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INDEX SIGNAL GENERATOR 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an index signal generator 
Which generates an index signal. The index signal generator 
is used for a disk drive that handles a recordable medium, 
and provides the disk drive With hardWare compatibility for 
the same kind of disk drives. For example, a recordable 
medium is a ?oppy disk (FD) and a disk drive is a ?oppy 
disk drive (FDD). 

[0002] As Well knoWn, FDDs are devices for reading data 
out of FDs and for Writing data in FDs. FDDs have spread 
to the art of electronic devices and have been used in various 
electronic devices, for example, a personal computer, a Work 
station, a Word processor, and so forth. 

[0003] One of the reasons Why FDDs have Widely applied 
to electronic devices is the data compatibility that users can 
move data from an electronic device With FDD to another 
electronic device With FDD by FD. That is, the high data 
compatibility among FDDs promotes the use of FDDs. 

[0004] In general, the data compatibility among FDDs are 
ensured With the hardWare compatibility, the standardiZed 
track format, and the softWare (or application) standards. 
Among them, the hardWare compatibility standardiZes a 
magnetic head, a posture of a magnetic head, a generation 
timing of an index signal and so on. 

[0005] An index signal is a pulse signal that is generated 
every a magnetic disk included in an FD rotates in order to 
indicate a starting position of the disk rotating. The index 
signal is used for various uses in an FDD and a system of 
electronic device. For example, the index signal is used for 
generation of “Ready” signal in an FDD. Thus, the index 
signal is a great contribution to the hardWare compatibility 
among FDDs. 

[0006] In an FDD of 3.5 inch type, an FD is driven by a 
pin projecting from a disk table toWard the FD so that the 
magnetic disk is rotated. In this case, the disk table and the 
rotor included in the FDD rotate together With the magnetic 
disk so that the rotation of the rotor and the disk table 
synchroniZes With that of the magnetic disk. 

[0007] An index signal is generated on the basis of a 
rotation of a rotor if a direct-drive motor is used to drive a 
disk rotation. For example, a direct-drive motor is a spindle 
motor. 

[0008] To detect a rotor rotation, a small magnet is pro 
vided With the rotor, While “Hall element” is located close to 
the peripheral surface of the rotor. Hall element is a semi 
conductor element using a “Hall effect,” the development of 
a transverse electric ?eld in a current-carrying conductor 
placed in a magnetic ?eld. Hall element serves as the 
current-carrying conductor. Ordinarily Hall element is posi 
tioned so that the magnetic ?eld is perpendicular to the 
direction of current How and the electric ?eld is perpendicu 
lar to both. Avoltage occurred at Hall element by Hall effect 
is called Hall voltage. 

[0009] Especially, in an earlier FDD, only one pole of the 
small magnet is exposed to the outside of the rotor. With the 
structure, during the single rotation of the rotor, the exposed 
pole of the small magnet passes in front of the Hall element 
for once. 
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[0010] As the exposed pole of the small magnet 
approaches the Hall element, the magnetic ?ux detected by 
the Hall element increases. When the center of the exposed 
pole faces to the center of the Hall element, the detected 
magnetic ?ux become maximum. As the exposed pole 
gradually leaves the Hall element, the detected magnetic 
?ux decreases. During these events, the Hall voltage 
changes in a half period of the sine curve With a certain 
coef?cient. The index signal is generated at a time When a 
delay time passes since the Hall voltage reaches a predeter 
mined level. 

[0011] The delay time is set appropriately so that the 
hardWare compatibility among FDDs is obtained. To set the 
delay time to the appropriate time, the earlier FDD com 
prises a delay or a delay circuit Where a delay time can be 
varied. The delay time is adjusted after production of the 
earlier FDD so that the index signal generated in the earlier 
FDD can meet the hardWare compatibility. 

[0012] HoWever, in the earlier FDD, the delay comprises 
a variable register and a capacitor, both of Which are 
connected in parallel to each other, besides an analog delay 
circuit that is formed in an integrated circuit. The variable 
register and the capacitor make the cost of the earlier FDD 
high because these are discrete elements. In addition, the 
adjustment process of the variable register brings about 
some costs. 

SUMMARY OF THE INVENTION 

[0013] The present invention therefore provides an index 
signal generator comprising a delay Without a variable 
register and a capacitor. 

[0014] According to one aspect of the present invention, 
the index signal generator comprises, as the delay, the delay 
counter that can be set the initial value or the initial counter 
value. The index signal generator is for generating an index 
signal and is used to control the rotation of the rotor included 
in the direct-drive motor. 

