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avoiding electrostatic breakdown of magnetic head

(57) A head suspension assembly (28) for use in a
magnetic disk drive includes a magnetic head (32) con-
stituted by a magnetoresistive element for reading data
and a head element for writing data, a slider (36) for
holding the magnetic head (32) above a surface of a
rotating magnetic recording medium, a suspension (30)
for supporting the slider (36), and a head integrated cir-
cuit (34) mounted on the suspension (30). The head
integrated circuit (34) having a built-in protection circuit
(201) electrically connected with the magnetoresistive
element (321) to protect the magnetoresistive element
from electrostatic breakdown. Thereby, the magnetic
head (32) can be efficiently prevented from suffering
electrostatic breakdown due to, e.g., electrostatic dis-
charge (ESD) occurring during the assembly process of
incorporating the head suspension assembly (28) into
the magnetic disk drive.
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Description

[0001] The present invention relates to a head inte-
grated circuit (IC), a head amplifier circuit, a head sus-
pension assembly, and a magnetic disk drive for
avoiding electrostatic breakdown of a magnetic head.
[0002] With conventional magnetic disk drives hav-
ing built-in head suspension assemblies (HSA) each
including a suspension on which a head is mounted, it is
a standard practice to mount a head amplifier circuit
including a read amplifier circuit which amplifies a signal
read by the head from a magnetic recording medium,
and a write driver circuit which allows the head to write
data onto the magnetic recording medium by reversing
a direction of current flow to the head, on a flexible
printed circuit board (FPC) as a cabling member for
interconnections.
[0003] The FPC (hereinafter referred to as the main
FPC) is formed on top with a pattern of conductive inter-
connections connected with input/output terminals of
the head amplifier circuit. On the opposite side of the
interconnections to the head amplifier circuit are formed
connection pads which correspond in number to head
suspension assemblies (HSAs) used.
[0004] To each HSA is fixed a relay FPC which con-
nects the electrodes of the corresponding head
attached to its end with a preamplifier circuit through the
main FPC. The relay FPC is formed with a pattern of
interconnections which are connected at its one end
with the electrodes of the corresponding head. The
other end of the relay FPC forms a soldering portion
consisting of electrode pads connected with the pattern
of interconnections. The relay FPC is electrically and
mechanically connected with the main FPC by soldering
together each electrode pad of the relay FPC and a cor-
responding one of the connection pads of the main
FPC.
[0005] Since the FPC has excellent flexibility, the
movement of the head along the surface of a magnetic
recording medium does never adversely affect the state
of connection of the head with the head amplifier
through the soldering portion.
[0006] As one of means for implementing high-den-
sity recording, a so-called combined separate type of
magnetic head has recently been used in magnetic disk
drives, which uses a magnetoresistive (MR) element
that provides high reproduced output as a reproduction
head and a thin-film head as a recording head. This
type of head is called MR head.
[0007] The MR element in the MR head, while pro-
viding high reproduced output, has a drawback of being
easy to suffer breakdown (electrostatic breakdown) due
to electrostatic discharge (ESD). For this reason, a
head amplifier circuit has also been developed recently
which is equipped with a protection circuit for protecting
the MR head from electrostatic breakdown due to ESD.
[0008] However, the provision of the MR protection
circuit in the head amplifier does not always avoid the

electrostatic breakdown of the MR head.

[0009] The inventors have found that the break-
down is easy to occur at the time of assembly work of
incorporating the HSAs into the drive unit and that the
breakdown is caused by ESD that occurs in the vicinity
of the soldering portion of the relay FPC through a
worker who is soldering together the relay FPC con-
nected with the MR head and the main FPC on which
the head amplifier is mounted. In such a case, the MR
protection circuit, even if it is provided in the head ampli-
fier circuit, does not function effectively against the ESD
occurring in the vicinity of the soldering portion and the
ESD directly affects the head. Thus, it is required to pre-
vent effectively the MR head from suffering electrostatic
breakdown due to ESD, particularly in the assembly
process.
[0010] With increase in recording density, band lim-
itation due to noise that occurs in interconnections
between the head and the read amplifier and a degra-
dation of the write characteristic due to inductance
associated with interconnections between the head and
the write driver circuit have become serious problems. It
is required to solve these problems.
[0011] Accordingly, it is an object of the present
invention to provide a head IC, a head amplifier circuit,
a head suspension assembly, and a magnetic disk drive
which are capable of avoiding electrostatic breakdown
of a magnetic head due to, e.g., the occurrence of elec-
trostatic discharge during the assembly process of
incorporating the head suspension assembly into the
magnetic disk drive.
[0012] It is another object of the present invention to
provide a head IC, a head amplifier circuit, a head sus-
pension assembly, and a magnetic disk drive which are
capable of minimizing the noise leaped in the intercon-
nections between a magnetic head and a read amplifier
circuit.
[0013] It is still another object of the present inven-
tion to provide a head IC, a head amplifier circuit, a
head suspension assembly, and a magnetic disk drive
which are capable of solving the problem of a degrada-
tion of the write characteristic due to inductance associ-
ated with interconnections between a magnetic head
and a write driver amplifier circuit to be solved.
[0014] According to an aspect of the present inven-
tion, there is provided a head suspension assembly
comprising a magnetic head constituted by a magne-
toresistive element for reading data and a head element
for writing data; a slider for holding the magnetic head
above a surface of a rotating magnetic recording
medium; a suspension for supporting the slider; and a
head integrated circuit mounted on the suspension, the
head integrated circuit including a built-in protection cir-
cuit, electrically connected with the magnetoresistive
element, for protecting the magnetoresistive element
from electrostatic breakdown.
[0015] In the head suspension assembly, the head
IC may include at least one of a read amplifier circuit for
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amplifying a read signal read by the magnetoresistive
element from the magnetic recording medium and a
write driver circuit for supplying the writing head ele-
ment with a write current corresponding to a write data
signal.

