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Electric motor with connector element on foil-shaped insulating substrate.

The invention relates to an electric motor comprising a first part and a second
part which are rotatable with respect to each other about an axis of rotation, wherein the first
part comprises a foil-shaped insulating substrate, on which a plurality of series-connected
spiral-shaped patterns of conductor tracks are provided and which is bent as a circular-
cylindrical body extending, seen in a direction parallel to the axis of rotation, between a first
and a second imaginary end surface and being mounted on a carrier near the first end surface,
and wherein the second part comprises a permanent magnet unit for generating a magnetic
field at the location of the conductor tracks, said first part being provided with connector
means for connecting said conductor tracks to an electrical energy source.

. The invention further relates to a data storage unit comprising a support for at
least one information carrier, an electric motor for rotating the support about an axis of

rotation, and a scanning unit for scanning the information carrier.

A data sforage unit and an electric motor of the kinds mentioned in the
opening paragraphs are known from EP-B-0 764 357. The known data storage unit is a hard
disc drive, wherein a plurality of hard discs are arranged in mutually parallel positions on the
rotatable support. The known electric motor, which is used to rotate the support about the
axis of rotation, comprises a circular-cylindrical stator body comprising three layers of the
foil-shaped insulating substrate. The patterns of conductor tracks form a three-phase electric
coil system, wherein each layer of the stator body comprises one of the respective phases.
The conductor tracks constitute relatively thin copper tracks, which are provided on the
substrate by means of an etching process. The known electric motor further comprises a
circular-cylindrical rotor body, which is fastened to the support and comprises a circular-

cylindrical permanent magnet and a circular-cylindrical closing yoke, the stator body being

~arranged in a circular-cylindrical gap which is present between the magnet and the closing

yoke. The connector means of the known electric motor comprise two strip-like foil elements
for each phase of the coil system, on which foil elements extensions of an initial and an end
conductor track of the relevant phase are provided. Said strip-like foil elements extend in an
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imaginary plane extending through the substrate, and are arranged outside the boundanes of
the substrate formed by the first and the second end surface

A dlsadvantage of the known data storage umt and the known electric motor
used therein is that, dunng the manufactunng process of the first part of the motor and the
manufacturing process of the motor, the strip-like foil elements of the connector means of the
motor can easily be bent- under the influence of i maccurate handlmg forces and movements,
whereby the complete substrate can be rendered useless for the further manufacturing
process. Thus, to avoid an excessrve percentage of rej ected parts during the manufactunng

process, the accuracy of the manufactunng process must be relatlvely high.

-~ Itisan object of the invention to provide an electric motor and a data storage
unit of the kinds mentloned in the opening paragraphs, in which the disadvantage of the
known electric motor and the known data storage unit is prevented as much as p0531ble

To ach1eve th1s object, an electric-motor in accordance with the invention is -

_ charactenzed in that said connector means comprise a first connector element, which is

provided on the substrate between the first and the second end surface near the first end
surface:and is electrically connected to the conductor tracks and a second connector element,
which is provided on the camer and is electrically connected to the first connector-element.

To achieve .tlus object, a data storage unit in accordance with the invention is
characterized in that the 'e!.efctric motar used therein is an ele'ct'ric motor in accordance with
the invention. | _ ' |

- Since the first connector element is provided on the substrate between the first
and the second end surface of the substrate, the first connector element is protected against
damage, which could result from inaccurate handling forces and movements during the -
manufacturing process. The first connector element can be connected to the energy source via
the second connector ele_rnent, which is also effectively protected against damage as a result
of its presence on the. camer In this way, a practical and robuSt construction of the connector
means is achieved. | .

A particular ¢ embodlment of an electric motor in accordance with the invention
is characterized in that the- ﬁrst connector element compnses an additional conductor track.
The additional conductor track can be provided on thie substrate in a similar manner as and
simultaneously with the patterns of conductor tracks, for example by means of an etch
process. Thus, the manufacturmg process of the electric motor is further simplified. Besides,
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said additional conductortrack is substantially not susceptible to damage caused by
inaccurate handling forces -afid movements during the manuf'achmng process of the motor.

