotor and a toroidal
magnetic return path element in through the disc drive base casting, the
top of the  the form of a wound coil of thinly sliced sheet steel shaft
carrying a hub which supports one or more    to complete the magnetic
circuit, disposed on the discs for constant rotation. The other end of the
opposite side of said axially oriented coils from shaft supports a shallow,
cup-shaped element con-  40  said rotor; wherein a single printed circuit
board is taining an annular permanent magnet comprising     provided
mounted on the base casting with first the motor rotor. The rotor and
stator operate in   and second surfaces of the board out of contact
combination to provide a brushless dc motor par-   with the casting; said
air coils being located on said ticularly suited for a disc drive.
first surface of the board and said magnetic return When the coils are
energized in order, currents  45  path element being supported on the
second sur- flowing therethrough interlink with magnetic flux  face of the
board. from the permanent magnet so as to generate            The tape
wound magnetic return path allows torque for rotating the motor shaft. In
some such  the magnetic flux to flow easily in a circumferential motors, it
is known to provide a stationary magnetic  direction, while preventing eddy
currents from flow- return path annular on the opposite side of the coils
50  ing in a radial direction, thereby signficantly reduc- from the flat,
rotating magnet.                    ing eddy current losses. In a preferred
form, the The use of such a stationary magnetic return    steel would be
0.010 cms (.004") thick and 0.15 path is already known in this technology.
However,  cms (.060") wide, and is formed by winding on a such stationary
magnets are usually stamped from   core to a suitable size. Such a tape
wound coil is a sheet of magnetic steel. Because of the direction   55
mechanically sound, and inexpensive to manufac- of magnetic flux in the
steel runs perpendicular to  ture. By providing the coil on one side of a
printed the direction of lamination, high current losses are  circuit board
opposite to the side of the printed induced and represent a significant
loss of power.  circuit board that supports the flat stator coils, and 2



3                 EP 0 393 266 B1                     4 by further
designing the printed circuit board to  coils 44A-F, which are affixed to
the printed circuit include all necessary electronic components for
board as shown in FIG 2A. It can be seen from an commutation of the axial
coils and rotor position  inspection of FIG 1 that the coils 44 are aligned
sensing, a highly efficient spindle motor, inexpen-  with and overlie the
annular magnet 43 so that with sive to manufacture and assemble, is
achieved.  5   selective sequential energization of the coils 44, a The
features and advantages of this invention   magnetic path is completed
between a section of will be better understood with reference to the    the
magnet of one polarity, one of the coils, and following drawings, wherein:
returning to an oppositely polarized section of the FIG 1 is vertical
sectional view of a spindle    magnet 43. Thus, by sequentially energizing
the motor incorporating this invention;         10  coils, rotation of the
magnet and its rotor 43 and FIG 2 shows the single printed circuit board
thus, the shaft 18, is achieved. used to support both the coils and the
magnetic     It is well known in this technology to provide a return path
of the disc drive;                   magnetic return path 50 to efficiently
complete the FIG 3 illustrates the steel core coil that forms  magnetic
circuit. However, as discussed above, the magnetic return path of this
invention;  15  such magnetic return paths have typically been FIGs 4A, 4B
and 4C illustrate the improvement    formed of sheet steel or powdered
metal, and thus gained by this invention in reduction of eddy    have been
subjected to significant eddy current currents; and
losses. As more specifically shown in FIG 4A, the FIGS 5A and 5B are a
vertical sectional view     eddy currents illustrated by the arrows 52 in
FIG and plan view, respectively, of the base casting   20  4A can be
significant in solid steel return paths as it supports the molded circuit
board of the   because there is nothing to block the current flow.
invention.                                          FIG 4B illustrates one
form of this invention, in In order to facilitate understanding of this in-
that the return path is formed of coarsely wound, vention and the problems
solved thereby, reference  i.e., relatively thick, steel spiral. Here, as
illustrated will first be made to FIG 1 in which a flat, brushless   25  by
the arrows 54B, the eddy currents are signifi- dc motor 10 of a type
incorporating this invention is  cantly reduced, as there is only a limited
place for illustrated in vertical section. The low profile spin-  current
to flow. FIG 4C illustrates a more finely die motor 10 uses bearings 12, 14
incorporated     wound return path element, resulting in even more directly
into the disc drive base casting 16 to    limited eddy currents, as
indicated by arrows 54C. support the shaft 18 for rotation. A hub 20 sup-
30  In the preferred form of this invention illustrated ported on the top
of the shaft 18 carries one or   in FIG 3, the return path is formed of
wound steel more discs 22 for rotation. Appropriate preload of  tape 60 on
the order of 0.010 cms (.004") thick and the bearings 12, 14 is achieved
and maintained     0.15 cms (.060") wide. Because of the very limited with
a spring 24 located between the bearings and   path for current to flow,
the eddy currents are very arranged to produce a preload configuration
known   35  small (see FIG 4C). Therefore, with this breaking as DB in the
art, which provides the greatest possi-  up of the eddy current paths, the
eddy currents are ble stability for the bearing system within the cast-
significantly diminished, maximizing the efficiency ing 16.
