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A STORAGE DEVICE HAVING HEAD IC 
CONFIGURATION PROCESSING 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a storage device 
used as an external storage device for a computer or the like 
as Well as to a control unit and a control method for the same. 

FIELD OF THE INVENTION 

[0002] As an external storage device for a computer or the 
like, there has been used a storage device having a magnetic 
disk as a storage medium. A memory capacity of a storage 
device is increasing in association With the increase in the 
performance of a main system of a computer and increase in 
a program siZe of softWare used in computers. Accordingly, 
also a recording density has been becoming substantially 
higher, and at the same time there is the strong need for siZe 
reduction. 

[0003] FIG. 8 is a block diagram shoWing electrical 
con?guration of a storage device 100 based on the conven 
tional technology. In this ?gure, the storage device 100 
comprises a HDA (head disk assembly) 110 having a shield 
ing vessel consisting of a base and a cover for shielding the 
magnetic disks 1111 to 111D and magnetic heads 1131 to 113n 
packaged therein, a printed circuit board 120 With various 
types of circuits such as a HDC (hard disk controller) circuit 
121A or a control circuit 125A printed thereon, and a 
connector 140 for electrically connecting the components of 
the HDA 110 to the printed circuit board 120. The storage 
device 100 is also connected to a CPU 150 provided in a 
main system of a computer not shoWn in the ?gure, and 
executes data Write/read according to an instruction from the 
CPU 150. 

[0004] In the HDA 110, magnetic disks 1111 to 111n are n 
sheets of storage medium each magnetically storing data 
therein, and are respectively provided in a layered form 
along the axis of rotation. An SPM (spindlemotor) 112 
rotates themagnetic disks 1111 to 111n at a high speed. Each 
of magnetic head 1131 to 113n comprises a cut ring shaped 
head core having an extremely narroW gap betWeen the tWo 
ends and a coil Wound around the head core, and the 
magnetic head 1131 to 113n are provided adjacent to the 
magnetic disks 1111 to 111n respectively. 

[0005] The magnetic heads 1131 to 113n Write a data into 
the magnetic disk 1111 to 111n according to a magnetic ?eld 
generated by a recording current supplied to the coil When 
data is Written therein, and they also detect the data stored 
in the magnetic disks 1111 to 111n as a regenerated voltage. 
The number of these magnetic heads are appropriately 
selected according to the number of the magnetic disks. 

[0006] Acarriage 114 is provided adjacent to the magnetic 
disks 1111 to 111D and supports the magnetic heads 1131 to 
113m. A VCM (voice coil motor) 115 moves the magnetic 
heads 1131 to 113n by rotating the carriage. An FPC (?exible 
print circuit sheet) 116 is a ?exible Wiring material having a 
form like a sheet and is used for connection betWeen the 
carriage 114 and each terminal (not shoWn herein) of the 
connector 140. 

[0007] Head IC (integrated circuit) 1171 and head IC 1172 
each comprise a Write ampli?er and a preampli?er (both not 
shoWn herein), and are packaged on a surface of an FPC 116 
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in parallel to each other. The Write ampli?er sWitches the 
polarity of the recording current to be supplied to each of the 
magnetic heads 1131 to 113n according to Write data supplied 
from the CPU 150, and the preampli?er ampli?ers a regen 
erated voltage (read voltage) detected by each of the mag 
netic head 1131 to 113m. 

[0008] Herein, a number of magnetic heads Which can be 
controlled by one head IC (for instance, head IC 1171) is 
naturally limited, and When the number n of the magnetic 
heads 1131 to 113n exceeds the upper limit, tWo head ICs (in 
a case shoWn in the ?gure, the head ICs 1171 and 1172) are 
provided, and the magnetic heads 1131 to 113n are controlled 
by these tWo heads. 

[0009] Thus, the head IC 1171 shoWn in this ?gure is 
provided for a speci?ed number of magnetic heads of the 
magnetic heads 1131 to 113D and the head IC 1172 is 
provided for the remaining ones of the magnetic heads 1131 
to 113D. 

[0010] When the number of magnetic heads 1131 to 113n 
does not exceeds the upper limit, the head IC 1172 need not 
be provided, and the magnetic heads 1131 to 113n may be 
controlled by only the head IC 1171. 

[0011] Further the head IC 1171 and head IC 1172 output 
a ?rst IC current I1 and a second IC current I2 from each 
terminal not shoWn herein When a select signal Ss described 
later is inputted and selected. The ?rst IC current I1 and 
second IC current I2 are outputted via the FPC 116 to the 
connector 140. 

[0012] The printed circuit board 120 is a board detachably 
attached via the connector 140 to a rear surface of the HDA 
110, and the connector 140 plays as an interface betWeen 
components of the HDA 110 and various circuits packaged 
on the printed circuit board 120. In the printed circuit board 
120 described above, the HDC circuit 121A is connected via 
a SCSI (Small Computer System Interface) bus not shoWn 
herein to the CPU 150, and transacts various types of 
instruction, Write data to be Written in the magnetic disks 
1111 to 111D and read data read out from the magnetic disks 
1111 to 111n to the CPU 150 via the SCSI bus. 