A further etxibodiment of an electric motor in accordance with the invention is
characterized in that the additional conductor track extends substantially parallel to the first
end surface. In this further embodiment, a great freedom of design is achieved regarding the
position of the second connector element on the carrier, because the length of the additional
conductor track can be adapted to the desired position of the second connector element.

Yet another embodiment of an electric motor in accordance with the invention
is characterized in that the substrate is provided with a metal track extending near the first
end surface, substantially parallel to the first end surface, and substantially over the complete
length of the substate, wherein part of said metal track constitutes the additional conductor
track. As a result of the presence of said metal track, a substantially uniform bending stiffness
of the substrate is achieved over the complete length of the substrate, so that said circular-
cylindrical body of the first part of the motor, which is formed by bending said substrate, has
an accurate circular-cylindrical form. . '

A particular embodiment of an electric motor in accordance with the invention
is characterized in that the circular-cylindrical body comprises at least two substrate layers,
wherein each layer, which is present between another layer and a connector element on the
carrier connected to the other layer, is provided with an opening in the substrate through
which said connector element extends. By virtue of said opening in each relevant layer, each
layer can be provided with a connector element which is positioned on the substrate between
the first and the second end surface of the substrate. Since the connector element on each
relevant layer is provided near the first end surface, the opening can be formed as a simple
recess in the edge of the substrate which is present near the first end surface.

Embodiments of the invention will be explained in more detail below with
reference to the drawing; in which

Fig. 1 is a diagrammatic plan view of a data storage unit in accordance with
the invention provided with an electric motor in accordance with the invention, -

Fig. 2 is a side elevation of the data storage unit of Fig. 1,

Fig. 3 is a diagrammatic cross-section of an electric motor in accordance with

the invention used in the data storage unit of Fig. 1,
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. Fig: 4 diagrammatically shows a forl-shapcd msulatmg substrate carrymg a

- coil system of the. electnc motor of Fig. 3,

- Fig. 5 shows a connector means of the electnc motor of Fig. 3, and

Fig. 6 shows a connector element of the connector means of Flg 5.

A data storage unit 1 in accordance with the' mventxon shown in Figs. 1 and 2
comprises a housing 3 accommodatmg a support Sfora number of information carriers 7.
The support 5 is rotatable about an axis of rotation 9. The mformatron carriers 7 are magnetlc
hard discs which are arranged around the support 5in mutually parallel positions

perpendicular to the axis o.f. rotation 9. The housmg 3 further accommodates a scanning unit

" 11 comprising a number'of magnetic heads 13 which are mounted on an arm 15 which is

- pivotable about a pivot ax1s 17 extending parallel to the axis of rotation 9. The scanning unit

11 comprises a separate magnettc head 13 for each mformatlon catrier 7, only one of the
magnetic heads 13 being v1s1ble in Fig. 1. The information’ carners 7 are read or written by
the magnetic heads 13 in that the support 5 carrying the mformatlon carriers 7 is rotated
about thie axis of rotation 9 in a rotational duectlon R and the magnetic heads 13 are
positioned relative to. the rotatmg mfonnatlon carriers 7 by plvotmg the arm 15 in pivotal

directions P and P°. _ _ ] :
'Ihe support 5 of the data storage unit 1 is rotatable about the axis of rotation 9

by means of an electric motor 191in accordance with the mventlon, which is

dlagrammatrcally shown i m =F1g. 3. The motor 19 comprises a first part 21, which is mounted
in a fixed position relative to the housing 3 of the data stbrage unit 1, and a second part 23,
which is rotatable with respect to the first part 21 about the'a)__éis of rotation 9 and to which the
support 5 of the data stomge unit 1 is mounted. The first part 21 of the motor 19 comprises a
central shaft 25, which has a central axis coinciding with the axis of rotation 9 and which is
mounted to the housing 3 -an annular carrier 27, which is mounted to the shaft 25 and extends
perpendicularly to the axis of rotation 9, and a clrcular-cylrndncal stator body 29, which is
mounted to the carrier 27 and is concentric rclative.tothe axis of rotation 9. The second part
23 of the motor 19 compnses asleeve 31, which is concentnc relative to the axis of rotation
9,and a cxrcular-cyhndncal rotor body 33, which is also concentnc relative to the axis of
rotation 9 and is partially mounted on an outer wall 35 of the sleeve 31 and partially on an
inner wall 37 of the supﬁoﬁi 5. The first part 21 and the second part 23 of the motor 19 are
journalled relative to each other by means of two radial dynamic groove bearings 39 and 41,
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which are arranged ata dig_tance from each other, seen in a direction parallel to the axis of
rotation 9, and which are provided on the central shaft 25 afid 6n the sleeve 31, and by means
of two axial dynamic groove bearings 43 and 45, which are provided on an annular thrust
plate 47 mounted to the central shaft 25 and on an annular recess 49 provided in the sleeve
31. The groove bearings 39, 41, 43, 45 are of a kind which is generally known.