[0015] In detail, the index signal generator according to 
one aspect of the present invention comprises an original 
signal generator, a clock, a counter value selector and a 
counter. The original signal generator generates an original 
signal every the rotor rotates. The clock periodically gener 
ates a clock signal. The counter value selector has the ?rst 
predetermined number of terminals and holds the second 
predetermined number of counter values. Terminals are 
given selection signals from outside of the index signal 
generator. Each selection signal has a selection value. The 
counter values are different from one to another. The counter 

value selector selects, as a selected counter value, one 
among the counter values in response to the combination of 
the selection values. The counter starts to count the clock 
signals generated by the clock in response to the original 
signal, and stops counting the clock signals and generates 
the index signal When the number of the clock signals 
counted by the counter reaches the selected counter value. 
The counter may be formed With the counter value selector. 

BRIEF DESCRIPTION OF THE DRAWING 

[0016] FIG. 1 is a diagram schematically shoWing the 
index signal generator according to one aspect of the present 
invention; 
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[0017] FIG. 2 is a graph showing the change of Hall 
voltage, the original signal and the index signal in the 
preferred embodiment of the present invention; 

[0018] FIG. 3 is an example of the delay counter shoWn 
in FIG. 1; 

[0019] FIG. 4 is another example of the delay counter 
shoWn in FIG. 1; 

[0020] FIG. 5 is yet another example of the delay counter 
shoWn in FIG. 1; 

[0021] FIG. 6 is a plan vieW shoWing an external appear 
ance of main IC of FDD control apparatus for controlling 
FDD; 
[0022] FIG. 7 is plan vieW shoWing an external appear 
ance of IC for spindle motor, the IC being used together With 
the main IC illustrated in FIG. 6; 

[0023] FIG. 8 is a block diagram shoWing a schematic 
structure of the main IC illustrated in FIG. 6; 

[0024] FIG. 9 is a vieW shoWing a state of an electric 
current flowing three-phase coils; 

[0025] FIG. 10 is an exploded perspective vieW shoWing 
a main part of FDD; 

[0026] FIG. 11 is a schematic perspective vieW of the 
FDD illustrated in FIG. 10 as vieW from front obliquely; 

[0027] FIG. 12 is a plan vieW shoWing FD driven by the 
FDD; 

[0028] FIG. 13 is a sectional vieW for use in describing a 
set-up structure of a track position detecting mechanism (00 
sensor) used in the FDD; 

[0029] FIG. 14 is a sectional vieW shoWing a relationship 
betWeen a main frame and a DD motor (spindle motor) 
mounted thereon in the ?oppy disk drive illustrated in FIG. 
10; and 

[0030] FIG. 15 is a plan vieW for use in describing a 
structure of a stator in the DD motor illustrated in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0031] Referring to FIG. 1, the index signal generator 
according to one aspect of the present invention comprises 
the Hall element 3, the reference voltage supplier (VRef 
supplier) 4, the Hall bias supplier (HB supplier) 5, the index 
detector 6, the clock 7, the delay counter 8. The index signal 
generator is for generating an index signal every the rotor 1 
of the direct-drive motor rotates. 

[0032] The illustrated rotor 1 is in disk-shape With thick 
ness and is provided With the magnet 2 for index detection 
on the peripheral surface of the rotor 1, as shoWn in FIG. 1. 
The magnet 2 is arranged to be exposed to the outside of the 
rotor 1, and has positive and negative poles Which are 
arranged along a tangential direction of the disk-shape of the 
rotor 1. 

[0033] The Hall element 3 is located at a predetermined 
position that is a position outside of the rotor. The prede 
termined position is determined in consideration of a detect 
ing ability of the Hall element and magnetic force of the 
magnet so that the Hall element can detect the change of 
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magnetic ?ux suitably. In this embodiment, the Hal element 
3 is supplied With the outer electric ?eld by the reference 
voltage supplier 4 and the Hall bias supplier 5, in order to 
produce the Hall voltage in accordance With Hall effect. For 
example, the voltage level supplied by the reference voltage 
supplier 4 is 2.5 V, While the other voltage level supplied by 
Hall bias supplier 5 is 1 V. In this case, the Hall element 3 
is supplied With the outer voltage of 1.5 V. 

[0034] Under the condition, When the rotor 1 rotates and 
the magnet 2 passes in front of the Hall element 3, the 
magnetic ?ux detected by the Hall element changes depend 
ing upon the passing magnet 2. As the result, Hall effect 
occurs at the Hall element 3. The Hall element 3 delivers to 
the index detector 6 the Hall voltage in?uenced by the 
occurring Hall effect. 

[0035] As described above, the positive and negative poles 
of the magnet 2 are arranged along the tangential direction 
of the disk-shape of the rotor 1. This causes the Hall voltage, 
namely the change of the magnetic ?ux, to have the cross 
point to a boundary betWeen a plus region and a minus 
region of the change of the magnetic ?ux When the poles of 
the magnet passing in front of the Hall element are changed 
from one to another. 