[0013] The HDC circuit 121A generates a select command 
Cs for selecting one of the head ICs 1171 and 1172, a control 
signal for controlling a format of recording and regeneration 
in the magnetic disks 1111 to 111n or the like. Detailed 
description of operations of the HDC circuit 121A is made 
later. 

[0014] Abuffer circuit 122 is a DRAM (Dynamic Random 
Access Memory) having a storage capacity of 512 K bytes, 
and temporally stores therein Write data inputted from the 
CPU 150 and read data read out from the magnetic disks 

1111 to 111m. 

[0015] A ROM (Read Only Memory) 123 stores a pro 
gram for Write/read control executed by the HDC circuit 
121A, and is accessed by the HDC circuit 121A When the 
program is to be executed. A RAM (Random Access 
Memory) 124 temporarily stores the data generated When 
the above program is executed. 

[0016] A read/Write circuit 129 has circuits such as a 
modulating circuit for Writing Write data in the magnetic 
disks 1111 to 111m, a parallel/serial converting circuit for 
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converting parallel Write data to serial data, a demodulating 
circuit for reading read data from the magnetic disks 1111 to 
111n or the like. 

[0017] Further, the read/Write circuit 129 has circuits such 
as a serial/parallel converting circuit for converting serial 
read data to parallel data, a synthesiZer circuit for generated 
a timing signal for controlling timing for each section of the 
device by multiplying a frequency of an oscillation circuit 
using a quartZ oscillator or the like. When a select command 
Cs is inputted from the HDC circuit 121A, the control circuit 
125A outputs a select signal Ss to any of the head IC 1171 
and head IC 1172 via the connector 140 and FPC 116. 
Detailed description of operations of the control circuit 
125A is made later. 

[0018] A servo demodulating circuit 126 demodulates 
servo patterns for positioning stored in the magnetic disks 
1111 to 111n by means of peak holding or integration. AVCM 
(Voice Coil Motor) driving circuit 127 drives the VCM 115, 
and has a poWer ampli?er (not shoWn) for supplying a 
driving current to the VCM 115. A SPM (spindle motor) 
driving circuit 128 drives the SPM 112, and has a poWer 
ampli?er (not shoWn) for supplying a driving circuit via the 
connector 140. 

[0019] The control circuit 125A recogniZes a servo pattern 
demodulated by the servo demodulating circuit 126, and 
controls a driving current supplied to the VCM driving 
circuit 127 and the SPM driving circuit 128 for providing 
positional controls over the magnetic heads 1131 to 113,. 
The control circuit 125A also controls the HDC circuit 
121A, read/Write circuit 129, buffer circuit 122. 

[0020] A pull-up circuit 131 is packaged on the printed 
circuit board 120 and is electrically connected via the 
connector 140 to the PFC 116. Herein When tWo head ICs 
1171 and 1172 are electrically packaged in the PFC 116, the 
pull-up circuit 131 is connected to the ground in the side of 
FPC 116. In this case, the pull-up circuit 131 outputs a 
pull-up voltage Vp (loW-level voltage) When a poWer is 
supplied. Namely, When a pull-up voltage Vp from the 
pull-up circuit 131 is 0 V, it indicates that a number Nic of 
head ICs electrically connected to the PFC 116 (of head IC 
1171 and head IC 1172 in the ?gure) is tWo. 

[0021] On the other hand, When it is determined that only 
one head IC 1171 is electrically connected to the FPC 116, 
it indicates that the pull-up circuit is not connected to 
ground. In this case, the pull-up circuit 131 outputs a pull-up 
voltage Vp of 5 V (high-level voltage). Namely, When a 
pull-up voltage Vp from the pull-up circuit 131 is 5 V, it 
indicates that the number Nic of head ICs (head IC 1171 in 
the ?gure) electrically connected to the FPC 116 is one. 

[0022] The current/voltage converting circuit 132 converts 
a synthesiZed current I0 (=?rst IC current I1+second IC 
current I2) inputted via the connector 140 to a IC voltage 
Vic. Herein, When tWo head ICs 1171 and 1172 are selected, 
as the ?rst IC current I1 and second IC current I2 are 
outputted from the terminals respectively, so that the syn 
thesiZed current I0 is a sum of the ?rst IC current I1 and 
second IC current I2. 

[0023] On the other hand, When only one head IC 1171 is 
selected, the ?rst IC current I1 is outputted from a terminal 
of the head IC 1171, and the second IC current I2 is not 
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outputted from the head IC 1172, so that the synthesiZed 
current I0 is equal to the ?rst IC current I1. 