[0016] According to another aspect of the present
invention, there is provided a head amplifier circuit for
use in a magnetic disk drive including a head suspen-
sion assembly having a magnetic head constituted by a
magnetoresistive element for reading data and a head
element for writing data, a slider for holding the mag-
netic head above a surface of a rotating magnetic
recording medium, and a suspension for supporting the
slider, the head amplifier circuit comprising a head IC
(Integrated Circuit) mounted on the suspension, the
head IC including a built-in protection circuit, electrically
connected with the magnetoresistive element, for pro-
tecting the magnetoresistive element from electrostatic
breakdown; and a control IC for controlling the head IC.
[0017] In the head amplifier circuit, the head IC may
include at least one of a read amplifier circuit for ampli-
fying a read signal read by the magnetoresistive ele-
ment from the magnetic recording medium and a write
driver circuit for supplying the writing head element with
a write current corresponding to a write data signal.
[0018] According to still another aspect of the
present invention, there is provided a head IC (Inte-
grated Circuit) for use in a magnetic disk drive including
a head suspension assembly having a magnetic head
constituted by a magnetoresistive element for reading
data and a head element for writing data, a slider for
holding the magnetic head above a surface of a rotating
magnetic recording medium, and a suspension for sup-
porting the slider, the head IC being mounted on the
suspension, the head IC comprising first and second
MR terminals connected to both ends of the magnetore-
sistive element; a bias current terminal connected to
receive an externally supplied bias current; and a pro-
tection circuit, connected with the first and second MR
terminals and the bias current terminal, for protecting
the magnetoresistive element from electrostatic break-
down.
[0019] The head IC may further comprise a read
amplifier circuit for amplifying a read signal read by the
magnetoresistive element from the magnetic recording
medium. The head IC may further comprise an adjust
circuit, connected between the protection circuit and a
ground or negative power supply terminal, for adjusting
an input impedance of the read amplifier circuit. In this
case, the adjust circuit may include one of a resistor and
a constant current source.
[0020] The head IC may further comprise a write
driver circuit for supplying the writing head element with
a write current corresponding to a write data signal. The
head IC may further comprise a write current circuit for
setting a value of the write current supplied from the
write driver circuit to the writing head element in accord-
ance with an externally supplied voltage signal.

[0021] The head IC may further comprise a read
amplifier circuit, connected with the protection circuit,
for amplifying a read signal read by the magnetoresis-
tive element from the magnetic recording medium; and
a write driver circuit for supplying the writing head ele-
ment with a write current corresponding to a write data
signal.

[0022] In the head IC, the protection circuit may
includes a first switch circuit for connecting/ disconnect-
ing one of the first and second MR terminals to/from the
bias current terminal; and a second switch circuit for
connecting/disconnecting the other of the first and sec-
ond MR terminals to/from a ground or negative power
supply terminal. The protection circuit may include a
voltage limiter circuit, connected between the first and
second MR terminals, for limiting a voltage between the
first and second MR terminals to a constant value or
less. Each of the first and second switch circuits may be
placed in a disconnected state while power is not sup-
plied and in a connected state while power is supplied.
[0023] The head IC may further comprise a bias
current amplifier circuit, connected between the protec-
tion circuit and the bias current terminal, for amplifying a
bias current supplied from the bias current terminal. In
this case, the protection circuit may includes a first
switch circuit for connecting/disconnecting one of the
first and second MR terminals to/from the bias current
amplifier circuit, and a second switch circuit for connect-
ing/disconnecting the other of the first and second MR
terminals to/from a ground or negative power supply ter-
minal. The protection circuit may include a voltage lim-
iter circuit, connected between the first and second MR
terminals, for limiting a voltage between the first and
second MR terminals to a constant value or less.
[0024] According to still another aspect of the
present invention, there is provided a magnetic disk
drive equipped with a head suspension assembly, the
head suspension assembly comprising a magnetic
head constituted by a magnetoresistive element for
reading data and a head element for writing data; a
slider for holding the magnetic head above a surface of
a rotating magnetic recording medium; a suspension for
supporting the slider; and a head integrated circuit
mounted on the suspension and including a built-in pro-
tection circuit, electrically connected with the magne-
toresistive element, for protecting the magnetoresistive
element from electrostatic breakdown.
[0025] The magnetic disk drive may further com-
prise a control integrated circuit for forming a head
amplifier circuit in combination with the head integrated
circuit and controlling the head integrated circuit.
[0026] This summary of the invention does not nec-
essarily describe all necessary features so that the
invention may also be a sub-combination of these
described features.
[0027] The invention can be more fully under stood
from the following detailed description when taken in
conjunction with the accompanying drawings, in which:
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FIG. 1 is a perspective view showing the internal
structure of a magnetic disk drive according to an
embodiment of the present invention;

FIG. 2 is a perspective view of the head suspension
assembly (HSA) show in FIG. 1;
FIG. 3 is a plan view of the suspension in the HSA
on which the MR head and the head IC are
mounted;
FIG. 4 is a perspective view of the board unit and
the main FPC shown in FIG. 1;
FIG. 5 is a block diagram of a first arrangement of
the head IC;
FIG. 6 is a block diagram of a second arrangement
of the head IC;
FIG. 7 is a block diagram of a third arrangement of
the head IC;
FIG. 8 is a block diagram of a fourth arrangement of
the head IC;
FIG. 9 is a block diagram of a fifth arrangement of
the head IC;
FIG. 10 is a block diagram of the MR protection cir-
cuit built into the head IC; and
FIG. 11 is a block diagram of the control IC
mounted on the board unit when the head IC is
arranged as shown in FIG. 5.

[0028] A preferred embodiment of the present
invention will now be described with reference to the
accompanying drawings.
[0029] FIG. 1 is a perspective view of the internal
structure of a magnetic disk drive according to an
embodiment of the present invention.
[0030] The magnetic disk drive shown in FIG. 1 has
a metal housing 10 formed in the shape of an open rec-
tangular box and a top cover (not shown) which is
screwed into the housing 10 to close it.
[0031] In the housing 10 are housed three magnetic
disks 12, a spindle motor 13 for supporting and rotating
these disks, magnetic heads 32 for recording/ reproduc-
ing data onto/from the disks 12, carriage assemblies 14
for supporting the heads 32 so that they can move along
the surfaces of the disks, a voice coil motor (hereinafter
referred to as VCM) 16 for rotating and positioning the
carriage assemblies, and a board unit 17.
[0032] A printed circuit board (not shown) on which
circuits are mounted to control the operation of the spin-
dle motor 13, the VCM 16, and the heads 32 is screwed
into the outer surface of the housing 10 so that it is
opposed to the bottom wall of the housing.
[0033] Each of the disks 12 is, for example, 65 mm
(2.5 inches) in diameter and coated on both sides with a
magnetizable recording layer. The three disks 12 are
secured coaxially to the hub of the spindle motor 13 so
that they are stacked with space between them in the
axial direction of the hub. The disks 12 are rotated at a
constant speed by the spindle motor 13.
[0034] The carriage assemblies 14 are equipped
with a bearing assembly 18 fixed to the bottom of the

housing 10. The bearing assembly 18 has an axis 20
mounted upright to the bottom of the housing 10 and a
hub (not shown) in the form of a cylinder which is sup-
ported rotatably through a pair of bearings by the axis.