and power of the motor design. The motor electronics are provided mounted
A further efficiency of the present design is on a single printed circuit
board 26 supported from   40  illustrated and apparent from FIGs 2A and 2B.
As the casting 16. Specifically, the casting 16 has   shown in these
figures, all the discrete and LSI shoulders 30 and 32 which define a
central bore in  type electronic components such as the drive which the
bearings 12, 14 which support the shaft  speed control electronics for both
the stepper mo- 18 are located. Located on the outer surface of the  tor 70
and spindle motor 10 (shown more clearly in shoulder 32 is an opening that
may be used to  45  FIG 5B) are mounted on a single molded printed locate
the inner end 36 of the printed circuit board  circuit board 26. FIG 2A
shows the front ("pri- 26 to the casting 16. The outer end 38 of the
mary") side 59 of this printed circuit board 26 printed circuit board is
similarly supported from the  mounting in annular array the six air core
axial coils casting 16.                                        44A-F whose
selective energization drives the rotor The outer end of the shaft 18
supports a shal-  50  of the motor. Posts 61 are provided molded into low
cup-shaped element 40 having an up-turned      the board surface 69 to
maintain the shape of each end 42 which forms the support for the motor
rotor.  coil 44 and its accurate alignment in the annular The cup-shaped
element 40 supports a motor rotor   array. in the form of an annular
permanent magnet 43          The necessary Hall effect devices 64A-C to
which is adhered to its inner surface. In a preferred  55  control
selective energization of the coils of the embodiment, the annular magnet
43 is configured    motor are arrayed on the same printed circuit to have
eight pie-shaped sectors of alternating    board surface 59, together with
all the other elec- magnetic polarities, facing the six flat axial air core
tronic components necessary for control of the 3    



5                 EP 0 393 266 B1                      6 stepper motor at
electronics section 73 adjacent to  3  A spindle motor as in Claim 2,
characterised in the stepper motor region 75 and spindle motor
that the magnetic return path (60) is formed of electronics 77 adjacent to
the region 79 for mount-    steel about 0.15 cms wide. ing the spindle
motor. In this way, assembly of the motor is facilitated, and its overall
structural integ-   s   4. A spindle motor as in any of Claims 1 to 3, rity
is maximized. The precise location of the Hall     characterised in that
control electronics (64A to devices 64A-C relative to the assembled spindle
C) for controlling rotation of said shaft (18) are motor is also achieved.
mounted adjacent to said coils (44A to F) on The other side 63 of the
molded board (shown         said printed circuit board. in FIG 2B) supports
the coil 60 directly beneath the   to casting 16 shown in FIG 1. The
casting 16 itself is  5. A spindle motor as in any of Claims 1 to 4, shown
in a vertical sectional view in FIG 5A, and in    characterised in that
shaft (18) extends through plan view in FIG 5B. This view illustrates the
rela-    a bore in said casting, said bore defining a tive positions of the
location 79 for the spindle       shoulder (32) on the side of said casting
op- motor and the location 75 for the stepper motor.  is    posite said
disc for mounting and supporting The molded printed circuit board as shown
in FIG        said printed circuit board (26). 5B underlies the entire
region allocated to the spindle motor, and lies adjacent to the region al-
5. A spindle motor as in any of Claims 1 to 5, located to the stepper
motor. The use of this board     characterised in that the periphery (38)
of said to support the coil 60, cores 44 and electronics 73,  20  printed
circuit board (26) is supported from 7 provides for quick assembly, precise
alignment       said casting (16). of all elements of the spindle motor and
effective use of space in this disc drive.                    7. A spindle
motor as in any of Claims 1 to 6, including a plurality of posts (61)
molded in Claims                                          25      said
surface (59) of said printed circuit board (26) in annular array, said
coils (44A to F) 1. A spindle motor for use in a disc drive com-
being mounted adjacent to said posts to main- prising a base casting (16)
for the drive, a shaft  tain the shape of the coils and their alignment
(18) extending through said base casting and        in the annular array.
carrying a hub (20) supporting one or more  30 discs for rotation, said
shaft being supported   8  A spindle motor as in any of the Claims 1 to 7,
for rotation in said casting by one or more          characterised in that
said base casting further bearings (12, 14), a flat rotor (43) connected to
comprises means (75) for supporting a stepper the shaft and extending
axially parallel to the      motor relative to the constantly rotating disc
of base casting, said rotor comprising a magnet  35     said spindle motor.