[0024] As an eXample of the IC voltage Vic, When the 
number Nic of head ICs is tWo, namely When the synthe 
siZed current I0=(?rst IC current I1)+(second IC current I2), 
the IC voltage Vic is 1.0 V. On the other hand, When the 
number Nic of head ICs is one, namely When the synthesiZed 
current I0=?rst IC current I1, the IC voltage Vic is 3.0 V. 

[0025] A reference voltage generating circuit 133A gen 
erates a reference voltage Vr (=1.7 V) used for comparison 
With the IC voltage Vic in a voltage comparing circuit 134. 
The voltage comparing circuit 134 compares the IC voltage 
Vic inputted from the current/voltage converting circuit 132 
to the reference voltage Vr. When the IC voltage Vic is 
higher than the reference voltage Vr the voltage comparing 
circuit 134 outputs a comparison result voltage Vc of 5 V 
indicating a result of comparison to the control circuit 125A. 
The fact that the comparison result voltage Vc is 5 V 
indicates that only one head IC (for instance, head IC 1171) 
has been selected. 

[0026] On the other hand, the voltage comparing circuit 
134 outputs a comparison result voltage Vc of 0 V indicating 
a result of comparison to the control circuit 125A When the 
IC voltage Vic is loWer than the reference voltage Vr. Herein, 
the fact that the comparison result voltage Vc is 0 V 
indicates that tWo head ICs (head ICs 1171 and 1172) are 
selected. 

[0027] Operations of the storage device 100 based on the 
conventional technology With Will be described reference to 
FIG. 9 and FIG. 10. FIG. 9 is a How chart shoWing 
operations of the storage device 100 based on the conven 
tional technology for recogniZing (con?rming) the number 
of ICs, While FIG. 10 is a How chart shoWing a read/Write 
processing in the storage device 100 based on the conven 
tional technology. 

[0028] Herein the operation for checking the number of 
ICs in FIG. 9 means an operation for making the HDC 
circuit 121A recogniZe the number Nic of head ICs electri 
cally connected to the FPC 116 as an initial operation after 
a poWer is supplied to each section of the storage device 100. 
Herein, the reason for making the HDC circuit 121A rec 
ogniZe the number Nic of head ICs is that a method for the 
read/Write processing changes according to the number Nic 
of head ICs. 

[0029] On the other hand, the read/Write control process 
ing in FIG. 10 indicates a Write operation for Writing Write 
data supplied from the CPU 150 in the magnetic disks 1111 
to 111D and a read operation for reading read data from the 
magnetic disks 1111 to 111m. 

[0030] In FIG. 8, it is assumed that tWo head ICs 1171 and 
1172 are electrically connected to the FPC 116 and also that 
the pull-up 131 is grounded in the FPC 116 side. In this case, 
When a poWer is supplied to each section of the device, the 
HDC circuit 121A shifts the processing to step SA1 shoWn 
in FIG. 9, determines as to Whether a pull-up voltage Vp has 
been inputted from the pull-up circuit 131 to the control 
circuit 125A or not. When it is determined that the pull-up 
voltage Vp has not been inputted from the pull-up circuit 
131 to the control circuit 125A the same operation is 
repeated. 
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[0031] When a power is supplied to the pull-up circuit 
131, as the pull-up circuit 131 is connected to ground it 
outputs a pull-up voltage Vp of 0 V (loW-level voltage) to 
the control circuit 125A. The HDC circuit 121A determines 
that the result of determination in step SA1 as “Yes” and 
shifts the processing to step SA2. In step SA2, the HDC 
circuit 121A determines Whether the pull-up voltage Vp 
inputted into the control circuit 125A is 5 V (high-level 
voltage) or not. In this case, the HDC circuit 121A recog 
niZes the result of determination as “No” and then shifts the 
processing to step SA5. In step SA5, the HDC circuit 121A 
recogniZes according to the pull-up voltage Vp (=0 V) that 
the number Nic of ICs is tWo, shifts the processing to step 
SA4 and then eXecutes the read/Write control processing. 

[0032] On the other hand, When only one head IC 1171 is 
connected and at the same time the pull-up circuit 131 is not 
connected to the ground, as a pull-up voltage Vp outputted 
from the pull-up circuit 131 to the control circuit 125A is 5 
V (high-level voltage) the HDC circuit 121A recogniZes that 
a result of comparison in step SA2 is “Yes” and shifts the 
processing to step SA3. In step SA3, the HDC circuit 121A 
recogniZes according to the pull-up voltage Vp (=5 V) that 
the number Nic of ICs is one, shifts the processing to step 
SA4 and then eXecutes the read/Write control processing. 

[0033] Description is made for the read/Write control 
processing When the number Nic of ICs is tWo, namely When 
the HDC circuit 121A shifts the processing from step SA5 
to step SA4 in FIG. 9 With reference to FIG. 10. 