[0036] In this example, the magnet 2 is arranged so that 
the poles of the magnet passing in front of the Hall element 
are changed from the negative pole to the positive pole. As 
the negative pole of the magnet 2 approaches the Hall 
element 3, the magnetic ?ux detected by the Hall element 3 
increases. When the center of the negative pole faces to the 
center of the Hall element 3, the detected magnetic ?ux 
become maximum. After that, the detected magnetic ?ux 
decreases. The change of the magnetic ?ux has the cross 
point (Zero cross point) When the passing poles of the 
magnet 2 are changed from the negative pole to the positive 
pole. The magnetic ?ux decreases until the center of the 
positive pole faces to the center of the Hall element 3, and 
then the magnetic ?ux increases. As shoWn in FIG. 1, the 
Hall element 3 produces tWo types of the Hall voltage 
signals, one of Which is non-reverse signal (1") While the 
remaining one of Which is reverse signal (I‘). For the sake 
of clarity, former type (I") of the Hall voltage signal is 
shoWn in FIG. 2. 

[0037] The index detector 6 of the embodiment monitors 
the Hall voltage signals I+and I‘. That is, the index detector 
6 detects the change of magnetic ?ux that effects on the Hall 
element 3. The index detector 6 produces an original signal 
at the time When the cross point of the change of the 
magnetic ?ux is detected (see FIG. 2). The index detector 6 
may comprise a comparator having positive and negative 
input terminals Which are given the Hall voltage signals 
I+and I‘, respectively. In this case, the comparator of the 
index detector 6 outputs a loW level pulse as the original 
signal at the moment When the Hall voltage signal I+is not 
larger than the other Hall voltage signal I“. 

[0038] In order to ensure the hardWare compatibility, the 
original signal is delayed by the predetermined delay time, 
as mentioned above. To delay the original signal, the delay 
counter 8 and the clock 7 that periodically generates a clock 
signal are used in the index signal generator of this embodi 
ment. 

[0039] The delay counter 8 of this embodiment comprises 
a counter value selector and a counter. The counter value 
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selector of this embodiment has tWo terminals DSLO and 
DSL1, and holds counter values. Each terminal is supplied, 
from the outside of the indeX signal generator, a selection 
signal Which has a selection value, for example, “High” or 
“LoW.” The counter values are different from one to another. 
The counter value selector can select, as a selected counter 
value, one among the counter values in response to a 
combination of the selection values. 

[0040] The counter is given the selected counter value as 
its initial value and starts to count the clock signals input 
from the clock 7 in response to the original signal generated 
by the indeX detector 6. The counter stops counting the clock 
signals When the number of the clock signals counted 
reaches the selected counter value, namely the initial value, 
so as to generate the indeX signal. Thus, in the delay counter 
8, the delay time corresponds to the number of the clock 
signals. 

[0041] For eXample, the combinations of the selection 
values given to the terminals DSLO and DSL1 are prede 
termined to correspond to the delay times, as shoWn in Table 
1. The correspondence makes the adjusting cost of the delay 
time decrease because the delay time can be adjusted only by 
changing the selection values given to the terminals DSLO 
and DSL1. 

TABLE 1 

DSLO High LoW 

DSL1 High LoW High LoW 

Delay Time [ms] T1 T2 T3 T4 

[0042] The person skilled in the art can employ various 
techniques already knoWn, in order to give the selection 
values to the terminals DSLO and DSL1. For eXample, hoW 
to give the selection values may be to short or to open the 
terminals DSLO, DSL1 and the base voltage, especially, by 
means of the soldering, the jumper pins, or the like. Also, it 
may be employed to connect the terminals DSLO, DSL1 
With either the poWer supply line or the ground line by 
means of the jumper pins. 

[0043] Referring to FIG. 3, one eXample of the delay 
counter 8 With terminals DSLO and DSL1 is an asynchro 
nous decremental counter. The asynchronous decremental 
counter of the delay counter 8 comprises a simple JK-FF and 
tWo JK-FFs Which have preset terminals (PR) and clear 
terminals (CLR) and Which can be set initial values to. The 
clear terminals are also called reset terminals The 
illustrated nMOS transistors serve as “sWitches.” The ter 
minals DSLO, DSL1 are connected to the preset terminals 
and the clear terminals through the nMOS transistors. Also, 
inverters are arranged betWeen the nMOS transistors and the 
clear terminals. 

