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(57) ABSTRACT

A method, apparatus, and system are provided for imple-
menting dual partially independent flyheight control (TFC)
for hard disk drives (HDDs). A dual thermal flyheight
control (TFC) includes a series connected first heater resistor
and a second heater resistor connected between a pair of
wires. A capacitor is connected in parallel with the first
heater resistor providing a frequency dependent shunt to the
parallel connected first heater resistor. TFC electrical bias
signals are applied to the first heater resistor and second
heater resistor carried by the pair of wires. For example, the
TFC electrical bias signals include high frequency electrical
signals including a frequency range between 1 MHz and 100
MHz having a set amplitude in a voltage range between 0
and 7 Volts, and/or DC current signal.
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IMPLEMENTING DUAL PARTIALLY
INDEPENDENT THERMAL FLYHEIGHT
CONTROL (TFC) FOR HARD DISK DRIVES

FIELD OF THE INVENTION

The present invention relates generally to the data storage
field, and more particularly, relates to a method, apparatus,
and system for implementing dual partially independent
flyheight control (TFC) for hard disk drives (HDDs).

DESCRIPTION OF THE RELATED ART

Many data processing applications require long-term data
storage and typically a high-degree of data integrity. Typi-
cally these needs are met by non-volatile data storage
devices. Non-volatile storage or persistent media can be
provided by a variety of devices, most commonly, by direct
access storage devices (DASDs), which also are referred to
as hard disk drives (HDDs).

Dual thermal flyheight control (TFC) with one heater near
the write head and another heater near the read head that are
actuated independently could offer advantages where the
dual TFC heaters enable adjustments for topography and
tuning slider disk spacing, and have flexibility in adjusting
a power gamma value.

A problem with providing such dual TFC heaters is that
a straight forward implementation would require an addition
connection pad to the head and interconnect. It is desirable
to provide a dual TFC heater arrangement that does not
require an increase in the number of needed connections.

SUMMARY OF THE INVENTION

Aspects of the preferred embodiments are to provide a
method, apparatus, and system for implementing dual par-
tially independent flyheight control (TFC) for hard disk
drives (HDDs). Other important aspects of the preferred
embodiments are to provide such method, apparatus, and
system substantially without negative effect and to over-
come some of the disadvantages of prior art arrangements.

In brief, a method, apparatus, and system are provided for
implementing dual partially independent flyheight control
(TFC) for hard disk drives (HDDs). A dual thermal flyheight
control (TFC) includes a series connected first heater resistor
and a second heater resistor connected between a pair of
wires carrying TFC signals. A capacitor is connected in
parallel with the first heater resistor providing a frequency
dependent shunt to the parallel connected first heater resis-
tor. TFC electrical drive signals are applied to the first heater
resistor and second heater resistor carried by the pair of
wires.

For example, variable AC high frequency signals or fixed
AC high frequency signals are applied with a variable
amplitude of high frequency electrical signals. For example,
a frequency change can be used for fine adjustment and AC
amplitude change for coarse adjustment.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above and other
objects and advantages may best be understood from the
following detailed description of the preferred embodiments
of the invention illustrated in the drawings, wherein:

FIG. 1 is a block diagram representation illustrating a
system for implementing dual partially independent fly-
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2
height control (TFC) for hard disk drives (HDDs) in accor-
dance with preferred embodiments;

FIG. 2 schematically illustrates example apparatus for
implementing dual partially independent flyheight control
(TFC) for hard disk drives (HDDs) in accordance with
preferred embodiments;

FIG. 3 schematically illustrates example apparatus for
implementing dual partially independent flyheight control
(TFC) for hard disk drives (HDDs) in accordance with
preferred embodiments;

FIGS. 4 and 5 are example graphs illustrating dual par-
tially independent flyheight control (TFC) power results as
a function of frequency as applied in a hard disk drive
(HDD) in accordance with preferred embodiments;