[0034] Assuming that a command for Writing Write data in 
the magnetic disks 1111 to 111m, or a command for reading 
read data from the magnetic disks 1111 to 111n is inputted 
from the CPU 150 shoWn in FIG. 8 to the HDC circuit 
121A, the HDC 121A shifts the processing to step SB1 
shoWn in FIG. 10. In step SB1, the HDC circuit 121A selects 
a head IC to be used for read/Write from or to the magnetic 
disks 1111 to 111n out of the tWo head ICs 1171 and 1172 
recogniZed in step SA5 (Refer to FIG. 9). In this case, if the 
head IC 1171 is selected, the HDC circuit 121A outputs a 
select command Cs indicating a result of the selection above 
to the control circuit 125A. 

[0035] In step SB2, the control circuit 125A outputs a 
select signal Ss via the connector 140 and FPC 116 to the 
head IC 1171. In step SB3, the current/voltage converting 
circuit 132 determines Whether the synthesiZed current I0 is 
inputted or not and Waits till the synthesiZed current I0 is 
inputted. 

[0036] When the select signal Ss is inputted into the head 
IC 1171, the ?rst IC current I1 is outputted as the synthesiZed 
current I0 from a terminal of the head IC 1171 via the FPC 
116 and connector 140 to the current/voltage converting 
circuit 132. The current/voltage converting circuit 132 shifts 
the processing from step SB3 to step SB4, converts the 
inputted synthesiZed current I0 to the IC voltage Vic (=3.0 
V), and then outputs the IC voltage Vic to the voltage 
comparing circuit 134. 

[0037] In step SB5, the voltage comparing circuit 134 
compares the inputted IC voltage Vic (=3.0 V) With the 
reference voltage Vr (1.7 V) inputted from the reference 
voltage generating circuit 133A and then shifts the process 
ing to step SB6. In step SB6, the voltage comparing circuit 
134 determines Whether the IC voltage Vic is higher than the 
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reference voltage Vr or not, and as the IC voltage Vic is 
higher than the reference voltage Vr in this case, recogniZes 
that a result of determination in step SB6 is “Yes” and then 
shifts the processing to step SB7. 

[0038] In step SB7, the voltage comparing circuit 134 
outputs the comparison result voltage of 5 V (high-level 
voltage) indicating a result of comparison to the control 
circuit 125A. With this operation, in step SBS, the HDC 
circuit 121A recogniZes that a head IC has been selected 
normally, and shifts the processing to step SB9. Herein 
normal selection indicates that the select signal Ss is input 
ted only to the head IC 1171 selected in step SB1, and that 
the selected head IC 1171 is operating normally. In step SB9, 
the HDC circuit 121A executes read/Write controls over the 
magnetic disks 1111 to 111n by controlling each section of 
the device according to a command from the CPU 150. 

[0039] On the other hand, in step SB2, it is assumed that 
the select signal Ss Was outputted to both the head ICs 1171 
and 1172 due to a trouble or for some other reasons in spite 
that it Was instructed to output the select signal Ss via the 
connector 140 and FPC 116 from the control circuit 125A 
only to the head IC 1171. Namely, in this case, in spite that 
the HDC circuit 121A selected one head IC 1171, tWo head 
ICs 1171 and 1172 Were selected due to a trouble or for some 
other reasons. 

[0040] Then, When the select signal Ss is inputted into 
both the head ICs 1171 and 1172, a sum of the ?rst IC current 
I1 and second IC current I2 is outputted as the synthesiZed 
current I0 from terminal of the head ICs 1171 and 1172 via 
the FPC 116 and connector 140 to the current/voltage 
converting circuit 132. Therefore, the current/voltage con 
verting circuit 132 shifts the processing from step SB3 to 
step SB4, converts the inputted synthesiZed current I0 to the 
IC voltage Vic (=1.0 V), and outputs the IC voltage Vic to 
the voltage comparing circuit 134. In step SB5, the voltage 
comparing circuit 134 compares the inputted IC voltage Vic 
(=1.0 V) With the reference voltage Vr (1.7 V) inputted from 
the reference voltage generating circuit 133A, and then 
shifts the processing to step SB6. In step SB6, as the IC 
voltage Vic is loWer than the reference voltage Vr, the 
voltage comparing circuit 134 recogniZes a result of deter 
mination in step SB6 as “No”, and shifts the processing to 
step SB10. 

[0041] In step SB10, the voltage comparing circuit 134 
outputs a comparison result voltage Vc of 0 V indicating a 
result of comparison to the control circuit 125A. In step 
SB10, the HDC circuit 121A recogniZes that tWo head IC 
have been selected, namely that an abnormal state (trouble) 
has been generated, shifts the processing to step SB12 and 
terminates the read/Write control processing. 

[0042] In the above description, it is assumed that the 
number Nic of head ICs electrically connected to the FPC 
116 in the storage device 100 is tWo, but hereafter descrip 
tion is made for an another storage device in Which the 
number Nic is three With reference to FIG. 11. 