[0044] With the above-mentioned structure, the initial 
value can be set into the JK-FFs having the preset and the 
clear terminals, according to the selection values given to the 
terminals DSLO and DSL1 , When the nMOS transistors turn 
on. The nMOS transistors turn on When all of the outputs of 
the JK-FFs having PR terminals are Zero. That is, When the 
asynchronous decremental counter of the delay counter 8 
generates the indeX signal, the nMOS transistors turn on. In 

Jul. 5, 2001 

other case, the nMOS transistors alWays turn off. The 
illustrated simple JK-FF outputs “High” level When the 
original signal of “LoW” level signal is input into the simple 
JK-FF, and then keeps outputting the “High” level. The 
simple JK-FF outputs “Low” level When all of the outputs of 
the JK-FFs having PR terminals are Zero. 

[0045] Referring to FIG. 4, another eXample of the delay 
counter 8 With terminals DSLO and DSL1 comprises four 
data registers, three selectors and a decremental counter. The 
data registers hold counter values of T1, T2, T3, and T4, 
respectively. TWo selectors directly connected to the data 
resisters is referred to as ?rst-stage selectors, While the other 
one selector is referred to as a second-stage selector. The 
?rst-stage selectors select data in response to the selection 
value, “High” or “LoW,” given to the terminal DSL1. The 
second-stage selector selects a datum in response to the 
selection value, “High” or “LoW,” given to the terminal 
DSLO. Thus the combination of the selection values given to 
the terminals DSLO and DSL1 causes the selectors to select 
one among the counter values, T1, T2, T3, and T4. The 
selected counter value is set into the setting terminal (SET) 
of the decremental counter, so as to be the initial counter 
value of the decremental counter. The decremental counter 
starts to count the clock signals generated by the clock 7 
When the indeX detector 6 generates the original signal, and 
decreases a value of the decremental counter by one every 
counting the clock signals. When the decrement makes the 
counter value Zero, the decremental counter stops counting 
the clock signal so as to outputs the indeX signal. 

[0046] More terminals makes the number of the combi 
nations of the selection values increase. For eXample, if the 
number of the terminals is three, the number of the combi 
nations may be eight. In this case, eight data registers, four 
?rst-stage selectors, tWo second-stage selectors, a third 
stage selector and a decremental selector comprise the delay 
counter 8. 

[0047] NoW, description Will be made about a concrete 
eXample of the above-mentioned embodiment but Will not 
give any restriction on the present invention. In the folloW 
ing description, the indeX signal generator is included in the 
FDD of the concrete eXample. 

[0048] The ?oppy disk drive of this eXample comprises a 
magnetic head, a carriage assembly, a stepping motor and a 
spindle motor. The magnetic head is for reading data out of 
the magnetic recordable medium of ED and for Writing data 
in the magnetic recordable medium. The carriage assembly 
supports the magnetic head at a tip of the carriage assembly 
so that the magnetic head can travel along a radial direction 
of ED. The stepping motor can move the carriage assembly 
along the radial direction. The spindle motor is one of 
direct-drive motors and can rotate the magnetic recordable 
medium with ED being held. 

[0049] Various FDD controllers or FDD control appara 
tuses have been already proposed to control the FDD. 
Almost all the FDD controllers already proposed can 
employ the indeX signal generator according to the preferred 
embodiment of the present invention. 

[0050] ED driven by FDD includes a disk-shaped mag 
netic recordable medium accessed by the magnetic head. 
The magnetic recordable medium has tracks on a surface 
thereof. The tracks are formed in concentric circles and 



US 2001/0006333 A1 

serve as paths for recording data. Compliant With standards, 
FD has eighty tracks on one side, Which include the most 
outer circumference track (Which is named “TR00”) and the 
most inner circumference track (Which is named “TR79”). 
The most outer circumference track TR00 is herein called 
the most end track. 

[0051] In order for the magnetic head to access to FD, the 
magnetic head must be positioned at a desired track position. 
Accordingly, the carriage assembly, supporting the magnetic 
head at the tip thereof, must be positioned, too. Since the 
stepping motor is used as a driving arrangement for driving 
the carriage assembly, FDD can easily carry out the posi 
tioning of the carriage assembly. 

[0052] FDD has only to detect the position of the most end 
track TR00 in the magnetic recordable medium of the FD 
loaded in the FDD. For the position detection of the most 
end track TR00, the carriage assembly is provided With an 
interception plate. The interception plate doWnWardly 
projects from a base section of the carriage assembly. In 
addition, a photo-interrupter is mounted on the substrate 
arranged close to the main frame, Which is located on 
opposite side to the carriage assembly. With the structure, 
the interception plate intercepts an optical path in the 
photo-interrupter When the magnetic head is laid on the most 
end track TR00 in the magnetic recordable medium of the 
FD, so that the position of the most end track TR00 can be 
detected. The track position detection mechanism is called a 
“00 sensor.” A similar device is disclosed in Japanese 
Unexamined Patent Publication Tokkai No. Hei 9-91,859 or 
JP-A 9-91859. 