| The circular-cylindrical stator body 29 comprises a foil-shaped insulating
substrate 51 on which a three-phase electric coil system 53 is provided. The substrate 51 is
bent or rolled up so as to form a circular-cylindrical body 55 comprising three layers 57a,
57b, 57c of the substrate 51 and extending, seen in a direction parallel to the axis of rotation
9, between a first imaginary end surface 59 and a second imaginary end surface 61 both
extending perpendicularly to the axis of rotation 9, said body 55 being mounted on the carrier
27 near said first end surface 59. The insulating substrate 51 comprising the coil system 53 is
shown in an unrolled condition in Fig. 4. The substrate 51 comprises a first side 63 facing the
axis of rotation 9 in a rolled-up condition and a second side 65 which is remote from the axis
of rotation 9 in a rolled-up condition. On both sides 63, 65 of the substrate 51, three groups of
series-connected spiral-shaped patterns of copper conductor tracks are provided on the
substrate 51 by means of an etching process. In the embodiment shown, the first or inner
layer 57a of the substrate 51 comprises a first.group 67 of patterns 67a-67f on the first side 63
and a second group 67’ of patterns 67°a-67’f on the second side 65, wherein the pattern 67ais -
electrically connected to the pattern 67’a, the pattern 67°a is electrically connected to the
pattern 67°b, the pattern 67°b is electrically connected to the pattern 67b, etc. Thus, the
patterns 67a-67f and 67°a-67°f are series-connected and form a first phase of the three-phase
coil system 53. Likewise, the second or middle layer 57b of the substrate 51 comprises a third
group 69 of patterns 69a-69f on the first side 63 and a fourth group 69’ of patterns 69°’a-69°f
on the second side 65, wherein the pattern 69a is electrically connected to the pattern 69°a,
the pattern 69°a is electrically connected to the pattern 69°b, the pattern 69°b is electrically
connected to the pattern 69b, etc. Thus, the patterns 69a-69f and 69’a-69°f are series
connected and form a second phase of the three-phase coil system 53. Finally, the third or
outer layer 57c of the substrate 51 comprises a fifth group 71 of patterns 71a-71f on the first
side 63 and a sixth group 71’ of patterns 71°a-71’f on the second side 65, wherein the pattern
71a is electrically connected to the pattern 71°a, the pattern 71°a is electrically connected to
the pattern 71°b, the pattern 71°b is electrically connected to the pattern 71b, etc. Thus, the
patterns 71a-71f and 71°a-71°f are series-connected and form a third phase of the three-phase
coil system 53. Between the first, the third and the fifth group 67, 69, 71 and between the
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second, the fourth, and the sixth'group 67°, 69°, 71°, a distance d is present on the substrate
51 which is approxxmately equal to 2/3 times the pitch p between the individual patterns of
the groups 67, 67>, 69, 69’ 71 71°. As shown in F1g 3, the c1rcu1ar—cylmdncal rotor body 33
comprises a c1rcu1ar-cylmdncal magnet body 73 which i is mounted on the outer wall 35 of the

sleeve 31 and which compnses a number of magnetlc poles whlch successwely have opposite -

radial directions of magnetlzatlon, the number of magnetlc poles being adapted to the number =

of patterns of an 1nd1v1dual group 67, 67°, 69, 69°, 71, 71’ The rotor body 33 further

© comprises a clrcular-cyhndncal closing yoke 75 which is mounted on the inner wall 37 of the

support 5. Between the magnet body 73 and the closing yoke 75, a circular-cylindrical gap 77

is present in which the stqtor body 29 is accommodated, so that the magnet body 73 generates - -

a magnetic field at the loe_é.tion of the conductor tracks Onf_th'e:_ substrate 51.