[0043] FIG. 11 is a block diagram shoWing electrical 
con?guration of a storage device 200 having the conven 
tional type of con?guration. In this ?gure, the same refer 
ence numerals are assigned to the same components as those 
in FIG. 8 and description thereof is omitted herein. In FIG. 
11, a HDC circuit 121B and a control circuit 125B are 
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provided in place of the HDC circuit 121A and control 
circuit 125A shoWn in FIG. 8, and a head IC 1173 and a 
pull-doWn circuit 135 are added. In FIG. 11, a read/Write 
circuit 129 also provides read/Write controls over the third 
head IC 1173. 

[0044] The head IC 1173 shoWn in FIG. 11 has the same 
functions as those of the head ICs 1171 and 1172, and is 
provided in parallel With the head ICs 1171 and 1172 on a 
surface of the FPC 116. The basic functions of the HDC 
circuit 121B are the same as those of the HDC circuit 121A, 
hoWever it outputs a select command Cs for selecting one of 
the three head ICs 1171 to 1173 to the control circuit 125B, 
and provides read/Write controls using these three head ICs 
1171 to 1173. It should be noted that detailed description is 
made later for operations of the HDC circuit 121B and 
control circuit 125B. 

[0045] The pull-doWn circuit 135 is packaged on the 
printed circuit board 120, and is electrically connected via 
the connector 140 to the FPC 116. Also the pull-doWn circuit 
135 is grounded in the side of FPC 116. In this state of 
connection, When a poWer is supplied, the pull-doWn circuit 
135 outputs a pull-doWn voltage Vd of 0 V (loW-level 
voltage) to the control circuit 125B. 

[0046] On the other hand, the pull-up circuit 131 packaged 
in parallel With the pull-up circuit 135 is not connected to the 
ground in the FPC 116 side. Therefore, When a poWer is 
supplied, the pull-up circuit 131 outputs a pull-up voltage 
Vp of 5 V (high-level voltage) to the control circuit 125B. 
Namely, When a pull-doWn voltage Vd from the pull-doWn 
circuit 135 is 0 V (loW-level voltage) and at the same time 
a pull-up voltage Vp from the pull-up circuit 131 is 5 V 
(high-level voltage), it indicated that the number Nic of head 
ICs electrically connected to the PFC 116 (head ICs 1171 to 
1173 in the ?gure) is three. 

[0047] Description is made for operations of the conven 
tional type of storage device 200 for checking the number of 
ICs With reference to FIG. 12. Herein the operation for 
recogniZing the number of ICs means an operation for 
making the HDC circuit 121B recogniZe the number Nic of 
head ICs electrically connected to the FPC 116 as an initial 
operation after a poWer is supplied to each section of the 
storage device 200. 

[0048] In FIG. 11, When a poWer is supplied to each 
section of the device, the HDC circuit 121B shifts the 
processing to step SC1 shoWn in FIG. 12 With a pull-up 
voltage Vp (=5 V) inputted from the pull-up circuit 131 to 
the control circuit 125B, and determines Whether a pull-up 
voltage (=0 V) has been inputted from the pull-up circuit 135 
or not, and, When a result of determination is “No”, repeats 
the determination. 

[0049] When a poWer is supplied to each of the pull-up 
circuit 131 and pull-doWn circuit 135, the pull-up circuit 131 
outputs a pull-up voltage Vp (=5 V) to the control circuit 
125B, and the pull-doWn circuit 135 outputs a pull-doWn 
voltage Vd (=0 V) to the control circuit 125B. The HDC 
circuit 121B recogniZes that a result of determination in step 
SC1 is “Yes” and shifts the processing to step SC2. In step 
SC2, the HDC circuit 121B recogniZes that the number Nic 
of ICs is three, shifts the processing to step SC3, provides 
the read/Write controls as shoWn in FIG. 10, and eXecutes 
the read/Write control processing using the three head ICs 
1171 to 1173. 
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[0050] In the conventional types of storage devices as 
described above, there are strong needs for simplifying the 
con?guration, reducing the siZe and the cost by reducing an 
area required for packaging or required components in 
association With the tendency for higher performance and 
siZe reduction of computers. At the same time, there are also 
the needs for larger storage capacity and higher recording 
density, Which necessitates packaging of components each 
With complicated circuit con?guration on a printed circuit 
board having a limited packaging area. 

[0051] In the conventional type of storage device 100 as 
shoWn in FIG. 8, as the pull-up circuit 131 used only for 
recogniZing the number of ICs is packaged on the printed 
circuit board 120, an additional area for packaging must be 
acquired on the printed circuit board 120, and this need has 
not fully been satis?ed in the conventional technology. 