FIG. 6 are example chart with crosstalk in dB shown with
respect to the vertical axis with TFC AC signal frequency in
GHz shown with respect to the horizontal axis illustrating
simulation of high-bandwidth TFC AC crosstalk to the Read
in the suspension transmission path resulting in less than 50
dB in accordance with preferred embodiments;

FIG. 7 is a block diagram illustrating a computer program
product in accordance with preferred embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following detailed description of embodiments of
the invention, reference is made to the accompanying draw-
ings, which illustrate example embodiments by which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

In accordance with features of the preferred embodi-
ments, a method, apparatus, and system are provided for
implementing dual partially independent flyheight control
(TFC) for hard disk drives (HDDs). The dual thermal flying
height control (TFC) includes two TFC heater resistors, one
near the write head, and one near the read head. Controlling
the minimum flypoint accurately for reading and writing
under all drive operating conditions offers a significant
advantage to achieve higher areal density and better reli-
ability.

In accordance with features of the preferred embodi-
ments, the method, apparatus, and system for implementing
dual partially independent flyheight control (TFC) for hard
disk drives (HDDs) enables a ratio of power dissipation in
the TFC heater resistors to be varied by changing the AC to
DC power ratio and/or by changing the AC frequency of the
drive signal.

Having reference now to the drawings, in FIG. 1, there is
shown an example system generally designated by the
reference character 100 for implementing dual partially
independent flyheight control (TFC) for hard disk drives
(HDDs) in accordance with preferred embodiments. System
100 includes a host computer 102, a storage device 104, such
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3
as a hard disk drive (HDD) 104, and an interface 106
between the host computer 102 and the storage device 104.

As shown in FIG. 1, host computer 102 includes a
processor 108, a host operating system 110, and control code
112. The storage device or hard disk drive (HDD) 104
includes a controller 114 coupled to a cache memory 115, for
example, implemented with one or a combination of a flash
memory, a dynamic random access memory (DRAM) and a
static random access memory (SRAM), and coupled to a
data channel 116. The storage device or hard disk drive 104
includes a Read/Write (R/W) integrated circuit (IC) 117 with
programmable drive signals for dual partially independent
flyheight control (TFC) of the preferred embodiments. The
storage device or hard disk drive 104 includes an arm 118
carrying a slider 120 in accordance with preferred embodi-
ments. The slider 120 flies over a writable disk surface 124
of'a disk 126 including a read/write head integrated with the
slider 120.

In accordance with features of preferred embodiments, a
control for dual flyheight control (TFC) 130 is provided with
the controller 114, for example, for implementing dual
partially independent flyheight control (TFC) for hard disk
drives (HDDs).

System 100 including the host computer 102 and the
HDD 104 is shown in simplified form sufficient for under-
standing the present embodiments. The illustrated host com-
puter 102 together with the storage device or HDD 104 is not
intended to imply architectural or functional limitations. The
present invention can be used with various hardware imple-
mentations and systems and various other internal hardware
devices.

Referring now to FIG. 2, there is shown example appa-
ratus generally designated by the reference character 200 for
implementing dual partially independent flyheight control
(TFC) for hard disk drives (HDDs) of the preferred embodi-
ments.

As shown in FIG. 2, apparatus 200 includes a recording
head 202, such as a read/write head 202 provided with the
slider 120. The recording head 202 includes a main magnetic
pole (MP) 204, and a trailing shield 208 of a head writer. As
shown, the head 202 includes a coil 214 positioned proxi-
mate the main magnetic pole MP 204, a reader 216, and a
dual thermal flying height control (TFC) 218A and 218B,
one near the write head, and one near the read head or reader
in accordance with preferred embodiments. The recording
head 202 includes the air bearing surface 222 of the record-
ing head 202 that is disposed proximate to the disk surface
124 of disk 126.