[0035] The carriage assemblies 14 are each pro-
vided for a respective one of the sides of the three disks
12 and have six head suspension assemblies (hereinaf-
ter referred to as HSA) 28 attached to the hub of the
bearing assembly 18.
[0036] The HSA 28 is provided, as shown in FIG. 2,
with an arm 26 and a suspension 30 which has its base
end fixed to the tip of the arm 26 by spot welding or
bonding and extends from the arm. The arm 26 is
formed from a stainless material, such as SUS304, into
a planar plate which is small in thickness, of the order of
250 µm and is formed at its base end with a circular hole
31 into which the hub of the bearing assembly 18 is
inserted. The suspension 30 is formed from an elongate
plate spring having a thickness of 60 to 70 µm. The sus-
pension 30 may be formed from the same material as
the arm 26 so that they are integral with each other.
[0037] The HSA 28 further includes a magnetic
head 32 and a head IC 34 which are attached to the end
of the suspension 30. The head 32 is a combined sepa-
rate type of magnetic head which is constituted by a
magneto-resistive element (hereinafter referred to as
MR element) 321 adapted for reproducing (reading) as
shown in FIGS. 5 to 9 and FIG. 11 and a thin-film head
322 adapted for recording (writing) as shown in FIGS. 7,
8 and 11. The head IC 34 is mounted in the form of a
bare chip on the suspension 30.
[0038] FIG. 3 shows the structure in which the MR
head 32 and the head IC 34 are mounted on the sus-
pension 30.
[0039] As shown, the MR head 32 is installed in a
substantially rectangular slider 36 fixed to a gimbal
formed at the tip of the suspension 30. The slider 36 has
the role to hold the head 32 above the surface of the
rotating disk 12 so as to keep a constant distance from
the surface of the rotating disk 12.
[0040] On the other hand, the head IC 34 is
mounted in the position closer to the arm 26 as viewed
from the slider 36. That is, the head IC and the MR head
are mounted on opposite sides of the slider.
[0041] The head 32 and the head IC 34 mounted on
the suspension 30 of the HSA 28 are electrically con-
nected together by a pattern of interconnections formed
on a relay flexible printed circuit board (hereinafter
referred to as relay FPC) 70 as a cabling member. The
relay FPC 70 is attached to the surfaces of the arm 26
and the suspension 30 of the HSA 28 with adhesive so
as to extend from the tip of the suspension 30 to the
base end of the arm 26 as shown in FIG. 2.
[0042] The relay FPC 70 is shaped into an elongate
stripe form as a whole and has a tip portion 70a posi-
tioned at the tip of the suspension 30 and a soldering
portion (connecting portion) 70b derived from the base
end of the arm 26. The tip portion 70a is formed with
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electrode pads (not shown) which are electrically con-
nected with the electrodes of the MR head 32 and the
electrodes of the head IC 34. The soldering portion 70b
has six electrode pads 72.

[0043] That portion of the relay FPC 70 which corre-
sponds to the base end side of the arm 26 is bent sub-
stantially at right angles, forming the bent portion 82.
Thus, the soldering portion 70b of the relay FPC 70
extends at right angles with respect to the surface of the
arm 26 and in parallel with an extending end portion 56a
of the main FPC 56 fixed to the bearing assembly 18.
[0044] Referring back to FIG. 1, the board unit 17
has a rectangular board 52 fixed to the bottom of the
housing 10, which has electronic components including
a control IC 53 and a connector 54 mounted on it.
[0045] The board unit 17 has a main flexible printed
circuit board (hereinafter referred to as main FPC) 56 in
the form of a strip that connects the head ICs 34 of the
HSAs 28 to the board 52 through the relay FPCs 70.
[0046] The main FPC 56 is drawn from the board 52
as shown in FIG. 4. A reinforcing plate 50 is attached to
the rear side of the leading portion 56a of the main FPC
56. A pair of holes 64 is formed in the leading portion
56a. The leading portion 56a is screwed through the
holes 64 into to the bearing assembly 18 of the carriage
assembly 14. The main FPC 56 is formed integral with
the board 52 by the flexible printed circuit board.
[0047] A pattern of interconnections 58 is formed
on the main FPC 56 which extend in parallel with one
another along the axial direction of the main FPC 56.
The leading portion 56a of the main FPC 56 is formed
with six sets of connection pad portions 60 in corre-
spondence with the number of the heads 32. In this
embodiment, each connection pad portion 60 com-
prises six connection pads 62, which are arranged in a
line at regular intervals along the axial direction of the
main FPC 56. The connection pad portions 60 are
arranged in parallel with one another with space
between them in the direction perpendicular to the axial
direction of the main FPC 56.
[0048] The six connection pads 62 in each connec-
tion pad portion 60 are electrically connected with the
board 52 through the pattern of interconnections 58.
[0049] The soldering portion 70b of the relay FPC
70 extending from the suspension 30 of each HSA 30 to
the corresponding arm 26 is electrically and mechani-
cally connected with the leading portion 56a of the main
FPC 56 by soldering each of the six connection pads 72
and a corresponding one of the six connection pads 62
in the corresponding set of connection pads on the main
FPC 56 side.
[0050] Next, the arrangement of the head IC 34
mounted on the suspension 30 of the HSA 28 will be
described with reference to FIGS. 5 through 8. Four
arrangements of the head IC are described herein.

[First Arrangement of Head IC]

[0051] In FIG. 5, there is illustrated, in block dia-
gram form, a first arrangement of the head IC 34.
[0052] The head IC 34 has a first MR terminal 101,
a second MR terminal 102, a first power supply terminal
105, a second power supply terminal 106, a bias current
terminal 107, and a read output terminal 108.
[0053] The head IC 34 has an MR protection circuit
201, a differential input type of read amplifier circuit 202,
and a resistor 203 built in. The MR protection circuit 201
is adapted to protect the MR element 321 in the MR
head 32 from electrostatic breakdown, and the resistor
203 serves as an adjust circuit for balancing (adjusting)
the input impedance of the read amplifier circuit 202.
[0054] It should be noted here that the head IC 34
of FIG. 5 has no write driver circuit built in. The write
driver circuit is formed in the control IC 53 (see FIG. 11)
mounted on the board unit 17 shown in FIGS. 1 and 4.
[0055] To the first and second MR terminals 101
and 102 of the head IC 34 are connected both ends of
the MR element 321 of the MR head 32. To the first and
second power supply terminals 105 and 106, the bias
current terminal 107 and the read output terminal 108 is
connected the control IC 53 on the board unit 17
through the relay FPC 70 and the main FPC 56. Though
not shown in FIG. 5, the two terminals (electrodes) of
the thin-film head 322 for writing are directly connected
to the control IC 53 through the relay FPC 70 and the
main FPC 56 with no head IC involved.
[0056] A total of six head ICs 34 mounted on the
suspensions 30 of the HSAs 28 and the control IC 53
mounted on the board unit 17 form the head amplifier
circuit. That is, this embodiment is characterized in that
the function of the head amplifier circuit is shared
between the suspensions 30 of the HSAs 28 and the
board units 17.
[0057] In the head IC 34 forming a part of the head
amplifier circuit, the first and second MR terminals 101
and 102 are connected through the MR protection cir-
cuit 201 to the read amplifier circuit 202, which has its
output connected to the read output terminal 108.
[0058] As is evident from the above description, this
embodiment is arranged such that the head ICs 34
forming part of the head amplifier circuit are mounted on
the suspensions 30 of the HSAs 28 not on the board
unit 17 and the MR protection circuit 201 is built into
each head IC 34. For this reason, even if ESD (electro-
static discharge) occurs in the vicinity of the soldering
portion 70b through the worker when he or she is sol-
dering the electrode pads 72 in the soldering portion of
the relay FPC 70 and the electrode pads 62 of the main
FPC 56, the MR protection circuit 201 in the head IC 34
installed between the soldering portion and the MR ele-
ment 321 of the MR head 32 effectively functions to pro-
tect the MR element 321 from electrostatic breakdown.
[0059] If the MR protection circuit were built into the
head amplifier circuit provided on the board unit 17 side
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as hitherto, the occurrence of ESD during soldering
would cause discharge current due to ESD to flow in the
MR element independently of the MR protection circuit,
destroying the MR element.