[0052] Especially, When the number Nic of head ICs is 
three like in a case of the storage device 200 shoWn in FIG. 
11, in addition to the pull-up circuit 131, also the pull-doWn 
circuit 135 is required to additionally be packaged on the 
printed circuit board 120, Which makes it difficult to achieve 
the above-described objects of simpli?cation, siZe reduction, 
and cost reduction. 

SUMMARY OF THE INVENTION 

[0053] It is an object of the present invention to provide a 
storage device Which alloWs simpli?cation of con?guration, 
siZe reduction, and cost reduction as Well as a control unit 
and a control method for the same. 

[0054] With the present invention, all of the head ICs are 
selected by a selecting unit, and if the number of head ICs 
is one, an IC current is inputted as a synthesiZed current from 
this head IC to an IC number checking unit. From the 
inputted synthesiZed current the IC number checking unit 
recogniZes that the number of head ICs is one. On the other 
hand, When the number of head ICs is plural and all of the 
head ICs are selected by the selecting unit, IC currents are 
outputted from each of the head IC, and the IC currents are 
summed up into a synthesiZed current that is inputted into 
the IC number checking unit. From the inputted synthesiZed 
current the IC number checking unit recogniZes that the 
number of head ICs is plural. 

[0055] According to the present invention, the number of 
head ICs is con?rmed according to the synthesiZed current 
obtained by synthesiZing the IC currents, so that a circuit 
dedicated for con?rming the number of ICs as required in 
the conventional technology is not necessary, and a pack 
aging area equivalent to the packaging area of such a 
dedicated circuit can be reduced. 

[0056] With the present invention, When all of the head 
ICs are selected by a selecting unit, IC currents from each of 
the head ICs are summed up to get a synthesiZed current that 
is inputted into a current/voltage converting unit. The cur 
rent/voltage converting unit converts the synthesiZed current 
to an IC voltage, and a comparing unit compares the IC 
voltage to a reference voltage. An IC number con?rming 
unit con?rms from a result of comparison by the comparing 
unit Whether the number of head ICs is one or plural. 

[0057] According to the present invention, Whether the 
number of head ICs is one or plural is con?rmed according 
to a result of comparison by the comparing unit, so that a 
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circuit dedicated for con?rming the number of ICs as 
required in the conventional technology is not necessary, and 
a packaging area equivalent to the packaging area of such a 
dedicated circuit can be reduced. 

[0058] With the present invention, all of the head ICs are 
selected by a selecting unit, and When the number of head 
ICs is one, an IC current from this head IC is inputted as a 
synthesiZed current into an IC number con?rming unit. 
From the inputted synthesiZed current the number checking 
unit recogniZes that the number of head ICs is one. On the 
other hand, When there are a plurality of head ICs and all of 
the head ICs are selected by the selecting unit, IC currents 
are outputted from each of the head ICs and the IC currents 
are summed up to get a synthesiZed current that is inputted 
into the IC number checking unit. From the inputted syn 
thesiZed current the IC number con?rming unit recogniZes 
that the number of head ICs is plural. 

[0059] According to the present invention, the number of 
head ICs is con?rmed according to a synthesiZed current 
obtained by synthesiZing IC currents, so that a circuit 
dedicated for con?rming the number of ICs as required in 
the conventional technology is not necessary, and a pack 
aging area equivalent to the packaging area of such a 
dedicated circuit can be reduced. 

[0060] With the present invention, When all of the head 
ICs are selected by a selecting unit, IC currents are outputted 
from each of the head ICs and are summed up to get a 
synthesiZed current that is inputted into a current/voltage 
converting circuit. The current/voltage converting unit con 
verts the synthesiZed current to an IC voltage, and a com 
paring unit compares the IC voltage With a reference volt 
age. An IC number con?rming unit con?rms according to a 
result of comparison by the comparing unit Whether the 
number of head ICs is one or plural. 

[0061] According to the present invention, Whether the 
number of head ICs is one or plural is checked according to 
a result of comparison by the comparing unit, so that a 
circuit dedicated for con?rming the number of ICs as 
required in the conventional technology is not necessary, and 
a packaging area equivalent to the packaging area of such a 
dedicated circuit can be reduced. 

[0062] With the present invention, all of the head ICs are 
selected in a selecting step, and When the number of head 
ICs is one, an IC current is outputted as a synthesiZed current 
from this head IC. In an IC number con?rming step it is 
recogniZed according to the synthesiZed current that the 
number of head ICs is one. On the other hand, When there 
are a plurality of head ICs all of the head ICs are selected in 
the selecting step and the IC currents outputted from each of 
the head ICs are summed and outputted as a synthesiZed 
current. Thus, in the IC number con?rming step it is recog 
niZed according to the synthesiZed current that the number 
of head ICs is plural. 

[0063] According to the present invention, the number of 
head ICs is con?rmed according to the synthesiZed current 
obtained by synthesiZing the IC currents, so that a circuit 
dedicated for con?rming the number of ICs as required in 
the conventional technology is not necessary, and a pack 
aging area equivalent to the packaging area of such a 
dedicated circuit can be reduced. 