Referring now to FIG. 3, there is shown example appa-
ratus generally designated by the reference character 300 for
implementing dual partially independent flyheight control
(TFC) for hard disk drives (HDDs) in accordance with
preferred embodiments. Apparatus 300 provides dual par-
tially independent thermal flyheight control (TFC) and
includes a series connected first heater resistor R ;, 218A
and a second heater resistor R ;z-,, 218B connected between
a pair of wires 304, 306 carrying TFC signals. A capacitor
302 is connected in parallel with the first heater resistor
Ryzc1, 218A providing a frequency dependent shunt to the
parallel connected first heater resistor. High frequency elec-
trical signals, such as in the range of 1 MHz to 100 MHz,
partially bypass the first heater resistor R ;r,, 218A to pass
through the second heater resistor R ;z.,, 218B with the pair
of wires carries a DC current that passes through both the
first heater resistor R n-;, 218A and the second heater
resistor Rz, 218B.
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The dual partially independent flyheight control (TFC)
apparatus 300 always affects both TFC powers and thus is
called partially independent. For example, only a small
correction to the power distribution is needed in order to get
to a gamma of 1, where gamma represents a ratio of motion
between reader and writer, such as represented by

Gamma=reader motion/writer motion

In accordance with features of the preferred embodi-
ments, the dual partially independent flyheight control
(TFC) apparatus 300 is easily implemented. The dual par-
tially independent flyheight control (TFC) apparatus 300 can
be driven with an AC bias or a combination of AC bias and
DC bias. The electrical bias can be a voltage, current or
power. For the power bias, AC or DC bias is implemented
by sensing the DC and AC resistance changes and applying
a constant power to mitigate any resistance changes from the
environment or self-heating effects. For this description,
voltage bias will be used, which does not limit these same
principles applied to current or power bias. The capacitor
302 is integrated in slider 120 and has a typical value
between 5 to 50 picoFarads. Controller 114 provides a TFC
drive with R/W IC 117 applying an AC or AC+DC voltage
bias combined DC current and ACvoltage high frequency
electrical signals, such as in the range of 1 MHz to 100 MHz,
which is easily supported by the electrical interconnect and
interconnect R/W IC 117.

In accordance with features of the preferred embodi-
ments, controller 114 provides a TFC electrical bias pro-
grammed signals through the Channel 116 and to the R/W IC
117. TFC electrical bias signals are applied to the first heater
resistor R -, 218A, and second heater resistor Rz,
218B carried by the pair of wires 304, 306. For example, a
DC and AC TFC electrical voltage bias signal have an added
voltage range that is within the power supply voltage of the
R/W IC 117. Typically, only the positive supply is utilized,
which is 5V. Accounting for the voltage tolerance and
driving circuitry compliance voltage limits the DC and AC
total voltage range is from O to 4V. For example, a DC
voltage bias of 2.5V then limits the AC voltage bias to 1.5V
peak. Using typical values for R;-.;, 218A, and capaci-
tance, 318, sets the high frequency electrical bias signals in
a frequency range, which is typically between 1 MHz and
100 MHz. The AC power to can be done by a variable AC
frequency signal or AC high frequency with avariable ampli-
tude. A combination of controlling the frequency and the
amplitude can be applied. Simultaneously, a DC bias can be
applied.

Referring now to FIGS. 4 and 5, there are shown example
charts generally designated by the reference characters 400,
500 illustrating dual partially independent flyheight control
(TFC) for hard disk drives (HDDs) in accordance with
preferred embodiments showing the partially independently
power control of the dual TFC . With a 5 pF capacitor 302
as illustrated with graphs 400 in FIG. 4, the power ratio
between the two TFCs can be varied with a very large range,
with the two TFCs including the first heater resistor Rz,
218A and the second heater resistor R ;z-,, 218B of FIGS.
2 and 3. A 50 pF capacitor 302 is illustrated with waveforms
500 in FIG. 5.