(43) supported by a rotor support plate (40) carried on an end of said
shaft, a plurality of  9. A spindle motor as in any of Claims 1 to 8,
axially orientated air core coils (44A-F) dis-       characterised in that
said single printed circuit posed in a toroidal path around said shaft and
board extends to be adjacent to the region in a plane parallel to said flat
rotor and a   40    allocated to said stepper motor, the control toroidal
magnetic return path element in the         electronics for said spindle
motor being moun- form of a wound coil of thinly sliced sheet steel    ted
adjacent said spindle motor on said printed to complete the magnetic
circuit, disposed on        circuit, the control electronics for said
stepper the opposite side of said axially oriented coils     motor being
mounted adjacent to said stepper from said rotor; characterised in that a
single  45  motor on said printed circuit board. printed circuit board (26)
is provided mounted on the base casting with first and second sur-   10. A
spindle motor as in any of Claims 1 to 9, faces (59, 63) of the board out
of contact with      characterised in that a plurality of posts are the
casting said air coils (44A-F) being located     molded in the surface of
said printed circuit on said first surface (59) of the board and said  so
board in annular array, said coils being moun- magnetic return path element
(60) being sup-         ted adjacent to said posts to maintain the ported
on the second surface of the board.           shape of the coils and their
alignment in the annular array. 2. A spindle motor as in Claim 1,
characterised in that the magnetic return path (60) is formed of  55
PatentansprUche steel about 0.010 cms thick. 1. Spindelmotor fir den
Gebrauch in einem Plat- tenlaufwerk 4    
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electronics section 73 adjacent to  3. A spindle motor as in Claim 2,
characterised in the stepper motor region 75 and spindle motor
that the magnetic return path (60) is formed of electronics 77 adjacent to
the region 79 for mount-     steel about 0.15 cms wide. ing the spindle
motor. In this way, assembly of the motor is facilitated, and its overall
structural integ-   5   4. A spindle motor as in any of Claims 1 to 3, rity
is maximized. The precise location of the Hall     characterised in that
control electronics (64A to devices 64A-C relative to the assembled spindle
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mounted adjacent to said coils (44A to F) on The other side 63 of the
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(43) supported by a rotor support plate (40) carried on an end of said
shaft, a plurality of  9. A spindle motor as in any of Claims 1 to 8,
axially orientated air core coils (44A-F) dis-       characterised in that
said single printed circuit posed in a toroidal path around said shaft and
board extends to be adjacent to the region in a plane parallel to said flat
rotor and a   40    allocated to said stepper motor, the control toroidal
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motor being moun- form of a wound coil of thinly sliced sheet steel    ted
adjacent said spindle motor on said printed to complete the magnetic
circuit, disposed on        circuit, the control electronics for said
stepper the opposite side of said axially oriented coils     motor being
mounted adjacent to said stepper from said rotor; characterised in that a
single  45  motor on said printed circuit board. printed circuit board (26)
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spindle motor as in any of Claims 1 to 9, faces (59, 63) of the board out
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PatentansprUche steel about 0.010 cms thick. 1. Spindelmotor fUr den
Gebrauch in einem Plat- tenlaufwerk 4    
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Basisgulstick (16) fUr das          sich durch eine Bohrung in dem
Gu1stu.ck Laufwerk,                                     erstreckt, wobei
die Bohrung eine Schulter (32) - mit einer Welle (18), die sich durch das
auf der der Platte gegentberliegenden Seite Basisgul3stock erstreckt und
eine Nabe        des GuBstdcks zum Anbringen und AbstUtzen (20) tragt,
welche eine Platte oder meh-   5  der gedruckten Leiterplatte (26) bildet.