The conductor tracks of the ﬂnee-phaSe c‘oil S§Stem 53 are connected to an
electrical energy source, not shown in the Figs., by means of a connector means 79 of the
first part 21 of the motor 19 shown in Fig. 5. Fig. 5 further sﬂoWs the carrier 27 and the stator
body 29 with the Subsuate'55'1 in a rol_led-'up condition. The ca:n'ier'27 comprises an annular -

carrier plate 81 and two"eu'rved flanges 83, 85, which are arré.nged in diametrically opposite

positiors on the carrier plate 81 and have outer surfaces 87. In an assembled condition of the

first part 21 of the motor 19 the stator body 29 is fixed to the carrier 27 by means of an
adhesive which is prov1ded between the outer surfaces 87 of the flanges 83, 85'and mounting
areas 89 on the first side: 63 of the inner layer 57a of the st'atoxi" body 29. Said mounting areas
89 are also shown in Fig. :j'4._ The connector means 79 comprise first connector élements 91,
which are shown in F igs. 4and 5 and are provided on the ﬁrst side 63 of the substrate 51, and
a second connector elem'_ent.93, which is shown in Fig. 5 'and:i's '_mounted on the carrier plate
81. As shown in Fig. 4, _tl_:l_e;:ﬁrs't connector elements 91 each eomprise an additional
conductor track which extends near and substantially parallel to the first end surface 59.
More specifically, the seﬁes-comected patterns of conductor tracks of the first group 67 and
the second group 67° compﬁs'e'a first additional conductor track 95, which is electrically

" connected to the first wmdmg of the pattern 67a, and a second additional conductor track 97,

which is electrically conne'ct_ed to the last winding of the -pa'ttem 67f. Likewise, the series
connected patterns of conductor tracks of the third group 69 and the fourth group 69’
comprise a third additional conductor track 99, which is electrically connected to the first

- winding of the pattern 69a, and a fourth additional conductor track 101, which is electrically

connected to the last winding of the pattern 69f. Finally, the_'s'eries-conneeted'pattems of
conductor tracks of the fifth.group 71 and the sixth group 71° ‘comprise a fifth additional



10

15

20

25

30

WO 01/06618 S S PCT/EP00/06678

7
conductor track 103, whic_h-.i's electrically connected to the first winding of the pattern 71a,
and a sixth additional conduetor track 105, which is electrically connected to the last winding
of the pattern 71f. As showh in Figs. 5 and 6, the second connector element 93 comprises an
annular carrier plate 107 which is fixed to the carrier plate 81 of the carrier 27 in an
assembled condition of the first part 21 of the motor 19. On the carrier plate 107, four copper
connector pieces 109,111, 113, 115 are provided, the connector pieces 109, 111, 113 being

- electrically connected to the respective three phases of said energy source, and the connector

piece 115 being electrically connected to the ground contact of said energy source in a
‘manner not shown in the Figs. The connector pieces 109, 111, 113 respectively have outer
contact surfaces 117, 119, 121 which are present at respectively radial distances d,, d;, and d;
from the axis of rotation 9, said distances d;, d,, d3 substantially corresponding to the
distances between the axis of rotation 9 and the first side 63 of the first layer 57a, the second
layer 57b, and the third layer 57¢ of the rotor body 29, respectively. The connector piece 115

- has three separate contact surfaces 123, 125, 127 which are likewise present at on the radial

distances d,, d, and d; respectively.

As Fig. 4 shows, the additional conductor tracks 95, 97, 99, 101, 103, 105,
which constitute said first connector elements 91 of the connector means 79, are provided on
the substrate 51 in positions between the first imaginary end surface 59 and the second
imaginary end surface 61. In this manner, the first connector elements 91 do no protrude
-from the substrate 51. As a result of their presence on the substrate 51, i.e. between the first

and the second end surfaces 59 and 61, the first connector elements 91 are protected against

- damage which could be caused by inaccurate handling forces on and movements of the

substrate 51 or the stator body 29 during the manufacturing process of the electric motor 19.
Likewise, the connector pieces 109, 111, 113, 115 of the second connector element 93 are
effectively protected against such damage as a result of their presence on the carrier plate 107
and the carrier 27. In this way, a very robust construction of the connector means 79 is
achieved.