[0060] In this embodiment, the function of the head
amplifier circuit is shared between the suspensions 30
of the HSAs 28 and the board unit 17, which, as will be
described hereinafter, helps reduce the number of inter-
connections for connecting the head ICs 34 which cor-
respond in number to the MR heads 32 (six in this
example) with the control IC 53.
[0061] In the head IC 34 of FIG. 5, a supply voltage
is supplied from the control IC 53 over the main FPC 56
and the relay FPC 70 to the first and second power sup-
ply terminals 105 and 106, where a positive power is
supplied to the first power supply terminal 105 and a
negative power (or ground level) is supplied to the sec-
ond power supply terminal 106.
[0062] The bias current terminal 107 of the head IC
34 is supplied with a bias current from the control IC 53
through the main FPC 56 and the relay FPC 70. This
bias current is supplied to the MR element 321 through
the MR protection circuit 201 and the first MR terminal
101 and then returns to a second power supply V2 at
the negative or ground level through the second MR ter-
minal 102, the MR protection circuit 201, and the resis-
tor 203.
[0063] When a bias current is supplied from the
head IC 34 to the MR element 321, data recorded on a
track of the disk 12 (see FIG. 1) over which the MR ele-
ment 321 of the MR head 32 is currently positioned is
read (reproduced). The signal (read signal) read by the
MR element 321 is conducted through the first and sec-
ond MR terminals 101 and 102 and the MR protection
circuit 201 to the read amplifier circuit 202. The signal
amplified by the read amplifier circuit 202 is output to
the read output terminal 108. The appropriate setting of
the value of the resistor 203 allows the differential input
impedance of the read amplifier circuit 202 to be bal-
anced, allowing the read signal to be amplified with pre-
cision.
[0064] The read signal output from the read ampli-
fier circuit 202 to the read output terminal 108 is sent to
the control IC 53 through the relay FPC 70 and the main
FPC 56.
[0065] At the time of writing, on the other hand, a
write current from the write driver circuit 205 (see FIG.
11) in the control IC 53 is directly supplied to the thin-
film head 322 via the main FPC 56 and the relay FPC 70
without passing through the head IC 34.
[0066] By using the head IC arranged described
above, this embodiment, it becomes possible to not only
efficiently prevent the MR head 32 by the MR protection
circuit 201 from suffering electrostatic breakdown dur-
ing the assembly process of incorporating the HSA 28
into the disk drive unit as described previously, but also
allow the number of interconnections formed on the
relay FPC 70 attached to the arm 26 and the suspen-

sion 30 of the HSA 28, i.e., the number of electrode
pads 72 of the soldering portion 70b, to be six in total;
four for the first power supply V1, the second power sup-
ply V2, the bias current, and the read signal (read output
signal), and two for connection to the thin-film head 25.
That is, this embodiment requires addition of only two
interconnections in comparison with the case where no
head IC 34 is mounted on the HAS 28. Thus, an
increase in soldering cost resulting from mounting the
head IC 34 on the HSA 28 can be minimized. In addi-
tion, the formation of the electrode pads 72 on the relay
FPC 70 is kept from becoming difficult.

[0067] Furthermore, the incorporation of the read
amplifier circuit 202 into the head IC 34 not into the con-
trol IC 53 on the board unit 17 side, i.e., the placement
of the read amplifier circuit in the vicinity of the MR head
32 allows noise occurring in the interconnections
between the MR head 32 and the read amplifier circuit
202 to be decreased significantly, implementing high-
density recording based on the MR head 32.

[Second Arrangement of Head IC]

[0068] A second arrangement of the head IC 28
mounted on the suspension of the HSA 28 will be
described with reference to FIG. 6, in which like refer-
ence numerals are used to denote corresponding com-
ponents to those in FIG. 5.
[0069] The head IC 34 of FIG. 6 is characterized in
that, as the adjust circuit for balancing the input imped-
ance of the read amplifier circuit 202, a constant current
circuit 204 is used instead of the resistor 203 used in the
arrangement of FIG. 5.
[0070] In the arrangement of FIG. 6, the MR ele-
ment 321 has its ends connected through the first and
second MR terminals 101 and 102 and the MR protec-
tion circuit 201 to the read amplifier circuit 202. The read
amplifier circuit 202 amplifies a read signal from the MR
element 321 and provides the amplified read signal to
the output terminal 108. The bias current terminal 107 is
supplied with a bias current from the control IC 53 over
the main FPC 56 and the relay FPC 70. This bias cur-
rent is supplied to the MR element 321 through the MR
protection circuit 201 and the first MR terminal 101 and
then returns to the second power supply V2 through the
second MR terminal 102, the MR protection circuit 201,
and the constant current source 204. The supply volt-
age is supplied from the control IC 53 through the main
FPC 56, the relay FPC 70, and the first and second
power supply terminals 105 and 106.
[0071] In this arrangement, as in the first arrange-
ment, the MR head 32 is efficiently prevented by the MR
protection circuit 201 from suffering electrostatic break-
down during the assembly process of incorporating the
HSA 28 into the disk drive unit, and the number of elec-
trode pads 72 of the soldering portion 70b of the relay
FPC 70 is allowed to be six in total; four for the first
power supply V1, the second power supply V2, the bias
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current, and the read output signal, and two for connec-
tion to the thin-film head 25. Moreover, noise occurring
in the interconnections between the MR head 32 and
the read amplifier circuit 202 can be reduced signifi-
cantly. Furthermore, using the constant current circuit
204 instead of the resistor 203 allows the input imped-
ance of the read amplifier circuit 202 to be balanced bet-
ter than in the case where the resistor 203 is used.