[0053] Referring to FIGS. 6 and 7, FDD control apparatus 
comprises the main integrated circuit (IC) 50, the IC 60 for 
spindle motor, and the poWer supply circuit 80. The main IC 
50, the IC 60 for spindle motor, and the poWer supply circuit 
80 are mounted on the main printed substrate. The IC 60 for 
spindle motor is an IC chip for controlling drive of the 
spindle motor and is implemented as a bipolar IC in Which 
many bipolar transistors are integrated. The main IC 50 is 
implemented as a MOS IC in Which a large number of MOS 
?eld effect transistors (FETs) are integrated. The poWer 
supply circuit 80 is a circuit for supplying a voltage of 5 V 
When a poWer sWitch is turned on, and has a ?rst poWer 
supply terminal (VA) and a second poWer supply terminal 
(VB). 
[0054] Referring to FIG. 8 in addition to FIG. 6, the main 
IC 50 comprises the R/W control unit 51, the STP control 
unit 52, the central control unit 53, the function selector 54, 
?rst I/F unit 55 and second I/F unit 56. The R/W control unit 
controls to read data out of FD and to Write data in FD. The 
STP control unit controls to drive the stepping motor. The 
central control unit 53 controls the overall operations in the 
FDD, the unit 53 being also called a logic circuit. The 
function selector 54 receives the user requests to select 
functions implemented in the main IC 50. The ?rst I/F unit 
55 is the I/F unit for host system, While the second I/F unit 
56 is the I/F unit for the spindle motor. 

[0055] The R/W control unit 51 is connected to the upper 
magnetic head 14 and the loWer magnetic head through 
HEAD1 line 71 and HEADO line 72, respectively. The STP 
control unit 52 is connected to the stepping motor through an 
S-MOTOR line 73. The ?rst I/F unit 55 is connected to a 
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host system through I/F line 74, While second I/F unit 56 is 
connected to the IC 60 for spindle motor through FFC line 
75. 

[0056] Next, the description Will be made about input/ 
output terminals of the main IC 50. The main IC 50 has R/W 
output terminals (ER1, RW1A, RW1B, ERO, RWOA, 
RWOB, VCC(R)), Which are connected to the HEAD1 line 
71 and the HEADO line 72. The main IC 50 has STP output 
terminals (ST1, ST1B, ST4, ST4B), Which are connected to 
the S-MOTOR line 73. The main IC 50 has host input/output 
terminals (DCO, S1I, RDO, WPO, TKO, WGI, WDI, STP, 
DIR, MTI, DSI, IDO, HDO0, HDIS), Which are connected to 
the I/F line 74. The main IC 50 has spindle motor controlling 
input/output terminals (IDI, MTO, 360, HDI3, HDI, DSO, 
DKI, WPI, 1MCLK), Which are connected to the FFC line 
75. 

[0057] In addition, the main IC 50 has tWo input terminals 
for selecting functions (1M36/ HDOS/WPOS, ACHS/DSS/ 
DRS), three input terminals for the 00 sensor (AMP/FIL, 
TKI, TKS), and so on. 

[0058] The photo-interrupter 31 comprises the light emit 
ting diode (LED) 31a and the photo transistor 31b, and 
serves as the 00 sensor, Where the light emitting diode (LED) 
31a acting as the light-emitting element and the photo 
transistor 31b acting as the light-receiving element. The light 
emitting diode 31a has the anode connected to the ?rst 
poWer supply terminal VA (VCC) and the cathode connected 
to the TKS terminal of the main IC 50. The collector 
terminal of the photo transistor 31b is connected to the ?rst 
poWer supply terminal VA (Vcc), While the emitter terminal 
of the photo transistor 31b is grounded through the resistor 
R4 and is connected to the TKI terminal and the AMP/FIL 
terminal of the main IC 50. 

[0059] Turning to FIG. 7, the spindle motor controlled by 
the IC 60 for spindle motor is a brushless three-phase DC. 
motor, Which has three-phase coils (stator Windings) 601, 
602, and 603 of U-phase, V-phase, and W-phase. The spindle 
motor comprises a permanent magnet type rotor and a rotor 
position detector for detecting the position of the rotor to 
produce rotor position detection signals. The IC 60 for 
spindle motor includes therein a driving transistor (a tran 
sistor recti?er), Which consists of a plurality of bipolar 
transistors. Responsive to the rotor position of the spindle 
motor, the bipolar transistors turn on to How electric current 
in the respective stator Windings, so that the spindle motor 
generates torque betWeen magnetic poles of the rotor and the 
stator Windings, and thereby, rotates the rotor. According to 
the rotation of the rotor 310, the rotor position detection 
signals produced by the rotor position detector are changed. 
As the result, electric current ?oWs in the stator Windings in 
turn so that the rotation of the rotor is kept. 