In an assembled condition of the first part 21 of the motor 19, the contact
surface 117 of the connector piece 109 is in electrical contact with the additional conductor
track 97 on the inner layer 57a of the substrate 51, and the contact surface 123 of the
connector piece 115 is in electrical contact with the additional conductor track 95 on the
inner layer 57a of the substrate 51. Furthermore, the contact surface 119 of the connector
piece 111 is in electrical contact with the additional conductor track 99 on the middle layer
57b, and the contact surface 125 of the connector piece 1135 is in electrical contact with the
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51, _whxch is present_be’gwoe_n the mldd_le lay_er 57b and the connector pieces 1 11,115

~ connected to the middle 'la;;yer 57b, is provided near the ﬁfstf'ond surface 59 with a first

elongated opening 129, through which the contact surface: 125 of the connector piece 115
extends, and with a second elongated opemng 131 through thch the contact surface 119 of -
the connector piece 111 extends said opemngs 129 and 131 whlch are visible in Fig. 4,
partially overlapping the,gdd:ﬁonal conductor tracks 1 01_.auc_l, 99, respectively, in the rolled-
up condition of the sub_st,_ré_te 51. The contact surface 125 of the connector piece 115 further
extends through a first clohgated opening 133 which is provided in the middle layer 57b of
the substrate 51 near the first end surface 59. Finally, the coutact.surface 121 of the connector
piece 113 isin electrical';contact with the additional conduof_cor track 103 on the outer layer
57¢, and the contact surface 127 conne_ctor piece 115 is m _elhctrica] contact with the
additional conductor tra'ck' 105 on the outer layer 57c. The middle layer 57b of the substrate

51, which is present between the outer layer 57c and the. connector pieces 113, 115 connected

to the outer layer 57c, is prov1ded near the first end surface 59 with a second opening 135,
through which the contau.:i_:E surface 121 of the connector piece 113 extends, and with a third
opéniug;.-;__l 37, through which the contact surface 127 of the of the connector piece 115
extends; said openings -1.35,_ 137, which are also visible in Fig. 4, partially overlapping the |
additional conductor tracks 103 and 105, respectively, in the rolled-up condition of the
substrate 51. The c_on,taot_; surface 121 of the connector piec_eifl 13 further extends through the -
second elongated opening 131 in the inner layer 57a, whioh is present between the outer layer
57c and the connector pfecé 113 in addition to the middle layer 57b, and the contact surface
127 of the connector plece 113 further extends through the ﬁrst elongated opening 129 in the
inner layer 57a and the first elongated opening 133 in the mxddle layer 57b. The connector
pieces 109, 111, 113, 115 can be in pressure contact with the first connector elements 91.
Alternatively, the connéctor pieces 109, 111, 113, 115 cau-be connected to the first connector
elements 91 by means of, for example, soldered joints. |

Since the. ﬁrst connector elements 91 each compnse an additional conductor
track 95,97, 99, 101, 103 105 the manufacturing process of the electric motor 19 is.
simplified, because the a_dghtlonal conductor tracks 95, 97, 99, 101, 103, 105 can be provided
on the substrate 51 in a similar mariner and simultaneously with the patterns 67, 67°, 69, 69°,
71, 71’ of the conductor tracks. Besides, the additional conductor tracks 95, 97, 99, 101, 103,

- 105 are substantially not _su$ceptible to damage resulting from inaccurate handling forces and
~ movements during the ma_:iu_facturing process of the electric motor 19. Since the additional
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conductor tracks 95, 97, §9, 101, 103, 105 extend substantially parallel to the first end surface
59, a great freedom of design is achieved, because the length:-6f the additional conductor
tracks 95, 97, 99, 101, 103, 105 can be adapted to the desired position of the connector pieces
109, 111, 113, 115 on the carrier plate 107 and the carrier 27. -

As Fig. 4 shows, the additional conductor tracks 95, 97, 99, 101, 103, 105 on
the substrate 51 each constitute a part of a metal track 139, which extends near the first end
surface 59, substantially parallel to the first end surface 59, and substantially over the
complete length of the substrate 51, the additional conductor tracks 95, 97, 99, 101, 103, 105
being electrically disconnected from the metal track 139 by suitable interruptions in the metal
track 139. As a result of the presence of said metal track 139, a substantially uniform bending
stiffness of the substrate 51 is achieved over the complete length of the substrate 51. As a
result of said uniform bending stiffness, the circular-cylindrical stator body 29 of the first part
21 of the motor 19, which is formed by bending said substrate 51, has an accurate cylindrical
roundness relative to the axis of rotation 9.