[Third Arrangement of Head IC]

[0072] A third arrangement of the head IC 34
mounted on the suspension of the HSA 28 will be
described with reference to FIG. 7, in which like refer-
ence numerals are used to denote corresponding com-
ponents to those in FIG. 6.
[0073] Unlike the head IC of FIG. 6, in the head IC
34 of FIG. 7, the read amplifier circuit 202 is not built in,
but a write driver circuit 205 and a write current circuit
206 are built in instead. In this case, unlike the previous
example, the control IC 53 has the read amplifier circuit
202 built in but has no write driver circuit 205 and write
current circuit 206 built in.
[0074] The head IC 34 of FIG. 7 has a first MR ter-
minal 101, a second MR terminal 102, a first power sup-
ply terminal 105, a second power supply terminal 106, a
bias current terminal 107, a read output terminal 108, a
write current setting terminal 109, and a write data ter-
minal 110.
[0075] The head IC 34 has an MR protection circuit
201 for protecting the MR element 321 from electro-
static breakdown, a constant current circuit 204, a write
driver circuit 205, and a write current circuit 206 built in.
[0076] Both ends of the MR element 321 of the MR
head 32 are connected to the first and second MR ter-
minals 101 and 102 of the head IC 34. Likewise, both
ends of a thin-film head 322 of the MR head 32 are con-
nected to first and second thin-film terminals 103 and
104. To the first and second power supply terminals 105
and 106, the bias current terminal 107, the read output
terminal 108, the write current setting terminal 109 and
the write data terminal 110 is connected the control IC
53 on the board unit 17 through the relay FPC 70 and
the main FPC 56.
[0077] In the head IC 34 of FIG. 7, a supply voltage
is supplied from the control IC 53 through the main FPC
56 and the relay FPC 70 to the first and second power
supply terminals 105 and 106, where a positive power is
supplied to the first power supply terminal 105 and a
negative power (or ground level) is supplied to the sec-
ond power supply terminal 106.
[0078] Moreover, in the head IC 34 of FIG. 7, the
bias current terminal 107 of the head IC 34 is supplied
with a bias current from the control IC 53 over the main
FPC 56 and the relay FPC 70. This bias current is sup-
plied to the MR element 321 through the MR protection
circuit 201 and the first MR terminal 101 and then
returns to a second power supply V2 through the sec-

ond MR terminal 102, the MR protection circuit 201, and
the constant current circuit 204. The constant current
circuit 204 may be replaced with the resistor 203 shown
in FIG. 5.

[0079] A read signal from the MR element 321 is
conducted through the first and second MR terminals
101 and 102 and the MR protection circuit 201 to the
bias current terminal 107 and the read output terminal
108. The read signal conducted through the first and
second MR terminals 101 and 102 is then sent to the
read amplifier circuit in the control IC 53 over the relay
FPC 70 and the main FPC 56.
[0080] At the time of writing of data, on the other
hand, write current is supplied to the thin-film head 322
from the write driver circuit 205 that reverses the direc-
tion of current flow at the edges of a write data signal
from the write data terminal 110, so that data is written
(recorded) onto a track of the disk 12 (see FIG. 1) over
which the thin-film head 322 of the MR head 32 is posi-
tioned. The value of a current supplied from the write
driver circuit 205 to the thin-film head 322 is determined
by the write current circuit 206 in accordance with a volt-
age signal supplied from the control IC 53 over the main
FPC and the relay FPC to the write current setting ter-
minal 109.
[0081] By using the head IC 34 arranged described
above, this embodiment, it becomes possible to not only
efficiently prevent the MR head 32 by the MR protection
circuit 201 from suffering electrostatic breakdown dur-
ing the assembly process of incorporating the HSA 28
into the disk drive unit, but also allow the number of
interconnections formed on the relay FPC 70 attached
to the arm 26 and the suspension 30 of the HSA 28, i.e.,
the number of electrode pads 72 of the soldering portion
70b, to be six in total; for the first power supply V1, the
second power supply V2, the bias current, the read sig-
nal (read output signal), the write data, and the write
current setting signal. That is, this embodiment requires
addition of only two interconnections in comparison with
the case where no head IC is mounted on the HAS 28.
Thus, an increase in soldering cost resulting from
mounting the head IC 34 on the side of the HSA 28 can
be minimized. In addition, the formation of the electrode
pads 72 on the relay FPC 70 is kept from becoming dif-
ficult.
[0082] Furthermore, the incorporation of the write
driver circuit 205 into the head IC 34 not into the control
IC 53 of the board unit 17 reduces the distance between
the write driver circuit 205 and the MR head 32, allowing
inductance of the interconnections on the relay FPC 70
between the MR head 32 and the write driver circuit 205
to be reduced and thus allowing the write current to the
head to rise and fall quickly. High-density recording can
therefore be accomplished.

[Fourth Arrangement of Head IC]

[0083] A fourth arrangement of the head IC 34
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mounted on the suspension of the HSA 28 will be
described with reference to FIG. 8, in which like refer-
ence numerals are used to denote corresponding com-
ponents to those in FIG. 6.

[0084] The head IC 34 of FIG. 8 is characterized by
addition of the write driver circuit 205, the write current
circuit 206, the write current setting terminal 109, and
the write data terminal 110 shown in FIG. 7 to the
arrangement of FIG. 6.
[0085] The bias current terminal 107 of the head IC
34 is supplied with a bias current from the control IC 53
over the main FPC 56 and the relay FPC 70. This bias
current is supplied to the MR element 321 through the
MR protection circuit 201 and the first MR terminal 101
and then returns to the second power supply V2 through
the second MR terminal 102, the MR protection circuit
201, and the constant current circuit 204. The constant
current circuit 204 may be replaced with the resistor 203
shown in FIG. 5.
[0086] A read signal from the MR element 321 is
conducted through the MR protection circuit 201 to the
read amplifier circuit 202 and then output to the read
output terminal 108. The read signal amplified by the
read amplifier circuit 202 is then sent to the control IC 53
over the relay FPC 70 and the main FPC 56.
[0087] At the time of writing of data, on the other
hand, write current is supplied to the thin-film head 322
from the write driver circuit 205 that reverses the direc-
tion of current flow at the edges of a write data signal
from the write data terminal 110, so that data is written
(recorded) onto a track of the disk 12 (see FIG. 1) over
which the thin-film head is positioned. The value of a
current supplied from the write driver circuit 205 to the
thin-film head 322 is determined by the write current cir-
cuit 206 in accordance with a voltage signal supplied
from the control IC 53 over the main FPC 56 and the
relay FPC 70 to the write current setting terminal 109.
[0088] Therefore, like the third arrangement, the
head IC 34 of FIG. 8 allows the MR protection circuit
201 to efficiently prevent the MR head 32 by the MR
protection circuit 201 from suffering electrostatic break-
down during the assembly process of HSA 28 and
allows the number of electrode pads 72 of the soldering
portion 70b of the relay FPC 70 attached to the arm 26
and the suspension 30 of the HSA 28 to be six in total;
for the first power supply V1, the second power supply
V2, the bias current, the read signal (read output sig-
nal), the write data, and the write current setting signal.
[0089] Furthermore, the incorporation of the read
amplifier circuit 202 and the write driver circuit 205 into
the head IC 34 not into the control IC 53 reduces the
distance between the write driver circuit 205/read ampli-
fier circuit 202 and the MR head 32, allowing noise
occurring in interconnections on the relay FPC 70
between the MR head and the read amplifier circuit to
be reduced and allowing inductance of the interconnec-
tions on the relay FPC 70 between the thin-film head
322 of the MR head 32 and the write driver circuit 205 to

be reduced to thereby cause the write current to the
head to rise and fall quickly. High-density recording can
therefore be accomplished.