[0060] The spindle motor comprises the frequency gen 
eration pattern FGPT Which is helpful to detect the rotation 
speed of the rotor. When the rotation speed of the rotor is 
detected by using the frequency generation pattern FGPT, 
the IC 60 for spindle motor changes the stator Windings into 
Which the electric currents ?oW, referring also to the rotor 
position detection signals produced by the rotor position 
detector. 

[0061] As shoWn in FIG. 7, three Hall elements 606, 607, 
and 608 are used as the above-mentioned rotor position 
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detector. See, for example, US. Pat. No. 4,882,511 issued to 
Johann von der Heide as regards detailed relationship for 
arrangement of the three Hall elements 606 through 608. 
The three Hall elements 606 through 608 are arranged at 
intervals of an electric angle of 120 degrees. 

[0062] The other Hall element 609 is used for detection of 
an index. The Hall element 609 corresponds to the Hall 
element 3 shoWn in FIG. 1. The anode 609p of the Hall 
element 609 is supplied With the reference voltage (VREG), 
While the cathode 60911 of the Hall element 609 is supplied 
With the Hall bias voltage The Hall element 609 
provides the IC 60 With tWo Hall voltages of the positive 
(IDX+) and the negative (IDX—). The IC 60 comprises the 
index detector 6, the clock 7, and the delay counter 8, all of 
Which are described in the embodiment. Thus IC 60 gener 
ates an index signal to input it into the IC 50 through the 
terminal TOUT. Each of the terminals DSLO and DSL1 is 
opened or shorted so that the delay time of the delay counter 
8 is selected. 

[0063] As shoWn in FIG. 9, the three-phase coils 601, 602, 
and 603 of U-phase, V-phase, and W-phase are connected to 
each other at a neutral point or a common connection 
terminal. The connection is called as star connection or 
Y-connection. The three coils 601, 602, and 603 of U-phase, 
V-phase, and W-phase are hereinafter called a U-phase coil, 
a V-phase coil, and a W-phase coil, respectively. In FIG. 9, 
the coil, Which the electric current (I) ?oWs into, is depicted 
With the reference letter “H,” While the coil, Which the 
electric current (I) ?oWs out of, is depicted With “L”. In the 
illustrated example, electric current (I) flows into the 
W-phase coil 603 and ?oWs out of the V-phase coil 602. The 
coil depicted With the reference letter “H” is called a source 
coil, While the coil depicted With the reference letter “L” is 
called a sink coil. In the illustrated example, the W-phase 
coil is the source coil, While the V-phase coil is the sink coil. 
In addition, a state of the coil, Which the electric current (I) 
neither ?oWs in nor ?oWs out, is called a high-impedance 
state, and the coil is depicted With the reference letter “M”. 
In the illustrated example, the U-phase coil 601 is put into 
the high-impedance state or “M” state. 

[0064] As described above, among the three-phase coils 
601, 602 and 603, one of coils is put into the “H” state, 
another one is put into the “L” state, and the remaining one 
is put into the “M” state. There are six Ways to How the 
electric current (I) into the three-phase coils 601, 602 and 
603. 

[0065] The rotor of the DD motor comprises the ring 
shaped permanent magnet Which is repeatedly magnetiZed in 
a circumferential direction. The ring-shaped permanent 
magnet is equivalent to the plurality of magnetic elements 
Which are arranged at equal interval to form the ring. The 
stator comprises the plurality of stator cores or stator poles, 
Where coils are Wound. Provided that the number of the 
magnetic elements and the number of the poles of the stator 
are represented by M and N, respectively, a radio MN is 
equal to 4:3 in this example. 

[0066] If the number of the magnetic elements of the rotor 
is tWenty, the number of the poles of stator is ?fteen. The 
tWenty of magnetic elements of the rotor are arranged in the 
circumferential direction at an angular distance of 18 
degrees. The ?fteen of poles of the stator are arranged in the 
circumferential direction at an angular distance of 24 
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degrees. In this case, the U-phase coil 601 has ?ve stator 
coils. Similarly, each of the V-phase coil 602 and the 
W-phase coil 603 has ?ve stator coils. Arranged at the 
electric angle of 120 degrees, the three Hall elements 606 
through 608 detect magnetic ?elds of the magnetic elements 
in the rotor and produce three detection signals. Supplied 
With the three detection signals as three input conditions, the 
IC 60 for spindle motor sWitches the three-phase coils 601, 
602, and 603 of U-phase, V-phase, and W-phase to How 
electric current (I) to the sWitched phase coils. 

[0067] Referring to FIGS. 10 and 11, FDD of 3.5-inch 
type Will be described herein. FIG. 10 is an exploded 
perspective vieW of the FDD, and FIG. 11 is a perspective 
vieW of the FDD vieWing from a front side. 