Referring now to FIG. 6, there are shown graphs generally
designated by the reference character 600 with crosstalk in
dB shown with respect to the vertical axis with TFC AC
signal frequency in GHz shown with respect to the horizon-
tal axis illustrating simulation of high-bandwidth suspension
transmission path to maintain less than 50 dB crosstalk in
accordance with preferred embodiments.
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Referring now to FIG. 7, an article of manufacture or a
computer program product 700 of the preferred embodi-
ments is illustrated. The computer program product 700
includes a computer readable recording medium 702, such
as, a floppy disk, a high capacity read only memory in the
form of an optically read compact disk or CD-ROM, a tape,
or another similar computer program product. Computer
readable recording medium 702 stores program means or
control code 704, 706, 708, 710 on the medium 702 for
carrying out the methods for implementing dual partially
independent flyheight control (TFC) for hard disk drives
(HDDs) in accordance with preferred embodiments in the
system 100 of FIG. 1.
A sequence of program instructions or a logical assembly
of one or more interrelated modules defined by the recorded
program means or control code 704, 706, 708, 710, direct
HDD controller 114 for implementing dual partially inde-
pendent flyheight control (TFC) of preferred embodiments.
While the present invention has been described with
reference to the details of the embodiments of the invention
shown in the drawing, these details are not intended to limit
the scope of the invention as claimed in the appended
claims.
What is claimed is:
1. A method for implementing dual partially independent
flyheight control (TFC) for hard disk drives (HDDs), said
method comprising:
providing dual thermal flyheight control (TFC) includes a
series connected first heater resistor and a second heater
resistor; one of said first heater resistor and said second
heater resistor provided near a write head and another
of said first heater resistor and said second heater
resistor provided near a read head;
connecting the series connected first heater resistor and
second heater resistor between a pair of wires;

providing a capacitor connected in parallel with the first
heater resistor to provide a frequency dependent shunt
to the first heater resistor for high frequency electrical
signals applied to said pair of wires; the second heater
resistor only connected between the first heater resistor
and one of said pair of wires; and

applying TFC electrical bias signals to the first heater

resistor and the second heater resistor carried by said
pair of wires for providing partially independent power
control and controlling minimum flypoint of said read
head for reading and for controlling minimum flypoint
of said write head for writing; and said applied TFC
electrical bias signals including an AC bias frequency
for maintaining suspension transmission path crosstalk
of'less than 50 dB; and said applied TFC electrical bias
signals having a selected frequency change of said AC
bias frequency for fine TFC adjustment and an AC
amplitude change said AC bias frequency for coarse
TFC adjustment.

2. The method as recited in claim 1, includes providing
the capacitor having a selected capacitance value dependent
on an available AC bias frequency affecting power of the
first and second heater resistors.

3. The method as recited in claim 1, wherein said applying
TFC electrical bias signals to the first heater resistor and the
second heater resistor include applying an AC bias at a
frequency range to effect power of the first and second heater
resistors; and an amplitude of said AC frequency electrical
signals includes a voltage range between available power
supply voltages for the bias circuitry.

4. The method as recited in claim 1, wherein said applying
TFC electrical bias signals includes said controller applying
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a DC and high frequency electrical signal to the first heater
resistor and the second heater resistor.

5. The method as recited in claim 1, includes providing a
power delta between the heater resistors of approximately
10%.

6. The method as recited in claim 1, includes providing a
thermal flyheight control (TFC) with an AC signal frequency
range having varying effects on the first and second heater
resistors.

7. An apparatus for implementing dual partially indepen-
dent flyheight control (TFC) for hard disk drives (HDDs)
comprising:

a controller;

at least one disk; said disk including a disk medium for
storing data;

a slider including dual thermal flyheight control (TFC)
includes a series connected first heater resistor and a
second heater resistor; said series connected first heater
resistor and second heater resistor connected between a
pair of wires; one of said first heater resistor and said
second heater resistor provided near a write head and
another of said first heater resistor and said second
heater resistor provided near a read head;

a capacitor connected in parallel with the first heater
resistor to provide a frequency dependent shunt to the
first heater resistor; the second heater resistor only
connected between the first heater resistor and one of
said pair of wires;

said controller applying TFC electrical bias signals to the
first heater resistor and the second heater resistor via
said pair of wires for providing partially independent
power control and controlling minimum flypoint of
said read head for reading and for controlling minimum
flypoint of said write head for writing; and said applied
TFC electrical bias signals having an AC bias fre-
quency for maintaining suspension transmission path
crosstalk of less than 50 dB; said applied TFC electrical
bias signals having a selected frequency change of said
AC bias frequency for fine TFC adjustment and an AC
amplitude change said AC bias frequency for coarse
TFC adjustment.