[Fifth Arrangement of Head IC]

[0090] A fifth arrangement of the head IC 34
mounted on the suspension of the HAS 28 will be
described with reference to FIG. 9, in which like refer-
ence numerals are used to denote corresponding com-
ponents to those in FIG. 6.
[0091] The head IC 34 of FIG. 9 is characterized by
replacing the bias current terminal 107 of FIG. 6 with a
bias current setting terminal 111 for receiving an exter-
nally supplied bias current setting signal for setting the
bias current value and adding a bias current amplifier
circuit 207 for producing a bias current having a value
determined by the bias current setting signal.
[0092] In the head IC 34 of FIG. 9, the bias current
setting terminal 111 is supplied with the bias current
setting signal from the control IC 53 over the main FPC
56 and the relay FPC 70. The bias current amplifier 207
produces a bias current the value of which depends on
the bias current setting signal. This bias current is sup-
plied to the MR element 321 through the MR protection
circuit 201 and the first MR terminal 101 and then
returns to the second power supply V2 through the sec-
ond MR terminal 102, the MR protection circuit 201, and
the constant current circuit 204. The constant current
circuit 204 may be replaced with the resistor 203 shown
in FIG. 5.
[0093] A read signal from the MR element 321 is
conducted through the MR protection circuit 201 to the
read amplifier circuit 202 and then output to the read
output terminal 108. The read signal amplified by the
read amplifier circuit 202 is then sent to the control IC 53
through the relay FPC 70 and the main FPC 56.
[0094] The write driver circuit 205, the write current
circuit 206, the write current setting terminal 109 and
the write data terminal 110 shown in FIGS. 7 and 8 may
be added to the arrangement of FIG. 9.
[0095] With this arrangement, as in the first
arrangement, the MR head 32 is efficiently prevented by
the MR protection circuit 201 from suffering electrostatic
breakdown during the assembly process of incorporat-
ing the HSA 28 into the disk drive unit, and the number
of electrode pads 72 of the soldering portion 70b of the
relay FPC 70 is allowed to be six in total; four for the first
power supply V1, the second power supply V2, the bias
current, and the read output signal, and two for connec-
tion to the thin-film head 25. Moreover, noise occurring
in the interconnections between the MR head 32 and
the read amplifier circuit 202 can be suppressed signifi-
cantly.
[0096] Unlike the first arrangement, in the fifth
arrangement, the bias current setting terminal 111 is
provided instead of the bias current terminal 107 and
the bias current amplifier circuit 207 is provided to
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thereby allow the bias current amplifier circuit 207 to
produce a bias current in accordance with a bias current
setting signal externally supplied to the bias current set-
ting terminal 111, thus making the bias current less sus-
ceptible to noise.

[Arrangement of MR Protection Circuit 201]

[0097] Hereinafter, an arrangement of the MR pro-
tection circuit 201 built into the head IC 34 which is
mounted on the suspension 30 and arranged as shown
in FIG. 5, 6, 7, 8, or 9 will be described with reference to
FIG. 10.
[0098] The MR protection circuit 201 includes first
and second switches 301 and 302 each of which is
turned OFF while the power is not supplied and ON
while the power is supplied, a power monitor circuit 303,
and a voltage limiter circuit 304. One pole 301a of the
first switch 301 is connected
[0099] with the bias current terminal 107 of the
head IC 34 (with the output of the bias current amplifier
circuit 207 when the head IC 34 is arranged as shown in
FIG. 9). The other pole 301b of the first switch 301 is
connected to the first MR terminal 101 of the head IC 34
and to one input of the read amplifier circuit 202 built
into the head IC 34 (when it is arranged as shown in
FIG. 5, 6, 8, or 9) or one input of the read amplifier cir-
cuit 202 built into the control IC 53 (when the head IC 34
is arranged as shown in FIG. 7).
[0100] Thus, the first switch 301, when turned ON,
supplies a bias current from the bias current terminal
107 (from the bias current amplifier circuit 207 when the
head IC 34 is arranged as shown in FIG. 9) to the MR
element 321 shown in FIGS. 5 to 9 through the first MR
terminal 101.
[0101] On the other hand, one pole 302a of the sec-
ond switch 302 is connected either to the resistor 203
(when the head IC 34 is arranged as shown in FIG. 5) or
to the constant current circuit 204 (when the head IC 34
is arranged as shown in FIGS. 6 to 9). The other pole
302b of the second switch 302 is connected to the read
amplifier circuit 202 built in the head IC 34 (when the
head IC 34 is arranged as shown in FIG. 5, 6, 8, or 9) or
to the read amplifier circuit 202 built in the control IC 53
(when the head IC 34 is arranged as shown in FIG. 7),
and to the second MR terminal 102 of the head IC 34.
[0102] Thus, the second switch 302 allows the bias
current supplied to the MR element 321 through the first
MR terminal 101 to flow through the MR element 321
and then return to the second power supply terminal
106 at V2 through the second MR terminal 102 and the
resistor 203 or the constant current source 204.
[0103] The first and second switches 301 and 302
are subjected to ON/OFF control by the power monitor
circuit 303. That is, the power monitor circuit 303 moni-
tors the power supplies V1 and V2 and, when V1 and
V2 reach predetermined levels or in predetermined
ranges, turns ON the first and second switches 301 and

302. In other words, when the power is OFF, the first
and second switches 301, 302 are turned OFF. In the
assembly process of HSA 28 during which the power is
OFF, therefore, the MR protection circuit 201 in the head
IC 34 provides isolation between the MR head 32 and
the soldering portion 70b of the relay FPC 70 of the
HSA 28, so that, even if ESD occurs in the vicinity of the
soldering portion 70b through the worker, the MR ele-
ment 321 can be protected from electrostatic break-
down. If the MR protection circuit 201 were provided on
the side of the board unit 17, then such an effect would
not be provided.