[0068] The illustrated FDD is a device for driving FD of 
3.5-inch type. An FD is loaded in the FDD along the 
direction depicted as the arroWs A in FIGS. 10 and 11. The 
loaded FD is held on the disk table 11 having the rotation 
axis 11a. In this case, the rotation axis 11a coincides With the 
center axis of the held FD. As described later, the disk table 
11 is supported on the main surface of the main frame 13 so 
as to rotate around the rotation axis 11a. The axial direction 
B of the rotation axis 11a of the disk table 11 is therefore in 
parallel With the thick direction of the main frame 13. The 
disk table 11 is rotated by the direct-drive (DD) motor 
mounted on the back surface of the main frame 13, so that 
the magnetic recordable medium of the FD also rotates. On 
the back surface of the main frame 13, a main printed 
substrate mounting a number of electronic parts is also ?xed. 

[0069] The FDD comprises a pair of upper and loWer 
magnetic heads 14 (only the upper magnetic head is illus 
trated), both of Which are for reading data out of the 
magnetic recordable medium of the FD and for Writing data 
into the magnetic recordable medium of the FD. The mag 
netic heads 14 are supported on the tip of the carriage 
assembly 15 that is arranged on the rear side of the FDD. 
That is, the carriage assembly 15 comprises the upper 
carriage 15U for supporting the upper magnetic head 14 and 
the loWer carriage 15L for supporting the loWer magnetic 
head. The carriage assembly 15 is disposed above the main 
surface of the main frame 13 With a certain distance being 
betWeen the carriage assembly 15 and the main surface, that 
disposal being described later. The carriage assembly 15 
supports the magnetic heads 14 so that the magnetic heads 
can move along the radial direction (ie a direction indicated 
by an arroW C in FIGS. 10 and 11) of the FD. 

[0070] The main frame 13 has the side Wall 131 at the rear 
side of the main frame 13. On the side Wall 131, the stepping 
motor 16 is ?xed. The stepping motor 16 drives the carriage 
assembly 15 to linearly move the carriage assembly 15 along 
the predetermined radial direction C. In detail, the stepping 
motor 16 has the driving shaft 161 Which serves as the 
rotation axis of the stepping motor. The driving shaft 161 
extends in parallel With the predetermined radial direction C 
and is threaded to form a male screW. The bent piece 132 is 
raised up from the main surface of the main frame 13 by the 
cutting and bending process. The driving shaft 161 is holds 
Within the hole 132a bored in the bent piece 132 so that the 
tip 161a of the driving shaft 161 is located closer to the front 
end of the FDD than the bent piece 132. The tip 161a of the 
driving shaft 161 is provided With the steel ball 162. The 
hole 132a and the steel ball 152 make the driving shaft 161 
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extend in parallel With the predetermined radial direction C 
so that the tip 161a is rotatably held. 

[0071] The carriage assembly 15 comprises the arm 151 
Which extends from the loWer carriage 15L to the driving 
shaft 161. The leading edge 151a of the arm 151 is bent so 
as to engage With the groove of the male screW of the driving 
shaft 161. With the structure, the rotation of the driving shaft 
161 of the stepping motor 16 moves the leading edge 151a 
of the arm 151 along the groove of the male screW of the 
driving shaft 161, so that the carriage assembly 15 is moved 
along the predetermined radial direction C. Thus, the step 
ping motor 16 serves as a driving arrangement for moving 
the carriage assembly 15 along the predetermined radial 
direction C. 

[0072] The driving shaft 161 of the stepping motor 16 is 
disposed at one side of the carriage assembly 15, so that the 
one side of the carriage assembly 15 is movably supported 
by the driving shaft 161 and is apart from the main surface 
of the main frame 13. HoWever, by only the use of the 
driving shaft 161, it is dif?cult to dispose the Whole of the 
carriage assembly 15 apart from the main surface of the 
frame 13. For such disposal, it is necessary to support and 
guide the carriage assembly 15 at the other side of the 
carriage assembly 15. To guide and support the other side of 
the carriage assembly 15, the guide bar 17 is used. The guide 
bar 17 is arranged opposite to the driving shaft 161 of the 
stepping motor 16 so that the carriage assembly 15 is located 
betWeen the guide bar 17 and the driving shaft 161. The 
guide bar 17 extends in parallel With the predetermined 
radial direction C. The both ends 171 and 172 of the guide 
bar 17 are mounted on the main surface of the main frame 
13, as described later. The guide bar 17 guides the carriage 
assembly 15 along the predetermined radial direction C. The 
support of the guide bar 17 results in that the Whole of the 
carriage assembly 15 is disposed apart from the main surface 
of the main frame 13. 