rere Platten drehbar abstltzt, wobeil die Welle in dem GuBstUck durch ein
oder       6. Spindelmotor nach einem der Anspruche 1 bis mehrere Lager
(12, 14) drehbar gelagert        5, dadurch gekennzeichnet, daB der Umfang
ist,                                          (38) der gedruckten
Leiterplatte (26) von dem - mit einem flachen Rotor (43), der mit der  10
GuBsttck (16) abgestUtzt !st. Welle verbunden ist und sich axial paral- lel
zu dem BasisguBstlick erstreckt, wo-   7. Spindelmotor nach einem der
Ansprtiche 1 bis bei der Rotor einen Magnet (43) aufweist,     6 mit
mehreren Stiften (61), die in der Oberfla- der von einer an einem Ende der
Welle         che (59) der gedruckten Leiterplatte (26) in getragenen
RotorstUtzscheibe (40) abge-  15   ringf8rmiger Anordnung geformt sind,
wobei stUtzt !st,                                   die Spulen (44A bis F)
angrenzend an die - mit mehreren axial ausgerichteten Spulen       Stifte
angebracht sind, urn die Form der Spu- (44A-F) mit Luftkern, die ringf6rmig
um        len und ihre Ausrichtung in der ringf6rmigen die Welle und in
elner zu dem flachen          Anordnung aufrechtzuerhalten. Rotor
parallelen Ebene angeordnet sind,  20 und
8  Spindelmotor nach einem der Ansprtiche 1 bis - mit einem  ringf6rmigen
magnetischen           7, dadurch gekennzeichnet, daB das Basisguf3-
RUckleitungselement in Form elner Wik-        stUck ferner Einrichtungen
(75) zum AbstUtzen kelspule aus dUnn geschnittenem Stahl-        eines
Schrittmotors relativ zu der konstant ro- blech zur schlieBung des
magnetischen   25    tierenden Platte des Spindelmotors aufweist.
Kreislaufs, das auf der dem Rotor gegen- Uberliegenden Selte der axial
ausgerich-   9. Spindelmotor nach einem der AnsprUche 1 bis teten Spulen
angeordnet ist,                  8, dadurch gekennzeichnet, dal3 die
einzelne dadurch gekennzeichnet, daB eine einzelne ge-      gedruckte
Leiterplatte sich angrenzend an den druckte Leiterplatte (26) auf dem
BasisguB-   30  dem  Schrittmotor zugeordneten Bereich er- staick
angebracht !st, wobei eine erste (59) und   streckt, wobei die
Steuerelektronik fir den eine zweite Oberflache (63) der Leiterplatte
Spindelmotor angrenzend an den Spindelmotor nicht mit dem GuBstlck In
Kontakt sind, wobei      auf der gedruckten Leiterplatte und die Steuer-
die Spulen (44A-F) mit Luftkern auf der ersten     elektronik fir den
Schrittmotor angrenzend an Oberflache (59) der Leiterplatte und das ma-  3s
den Schrittmotor auf der gedruckten Leiterplat- gnetische
RUckleitungselement (60) auf der         te angebracht ist. zweiten
Oberfl~che der Leiterplatte gelagert ist.
10. Spindelmotor nach einem der Ansprlche 1 bis 9, dadurch gekennzeichnet,
daB eine Vielzahl J  2. Spindelmotor nach Anspruch 1, dadurch ge-  40
von Stiften in der Oberflache der gedruckten kennzelchnet, daB die
magnetische RUcklei-         Leiterplatte in ringf6rmiger Anordnung geformt
tung (60) aus Stahl von ungefahr 0,010 cm          ist, wobel die Spulen
angrenzend an die Stifte Dicke besteht.
angebracht sind, um die Form der Spulen und ihre Ausrichtung in der
ringformigen Anord- 3. Spindelmotor nach Anspruch 2, dadurch ge-  45
nung aufrechtzuerhalten. kennzeichnet, daB die magnetische RUcklei- tung
(60) aus Stahl von ungefghr 0,15 cm        Revendlcatlons Breite besteht.