[0064] With the present invention, head ICs are selected in 
a selecting step, and IC currents are outputted as a synthe 
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siZed current from the head ICs. The synthesiZed current is 
converted to an IC voltage in a current/voltage converting 
step, and the IC voltage is compared With a reference voltage 
in a comparing step. In an IC number con?rming step, 
Whether the number of head ICs is one or plural is con?rmed 
according to a result of comparison in the comparing step. 

[0065] According to the present invention, Whether the 
number of head ICs is one or plural is con?rmed according 
to a result of comparison in the comparing step, so that a 
circuit dedicated for con?rming the number of ICs as 
required in the conventional technology is not necessary, and 
a packaging area equivalent to the packaging area of such a 
dedicated circuit can be reduced. 

[0066] Other objects and features of this invention Will 
become apparent from the folloWing description With refer 
ence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] FIG. 1 is an exploded perspective vieW shoWing an 
outer appearance and the con?guration of a storage device 
according to Embodiment 1 of the present invention; 

[0068] FIG. 2 is a block diagram shoWing an electrical 
con?guration of the storage device according to Embodi 
ment 1; 

[0069] FIG. 3 is a How chart shoWing operations for 
recogniZing the number of head ICs in the storage device 
according to Embodiment 1; 

[0070] FIG. 4 is a block diagram shoWing an electrical 
con?guration of the storage device according to Embodi 
ment 2 of the present invention; 

[0071] FIG. 5A and FIG. 5B are How charts shoWing 
operations for recogniZing the number of head ICs in the 
storage device according to Embodiment 2; 

[0072] FIG. 6 is a block diagram shoWing electrical 
con?guration of a storage device according to Embodiment 
3 of the present invention; 

[0073] FIG. 7 is a How chart shoWing operations for 
recogniZing the number of head ICs in the storage device 
according to Embodiment 3; 

[0074] FIG. 8 is a block diagram shoWing electrical 
con?guration of a storage device based on the conventional 
technology; 
[0075] FIG. 9 is a How chart shoWing operations for 
recogniZing the number of head ICs in the above storage 
device based on the conventional technology; 

[0076] FIG. 10 is a How chart shoWing read/Write control 
processing in the above storage device based on the con 
ventional technology; 

[0077] FIG. 11 is a block diagram shoWing electrical 
con?guration of the storage device based on the conven 
tional technology; and 

[0078] FIG. 12 is a How chart shoWing operations for 
recogniZing the number of head ICs in the above storage 
device based on the conventional technology. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0079] Embodiments 1 to 3 of the storage device accord 
ing to the present invention are described beloW With 
reference to the related draWings. 



US 2002/0006005 A1 

[0080] FIG. 1 is an exploded perspective vieW showing 
the outer appearance and the con?guration of a storage 
device 10 according to Embodiment 1 of the present inven 
tion, and FIG. 2 is a block diagram shoWing electrical 
con?guration of the storage device 10 according to Embodi 
ment 1. The same reference numerals are assigned in FIG. 
1 and FIG. 2 to the same components as those in FIG. 8, and 
description thereof is omitted therein. 

[0081] In the storage device shoWn in FIG. 2, a HDC 
circuit 121C and a control circuit 125C are provided in place 
of the HDC circuit 121A and control circuit 125A shoWn in 
FIG. 8, and the pull-up circuit 131 shoWn in FIG. 8 is not 
provided. 

[0082] The HDC circuit 121C and control circuit 125C 
shoWn in FIG. 2 has the same functions for the read/Write 
control processing described With reference to FIG. 10 as 
those of the HDC circuit 121A and control circuit 125A 
shoWn in FIG. 8, but the operation for recogniZing the 
number of head ICs is different from those in the HDC 
circuit 121A and the control circuit 125A. Details of the 
operation for recogniZing the number of ICs in the HDC 
circuit 121C and control circuit 125C are described later, and 
brie?y the HDC circuit 121C and control circuit 125C 
recogniZe the number of ICs by checking Whether the 
number Nic of ICs is one or tWo making use of the existing 
current/voltage converting circuit 132, voltage comparing 
circuit 134, and reference voltage generating circuit 133A. 

[0083] FIG. 1 shoWs the appearance and con?guration of 
the storage device 10 (Refer to FIG. 2) according to 
Embodiment 1. In the storage device 10 shoWn in FIG. 1, a 
HDA 110 (Refer to FIG. 2) is attached to a rear surface of 
the printed circuit board 120 (Refer to FIG. 2). 