The electric motor 19 in accordance with the invention as described before is
used in the data storage unit 1 in accordance with the invention as described before. It is
noted that an electric motor in accordance with the invention can also be used in other
devices wherein a part of the device has to be rotated about an axis of rotation. An electric
motor in accordance with the invention can, for example, also be used in a data storage unit
for an optical information carrier or in a scanning device comprising a rotatable multifaceted
mirror.

It is further noted that the invention also covers electric motors in which the
circular-cylindrical body of the first part comprises another number of layers of the foil-
shaped insulating substrate. Thus, for example, the circular-cylindrical body may also
comprise only one or two, or more than three layers of the substrate. In such alternative
embodiments, each layer of the substrate may comprise a single electrical phase of the coil
system provided on the substrate. However, the invention also covers embodiments in which
each single phase of the coil system is provided on more than one layer of the substrate, or in
which a layer of the substrate comprises more than one phase of the coil system. In
embodiments, in which the circular-cylindrical body only comprises two layers of the
substrate, openings in the substrate as described before can be avoided if the connector pieces
of the second connector element, which one used to make contact with the inner layer, are
provided inside the circular-cylindrical body, as in the embodiment described before, and the

connector pieces of the second connector element, which one used to make contact with the
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outer layer, are providedoutside said body. However, in embodiments having three or more

layers of the substrate, the connector pieces of the second connector element may also be

provided both inside and ontmde the circular-cylindrical body in order to reduce the

necessary number of opemngs in the substrate.

Itis ﬁnally noted that the invention also covers embodiments in which the first
connector clement and/or the second connector: element are formed in an alternative manner.
Instead of a number of _addltl'onal- conductor tracks, the first connector element may, for
example, comprise a nqxﬁb’er of metal pins which are provided on the substrate between the

first and the second end surfaces.
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CLAIMS:

1. An electric motor comprising a first part and a second part which are rotatable
with respect to each other about an axis of rotation, wherein the first part comprises a foil-
shaped insulating substrate, on which a plurality of series-connected spiral-shaped patterns of
conductor tracks are provided and which is bent as a circular-cylindrical body extending,
seen in a direction parallel to the axis of rotation, between a first and a second imaginary end
surface and being mounted on a carrier near the first end surface, and wherein the second part
comprises a permanent magnet unit for generating a magnetic field at the location of the
conductor tracks, said first part being provided with connector means for connecting said
conductor tracks to an electrical energy source, characterized in that said connector means
comprise a first connector element, which is provided on the substrate between the first and
the second end surface near the first end surface and is electrically connected to the
conductor tracks, and a second connector element, which is provided on the carrier and is

electrically connected to the first connector element.

2. ~ An electric motor as claimed in claim 1, characterized in that the first

connector element comprises an additional conductor track.

3. An electric motor as claimed in claim 2, characterized in that the additional
conductor frack extends substantially parallel to the first end surface.

4. An electric motor as claimed in claim 3, characterized in that the substrate is
provided with a metal track extending near the first end surface, substantially parallel to the
first end surface, and substantially over the complete length of the substate, wherein part of
said metal track constitutes the additional conductor track.

5. An electric motor as claimed in claim 1, characterized in that the circular-
cylindrical body comprises at least two substrate layers, wherein each layer, which is present
between another layer and a connector element on the carrier connected to the other layer, is

provided with an opening in the substrate through which said connector element extends.
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6. A data storage unit comprising a support for at least one information carrier,
an electric motor for rotating the support about an axis of rotation, and a scanning unit for
scanning the information carrier, characterized in that the electric motor is an electric motor

as claimed in claim' 1, 2, 3, 4 or 5.