1. Moteur de pile de disques a utiliser dans une 4. Spindelmotor nach einem
der Ansprtiche 1 bis  so    unite de disques comportant une piece moul6e 3,
dadurch gekennzeichnet, daB elne Steuer-        (16) de base pour l'unite,
un arbre (18) s 6ten- elektronik (64A bis C) zum Steuern der Dre-
dant a travers ladite pibce moul~e de base et hung der Welle (18)
angrenzend an die Spulen       portant un moyeu (20) supportant un ou plu-
(44A bis F) auf der gedruckten Leiterplatte        sieurs disques pour les
faire toumer, ledit ar- angebracht ist.                            55
bre 6tant supporte de fagon a tourner dans ladite pibce moulee par un ou
plusieurs paliers 5. Spindelmotor nach einem der Ansprtche 1 bis
(12, 14), un rotor plat (43) relie a l'arbre et 4, dadurch gekennzeichnet,
daB die Welle (18)      setendant de fagon a etre parallble axialement 5
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base, ledit rotor compor-  7. Moteur de pile de disques selon l'une
quelcon- tant un aimant (43) supporte par une plaque       que des
revendications 1 a 6, comprenant (40) de support de rotor portee sur une
extr6-    plusieurs colonnettes (61) venues de moulage mit6 dudit arbre,
plusieurs enroulements (44A-    dans ladite surface (59) de ladite
plaquette (26) F) a noyau d'air orientes axialement, dispos6s   a  A
circuit imprim6 en une rang6e annulaire, en un trajet toroTdal autour dudit
arbre et dans  lesdits enroulements (44A a F) etant montes a un plan
parallele audit rotor plat et un element  proximit6 immediate desdites
colonnettes pour \.-t  toro~dal de trajet de retour magnetique sous la
maintenir la forme des enroulements et leur forme d'un enroulement bobine
d'une feuille       alignement dans la rangde annulaire. d'acier coup6e en
tranche mince pour comple-  10 ter le circuit magnetique, dispose sur le
cote  &  Moteur de pile de disques solon l'une quelcon- oppose desdits
enroulements orientes axiale-      quo des revendications 1 A 7,
caracterise en ment par rapport audit rotor ; caract6ris6 en ce  ce quo
ladite piece moulee de base comporte qu'une plaquette unique (26) a circuit
imprim6    en outre des moyens (75) pour supporter un est prevue et montee
sur la piece moul6e de   Is  moteur pas a pas par rapport au disques en
base de maniere quo des premiere et seconde       rotation constanto dudit
moteur de pile de dis- surfaces (59, 63) de la plaquette ne solent pas
ques. en contact avec la piece moulde, lesdits enrou- loments a air (44A-F)
6tant plac6s sur ladite  9. Moteur de pile de disques solon l'une quelcon-
premiere surface (59) de la plaquette et ledit  20  quo des revendications
1 a 8, caract6ris6 en 6lment (60) de trajet de retour magnetique       ce
quo ladite plaquette unique a circuit impri- 6tant supporte sur la seconde
surface de la       me s'6tend de fagon & etre adjacente a' la plaquette.
zone affect6e audit moteur pas a pas, les moyens 6lectroniques de commando
pour ledit 2. Moteur de pile de disques solon la revendica-  25  moteur de
pile de disques 6tant montes a tion 1, caract~ris6 en ce quo le trajet (60)
de   proximite immediate dudit moteur de pile de retour magndtique est
form6 d'acier d'une         disques sur ledit circuit imprime, les moyens
epaisseur d'environ 0,010 cm.                     6lectroniques de commande
pour ledit moteur pas a pas 6tant montes de fagon a 8tre adja- a  Moteur de
pile de disques solon la revendica-  30  cents audit moteur pas a pas sur
ladite pla- tion 2, caractdris4 en ce quo le trajet (60) de   queute &
circuit imprimd. retour magndtique est form4 d'acier d'une lar- geur
d'environ 0,15 cm.                        10. Moteur de pile de disques
solon l'une quelcon- quo des revendications 1 & 9, caracterlse en 4. Moteur
de pile de disques solon l'une quelcon-  35  ce quo plusiours colonnettes
sont moulees quo des revendications 1 A 3, caracteris6 en      dans la
surface de ladite plaquette & circuit ce quo des moyens 6lectroniques (64A
a C)         imprime en une rangeo annulaire, lesdits en- de commando
destin6s a commander la rota-         roulements 6tant mont6s de fagon &
8tre adja- tion dudit arbre (18) sont montes a proximite     cents auxdites
colonnettes pour maintenir la imm6diate desdits enroulements (44A A F) sur
40  forme des enroulements et leur alignement ladite plaquette a circuit
imprime.               dans la rangee annulaire. 5. Moteur de pile de
disque selon l'une quelcon- quo des revendications 1 & 4, caracterise en ce
quo ledit arbre (18) passe dans un alesage   45 de ladite pitce moul6e,
ledit alesage definis- sant un epaulement (32) sur le c8t6 de ladite piece
moul6e oppos6 audit disque pour le montage et le support de ladite
plaquette (26) a circuit imprime.                        so 6. Moteur de
pile de disques solon l'une quelcon- quo des revendications 1 a 5,
caracteris6 en ce quo la peripherie (38) de ladite plaquette (26) a circuit
imprime est supportee par ladite  55 piece moul6e (16). 6 *  C   L  M   S
*    