[0084] The HDA 110 comprises a base 11 Which has a 
shape like a boX With the top face open, the magnetic disks 
1111 to 11111, a SPM 112, magnetic heads 1131 to 11311, a 
carriage 114, a VCM 115, an FPC 116, head ICs 1171 and 
1172, a cover 12 for shielding the upper opening of the base 
11, and a packing 13. It should be noted that, of the 
components accommodated in the base 11, magnetic heads 
1132 to 113m, and VCM 115 are not shoWn. 

[0085] Various types of circuits such as the HDC circuit 
121C or the buffer circuit 122 shoWn in FIG. 2 are packaged 
on the printed circuit board 120 shoWn in FIG. 1, and these 
various types of circuits are electrically connected via the 
connector 140 to various types of components (head IC 1171 
or the like) in the HDA 110. 

[0086] Description is made for the operations for recog 
niZing the number of ICs in the storage device 10 according 
to Embodiment 1 described above With reference to a 
?oWchart in FIG. 3. 

[0087] In FIG. 2, When a poWer is supplied to each section 
of the device, the HDC circuit 121C shifts the processing to 
step SD1 shoWn in FIG. 3, and outputs a select command Cs 
for selecting all of the head ICs to the control circuit 125C. 
In this case, all of the head ICs means the head ICs 1171 and 
IC 1172. 

[0088] In step SD2, the control circuit 125C outputs a 
select signal Ss for selecting both the head ICs 1171 and 1172 
via the connector 140 and FPC 116. In step SD3, the 
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current/voltage converting circuit 132 determines Whether 
the synthesiZed current I0 has been inputted or not. 

[0089] When the select signal Ss is inputted into each of 
the head IC 1171 and 1172 a ?rst IC current I1 and a second 
IC current I2 are outputted from the head IC 1171 and head 
IC 1172 respectively. The ?rst IC current I1 and the second 
IC current I2 are inputted as a synthesiZed current I0 via the 
FPC 116 and connector 140 into the current/voltage con 
verting circuit 132. 

[0090] The current/voltage converting circuit 132 shifts 
the processing from step SD3 to step SD4, converts the 
inputted synthesiZed current I0 (=?rst IC current I1+second 
IC current I2) to an IC voltage Vic (=1.0 V), and outputs the 
synthesiZed voltage to the voltage comparing circuit 134. In 
step SD5, the voltage comparing circuit 134 compares the 
inputted IC voltage Vic (=1.0 V) With the reference voltage 
Vr (=1.7 V) inputted from the reference voltage generating 
circuit 133A, and then shifts the processing to step SD6. In 
step SD6, the voltage comparing circuit 134 determines 
Whether the reference voltage Vr is loWer than the IC voltage 
Vic or not, and in this case, as the reference voltage Vr is 
higher than the IC voltage Vic, the voltage comparing circuit 
134 recogniZes a result of determination in step SD6 as “No” 
and shifts the processing to step SD10. 

[0091] In step SD10, the voltage comparing circuit 134 
outputs a comparison result voltage Vc of 0 V (loW-level 
voltage) indicating a result of comparison to the control 
circuit 125C. In step SD11, the HDC circuit 121C recog 
niZes that the number Nic of head ICs electrically connected 
to the FPC 116 is tWo, and then shifts the processing to step 
SD9. In step SD9, the HDC circuit 121C eXecutes the 
read/Write control processing as described in FIG. 10. 

[0092] Description is made for a case Where, in the storage 
device shoWn in FIG. 2, the number Nic of head ICs is one, 
namely a case Where only one head IC 1171 is electrically 
connected to the FPC 116. When a poWer is supplied to each 
section of the storage device 10, in step SD1 shoWn in FIG. 
3, the HDC 121C outputs a select command Cs for selecting 
all head ICs to the control circuit 125C. In this case, all head 
ICs mean the head IC 1171. 

[0093] In step SD2, the control circuit 125C outputs a 
select signal Ss for selecting all head ICs via the connector 
140 and FPC 116 to the head IC 1171. 

[0094] When the select signal Ss is inputted into the head 
IC 1171, a ?rst IC current I1 is outputted from a terminal of 
the head IC 1171. The ?rst IC current I1 is inputted as a 
synthesiZed current I0 via the FPC 116 and connector 140 
into the current/voltage converting circuit 132. The current/ 
voltage converting circuit 132 shifts the processing from 
step SD3 to step SD4, converts the inputted synthesiZed 
current I0 (=?rst IC current I1) to the IC voltage Vic (=3.0 
V), and outputs the IC voltage Vic to the voltage comparing 
circuit 134. 

[0095] In step SD5, the voltage comparing circuit 134 
compares the inputted IC voltage Vic (=3.0 V) With a 
reference voltage Vr (=1.7 V) inputted from the reference 
voltage generating circuit 133A and shifts the processing to 
step SD6. In step SD6, as the reference voltage Vr is loWer 
than the IC voltage Vic, the voltage comparing circuit 134 
recogniZes a result of determination in step SD6 as “Yes”, 
and then shifts the processing to step SD7. In step SD7, the 