[0073] The ?exible printed circuit (FPC) 152 extends from 
the carriage assembly 15 to the vicinity of the guide bar 17 
and is electrically connected to the main printed substrate 
attached to the back surface of the main frame 13. 

[0074] The guide bar 17 is clamped on the main surface of 
the main frame 13 by the guide bar clamp 18. The guide bar 
clamp 18 is ?xed on the main surface of the main frame 13 
by the binding small screW 19. More speci?cally, the guide 
bar clamp 18 comprises the ?xing member 180 of the 
rectangular shape. The long side of the rectangular shape is 
slightly longer than the length of the guide bar 17. The ?xing 
member 180 has the hole 180a Which is formed by drilling 
at the center of the rectangular shape of the ?xing member 
180. The screW shaft 190 of the binding small screW 19 is 
?xed into the hole 180a. Arms 181 and 182 extend from both 
ends 180b and 180c of the ?xing member 180, to clamp the 
ends 171 and 172 of the guide bar 17. 

[0075] The guide bar clamp 18 merely clamps the guide 
bar 17 and can not ?xed the guide bar 17 on the main surface 
of the main frame 13 Without the help of other members. To 
give the help to locate the both ends 171 and 172 of the guide 
bar 17, a pair of locating members are provided. In the 
concrete example, the pair of locating members comprises 
the pair of bent pieces 201 and 202 Which are formed by 
giving the cutting and bending process to parts of the main 
frame 13. The pair of bent pieces 201 and 202 locates both 
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ends 171 and 172 of the guide bar 17 to ?x the guide bar 17 
on the main surface of the main frame 13 in cooperation With 
the guide bar clamp 18. 

[0076] The loWer carriage 15L of the carriage assembly 15 
also serves as a supporting frame for supporting the carriage 
assembly 15. The carriage assembly 15 can slide along the 
guide bar 17 With the support of the loWer carriage 15L. The 
loWer carriage 15L has a projecting portion Which projects 
from the loWer carriage 15L toWard the guide bar 17. The 
guide bar 17 is slidably ?tted into the projecting portion. 

[0077] The FDD further comprises the eject plate 21 and 
the disk holder 22. A metal plate is bent and pressed so that 
the main frame 13, the eject plate 21, and the disk holder 22 
are formed. 

[0078] The eject plate 21 is mounted on the main surface 
of the main frame 13 and can slide along the insertion 
direction A of the FD and an opposite direction. As Will be 
described later, the eject plate 21 holds, in cooperation With 
the disk holder 22, the FD When the FDD Works. Under the 
hold of the FD by the eject plate 21, the FDD can load the 
FD into the FDD along the insertion direction A and can 
eject the FD from the FDD along the opposite direction. The 
eject plate 21 comprises the pair of side Walls 210 Which are 
opposed to each other. Each of the side Walls 210 has the pair 
of cam portions 211. On the bottom surface of the eject plate 
21, cut portions 212 are formed along the both side Walls 
210. On the center of the bottom surface of the eject plate 21, 
the U-shaped cut portion 213 is formed to surround a part of 
the disk table 11. On the back surface of the eject plate 21, 
a pin is formed to engage With a stop part of an eject lever, 
as Will be described later. 

[0079] The disk holder 22 is arranged on the eject plate 21. 
The disk holder 22 comprises the principal surface 220 and 
the pair of side Walls 221. The side Walls 221 are formed at 
both side ends of the principal surface 220 and are opposite 
to each other. The both side Walls 221 have the projection 
pieces 222 (only one is illustrated). The projection pieces 
222 are inserted into the bores 133 of the main frame 13 
through the cut portions 212 of the eject plate 21. The 
insertion of the projection pieces 222 decides the position of 
the disk holder 22 for the main frame 13 in the insertion 
direction A, so that the disk holder 22 is reciprocated in the 
axial direction B of the rotation axis 11a of the disk table 11. 
Each of the both side Walls 221 has the pair of pins 223. The 
pins 223 are inserted into the cam portions 211 that is formed 
on the side Walls 210 of the eject plate 21. BetWeen the disk 
holder 22 and the eject plate 21, eject springs 23 bridge. 

[0080] In this example, the disk holder 22 is provided With 
the projection pieces 22 and the bores 133 are formed in the 
main frame 13, as mentioned above. HoWever, the present 
invention does not restricted to the example. For example, 
the main frame 13 may be provided With projection pieces 
and bores may be formed in the disk holder 22. 

[0081] With the middle position at the back side of the 
disk holder 22 in the insertion direction A, the opening 
section 224 of the rectangular shape is provided. The open 
ing section 224 extends in the predetermined radial direction 
C, and is disposed at the position corresponding to the upper 
carriage 15U of the carriage assembly 15. The U-shaped 
sWelled portion 225, Which is sWelled up on the principal 
surface 220 of the disk holder, is formed to surround three 