[0104] In the MR protection circuit 201, a voltage
limiter circuit 304 is connected between the pole 301b of
the first switch 301 and the pole 302b of the second
switch 302, which has a pair of diodes 305 and 306 con-
nected in parallel with opposite polarity. For this reason,
even if ESD occurs for some cause while the power is
supplied and hence the first and second switches 301,
302 are placed in the ON state, the voltage between the
first and second MR terminals 101 and 102 will not
exceed a constant voltage determined by the backward
characteristic of the diodes 304 and 305, thus protecting
the MR element 321 connected between the first and
second MR terminals 101 and 102 from electrostatic
breakdown.

[Arrangement of Control IC 53]

[0105] Next, an arrangement of the control IC 53
mounted on the board unit 17 will be described with ref-
erence to FIG. 11 taking, as an example, the case
where the MR protection circuit 210 and the read ampli-
fier circuit 202 are built into the head IC 34 as shown in
FIG. 5 and the write driver circuit 205 is built into the
control IC 53.
[0106] Into the control IC 53 are built a head switch-
ing circuit 410, a bias current circuit 420, a buffer ampli-
fier circuit 430, a write current circuit 206, a serial/logic
control circuit 440, a power ON/OFF circuit 450, and a
fault/safe circuit 460.
[0107] The head switching circuit 410 in the control
IC 53 includes write driver circuits 205 and operational
circuits 411, which correspond in number to the MR
heads 32. At the time of reading, the head switching cir-
cuit 410 supplies the bias current terminal 107 (see FIG.
5) of the head IC 34 corresponding to the MR element
321 of a selected MR head 32 with a bias current the
value of which is set by the bias current circuit 420 as a
constant current circuit.
[0108] The bias current supplied from the head
switching circuit 410 to the head IC 34 is supplied to the
corresponding MR element 321 through the MR protec-
tion circuit 201 in the head IC 34 (see FIG. 5). Thereby,
data is read by the MR element 321 and the resulting
read signal is amplified by the read amplifier circuit 202
(see FIG. 5) in the head IC 34.
[0109] The read signal read from the MR element
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321 and amplified by the read amplifier circuit 202 in the
head IC 34 is output from the read output terminal 108
(see FIG. 5) of the head IC 34 and then input to the cor-
responding operational amplifier circuit 411 in the con-
trol IC 53. The operational amplifier circuit 411 amplifies
AC components contained in the read signal amplified
by the read amplifier circuit 202 in the head IC 34. The
read signal amplified by the operational amplifier circuit
411 is sent through the buffer amplifier circuit 430 to a
read/write IC (read/write channel) not shown as read
data signals RDX and RDY, where they are decoded
into NRZ code data by way of example.

[0110] At the time of writing, the head switching cir-
cuit 410 switches the direction of current set by the write
current circuit 206 at the edges of write data signals
WDX and WDY from the read/write IC by the write driver
circuit 205 corresponding to the thin-film head 322 of a
selected MR head 32 and then supplies the write cur-
rent to the corresponding thin-film head 322.
[0111] The serial/logic control circuit 440 is con-
nected to a serial port 441 for serial data SDATA, a
serial data enable signal SDEN representing the timing
of serial transfer, and a shift clock SCLK and a signal
R/XW for specifying either of disk read and disk write
modes. The serial/logic control circuit 440 is responsive
to control signals supplied thereto under the control of a
CPU (not shown) and the signal R/XW to perform the
selection of a head, the setting and ON/OFF control of
the bias current, the setting and ON/OFF control of the
write current, the control of the power ON/OFF circuit
450, and the control of the fault/safe circuit 460.
[0112] The write current circuit 206 is responsive to
a control signal from the serial/logic control circuit 440
to set the write current, which, in turn, is supplied to the
write driver circuit 205 corresponding to a selected MR
head 32.
[0113] The bias current circuit 420 is responsive to
a control signal from the serial/logic circuit 440 to set the
bias current. The set bias current is supplied from the
head switching circuit 410 to the head IC 34 corre-
sponding to a selected MR head 32.
[0114] The fault/safe circuit 460 is adapted to test
each MR head. The circuit 460 is responsive to a control
signal from the serial/logic control circuit 440 to switch
between read and write modes and make a selection
from the MR heads 32 and outputs a fault signal repre-
senting an abnormality of a selected MR head 32 when
signals from the corresponding head IC 32 are abnor-
mal.
[0115] Although a description was made of the con-
trol IC 53 when the head IC 34 is arranged as shown in
FIG. 5, the control IC 53 can be configured likewise
even when the head IC 34 is arranged as shown in any
one of FIGS. 6 to 9. When the head IC 34 is arranged as
shown in FIG. 7, the control IC 53 is arranged such that
the read amplifier circuit 202 is connected to the input of
each of the operational amplifier circuits 411 in the head
switching circuit 410 and the write driver circuits 205

and the write current circuit 206 are removed. When the
head IC 34 is arranged as shown in FIG. 8, it is only
required to remove the write driver circuits 205 and the
write current circuit 206 from the control IC 53. When
the head IC 34 is arranged as shown in FIG. 9, that is,
when the head IC 34 is equipped with the bias current
amplifier circuit 207, it is only required to remove the
bias current circuit 420 from the control IC 53.

[0116] Although, in the embodiments described so
far, the relay FPC 70 as a flexible interconnection board
is used for electrical connections between the MR head
32 and the head IC 34 and between the head IC 34 and
the control IC 53 through the main FPC 56, conductor
cables may be used instead.
[0117] According to the present invention, as
described above, an integrated circuit device (head IC)
having a built-in MR protection circuit for protecting an
MR head composed of an MR element for reading and
a thin-film head for writing from electrostatic breakdown,
is mounted on a suspension that supports the MR head,
so that the built-in MR protection circuit effectively func-
tions to avoid electrostatic breakdown even if ESD
occurs during the assembly process of incorporating
the HSA into the disk drive unit.
[0118] According to the present invention, the incor-
poration of a read amplifier circuit into the head IC
mounted on the HSA suspension reduces the distance
between the MR head and the read amplifier circuit,
thus suppressing noise occurring in interconnections
between the magnetic head and the read amplifier cir-
cuit and allowing the MR head to display its perform-
ance fully for high-density recording.
[0119] According to the present invention, the incor-
poration of a write driver circuit into the head IC
mounded on the HSA suspension reduces the distance
between the MR head and the write driver circuit, thus
reducing inductance associated with interconnections
between the magnetic head and the write driver circuit
and allowing the write characteristics to be improved.
[0120] According to the present invention, even
when a head IC is mounted on the HSA suspension and
an MR protection circuit and at least one of a read
amplifier circuit and a write driver circuit are incorpo-
rated into the head IC, the number of interconnections
extending from the HSA is allowed to be six in total, thus
checking an increase in the soldering cost.