8. The apparatus as recited in claim 7 includes control
code stored on a non-transitory computer readable medium,
and wherein said controller uses said control code to imple-
ment dual partially independent flyheight control (TFC).

9. The apparatus as recited in claim 7 wherein said
capacitor having a selected capacitance value dependent on
an available AC bias frequency affecting power of the first
and second heater resistors.

10. The apparatus as recited in claim 7 wherein said
controller applying TFC electrical bias signals includes said
controller applying high frequency electrical signals to the
first heater resistor and the second heater resistor having a
frequency range between 1 MHz and 100 MHz, and an
amplitude of said high frequency electrical signals includes
a voltage range between available power supply voltages for
bias circuitry.

11. The apparatus as recited in claim 7 wherein said
controller applying TFC electrical bias signals includes said
controller applying a DC and high frequency electrical
signal to the first heater resistor and the second heater
resistor.

12. The apparatus as recited in claim 7 includes said
controller providing a power delta between the heater resis-
tors of approximately 10%.
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13. The apparatus as recited in claim 7 includes said
controller providing a thermal flyheight control (TFC) AC
signal of less than 400 MHz.

14. The apparatus as recited in claim 7 wherein said
controller applying TFC electrical bias signals includes said
controller applying high frequency electrical signals includ-
ing a frequency range between 1 MHz and 100 MHz having
an amplitude in a voltage range between 0 and 4 Volts.

15. A system for implementing dual partially independent
flyheight control (TFC) comprising:

a hard disk drive (HDD) comprising a controller;

at least one disk; said disk including a disk medium for
storing data;

a slider including dual thermal flyheight control (TFC)
includes a series connected first heater resistor and a
second heater resistor; said series connected first heater
resistor and second heater resistor between a pair of
wires; one of said first heater resistor and said second
heater resistor provided near a write head and another
of said first heater resistor and said second heater
resistor provided near a read head;

a capacitor connected in parallel with the first heater
resistor to provide a frequency dependent shunt to the
first heater resistor; the second heater resistor only
connected between the first heater resistor and one of
said pair of wires;

said controller applying TFC electrical bias signals to the
first heater resistor and the second heater resistor car-
ried by said pair of wires for providing partially inde-
pendent power control and controlling minimum fly-
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point of said read head for reading and for controlling
minimum flypoint of said write head for writing; and
said applied TFC electrical bias signals having an AC
bias frequency for maintaining suspension transmission
path crosstalk of less than 50 dB; and said applied TFC
electrical bias signals having a selected frequency
change of said AC bias frequency for fine TFC adjust-
ment and an AC amplitude change said AC bias fre-
quency for coarse TFC adjustment.

16. The system as recited in claim 15 includes control
code stored on a non-transitory computer readable medium,
and wherein said controller uses said control code to imple-
ment dual partially independent flyheight control (TFC).

17. The system as recited in claim 15 wherein said
capacitor having a selected capacitance value in a range
between 5 to 50 picoFarads.

18. The system as recited in claim 15 wherein said
controller applying TFC electrical drive signals includes
applying a selected adjusted amplitude in voltage range
between available power supply voltages for bias circuitry.

19. The system as recited in claim 15 includes said
controller providing a power delta between the heater resis-
tors of approximately 10%.

20. The system as recited in claim 15 wherein said
controller applying TFC electrical drive signals to the first
heater resistor and the second heater resistor includes said
controller applying high frequency electrical signals in a
frequency range between 1 MHz and 100 MHz and an
amplitude in voltage range between 0 and 7 Volts.
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