Claims

1. A head suspension assembly (28) characterized by
comprising:

a magnetic head (32) constituted by a magne-
toresistive element (321) for reading data and a
head element (322) for writing data;
a slider (36) for holding the magnetic head (32)
above a surface of a rotating magnetic record-
ing medium (12);
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a suspension (30) for supporting the slider (36);
and

a head integrated circuit (34) mounted on the
suspension (30), the head integrated circuit
(34) including a built-in protection circuit (201),
electrically connected with the magnetoresis-
tive element (321), for protecting the magne-
toresistive element (321) from electrostatic
breakdown.

2. The head suspension assembly (28) according to
claim 1, characterized in that the head IC (34)
includes at least one of a read amplifier circuit (202)
for amplifying a read signal read by the magneto-
resistive element (321) from the magnetic recording
medium (12) and a write driver circuit (205) for sup-
plying the writing head element (322) with a write
current corresponding to a write data signal.

3. A head amplifier circuit for use in a magnetic disk
drive including a head suspension assembly (28)
having a magnetic head (32) constituted by a mag-
neto-resistive element (321) for reading data and a
head element (322) for writing data, a slider (36) for
holding the magnetic head (32) above a surface of
a rotating magnetic recording medium (12), and a
suspension (30) for supporting the slider (36), the

head amplifier circuit characterized by compris-
ing: a head IC (Integrated Circuit) (34) mounted
on the suspension (30), the head IC (34)
including a built-in protection circuit (201), elec-
trically connected with the magnetoresistive
element (321), for protecting the magnetoresis-
tive element (321) from electrostatic break-
down; and
a control IC (53) for controlling the head IC
(34).

4. The head amplifier circuit according to claim 3,
characterized in that the head IC (34) includes at
least one of a read amplifier circuit (202) for ampli-
fying a read signal read by the magneto-resistive
element (321) from the magnetic recording medium
(12) and a write driver circuit (205) for supplying the
writing head element (322) with a write current cor-
responding to a write data signal.

5. A head IC (Integrated Circuit) (34) for use in a mag-
netic disk drive including a head suspension (30)
assembly (28) having a magnetic head (32) consti-
tuted by a magnetoresistive element (321) for read-
ing data and a head element (322) for writing data,
a slider (36) for holding the magnetic head (32)
above a surface of a rotating magnetic recording
medium (12), and a suspension (30) for supporting
the slider (36), the head IC (34) being mounted on
the suspension (30), the head IC (34) characterized

by comprising:

first and second MR terminals (101, 102) con-
nected to both ends of the magnetoresistive
element (321);
a bias current terminal (107) connected to
receive an externally supplied bias current; and
a protection circuit (201), connected with the
first and second MR terminals (101, 102) and
the bias current terminal (107), for protecting
the magneto-resistive element (321) from elec-
trostatic breakdown.

6. The head IC (34) according to claim 5, character-
ized by further comprising:

a read amplifier circuit (202) for amplifying a
read signal read by the magnetoresistive ele-
ment (321) from the magnetic recording
medium (12).

7. The head IC (34) according to claim 6, character-
ized by further comprising:

an adjust circuit (203 or 204), connected
between the protection circuit (201) and a
ground or negative power supply terminal (V2),
for adjusting an input impedance of the read
amplifier circuit (202).

8. The head IC (34) according to claim 7, character-
ized in that the adjust circuit (203 or 204) includes
one of a resistor (203) and a constant current
source (204).

9. The head IC (34) according to claim 5, character-
ized by further comprising:

a write driver circuit (205) for supplying the writ-
ing head element (322) with a write current cor-
responding to a write data signal.

10. The head IC (34) according to claim 9, character-
ized by further comprising:

a write current circuit (206) for setting a value of
the write current supplied from the write driver
circuit (205) to the writing head element (322)
in accordance with an externally supplied volt-
age signal.

11. The head IC (34) according to claim 5, character-
ized by further comprising:

a read amplifier circuit (202), connected with
the protection circuit (201), for amplifying a
read signal read by the magnetoresistive ele-
ment (321) from the magnetic recording
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medium (12); and

a write driver circuit (205) for supplying the writ-
ing head element (322) with a write current cor-
responding to a write data signal.

12. The head IC (34) according to claim 5, character-
ized in that the protection circuit (201) includes:

a first switch circuit (301) for connecting/ dis-
connecting one of the first and second MR ter-
minals (101, 102) to/from the bias current
terminal (107); and
a second switch circuit (302) for connecting/
disconnecting the other of the first and second
MR terminals (101, 102) to/from a ground or
negative power supply terminal (V2).

13. The head IC (34) according to claim 12, character-
ized in that the protection circuit (201) includes a
voltage limiter circuit (306), connected between the
first and second MR terminals (101, 102), for limit-
ing a voltage between the first and second MR ter-
minals (101, 102) to a constant value or less.

14. The head IC (34) according to claim 12, character-
ized in that each of the first and second switch cir-
cuits (301, 302) is placed in a disconnected state
while power is not supplied and in a connected
state while power is supplied.

15. The head IC (34) according to claim 5, character-
ized by further comprising:

a bias current amplifier circuit (207), connected
between the protection circuit (201) and the
bias current terminal (107), for amplifying a
bias current supplied from the bias current ter-
minal (107).

16. The head IC (34) according to claim 15, character-
ized in that the protection circuit (201) includes:

a first switch circuit (301) for connecting/ dis-
connecting one of the first and second MR ter-
minals (101, 102) to/from the bias current
amplifier circuit (207), and
a second switch circuit (302) for connecting/
disconnecting the other of the first and second
MR terminals (101, 102) to/from a ground or
negative power supply terminal (V2).

17. The head IC (34) according to claim 16, character-
ized in that the protection circuit (201) includes a
voltage limiter circuit (306), connected between the
first and second MR terminals (101, 102), for limit-
ing a voltage between the first and second MR ter-
minals (101, 102) to a constant value or less.

18. A magnetic disk drive equipped with a head sus-
pension assembly (28), the head suspension
assembly (28) characterized by comprising:

a magnetic head (32) constituted by a magne-
toresistive element (321) for reading data and a
head element (322) for writing data;
a slider (36) for holding the magnetic head (32)
above a surface of a rotating magnetic record-
ing medium (12);
a suspension (30) for supporting the slider (36);
and
a head integrated circuit (34) mounted on the
suspension (30) and including a built-in protec-
tion circuit (201), electrically connected with
the magnetoresistive element (321), for pro-
tecting the magnetoresistive element (321)
from electrostatic breakdown.

19. The magnetic disk drive according to claim 18,
characterized by further comprising:

a control integrated circuit (53) for forming a
head amplifier circuit in combination with the
head integrated circuit (34) and controlling the
head integrated circuit (34).
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