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METHOD AND APPARATUS FOR MEASURING A PITCH STATIC ATTITUDE
OF A HEAD STACK ASSEMBLY

BACKGROUND

[0001] A conventional disk drive includes a head stack assembly to read and write data to
and from a magnetic rotating disk. The head stack assembly includes one or more sliders.
Generally, the slider should be substantially level relative to the magnetic rotating disk. If the
slider of the head stack assembly is tilted too much, the slider may not read and write data to
and from the magnetic rotating disk correctly. Thus, prior to installation of the head stack
assembly in the disk drive, the head stack assembly is tested or calibrated using a
conventional tester to determine a pitch static attitude of the head stack assembly.

[0002] The conventional tester transmits and receives laser beams to determine the pitch
static attitude of the head stack assembly. The measurement of the laser beams are calibrated
using a reference plane. Furthermore, some of the laser beams are blocked by a mask to
prevent all of the laser beams from reaching the laser receiver. However, the reference plane
and the mask may be separate units. In such a case independent movement of the reference
plane and the mask may cause errors.

[0003] Furthermore, calibration with just the reference plane may provide inaccurate
measurements for sliders of the head stack assembly. In addition, conventional collection of
data for determination of a pitch static attitude of a head stack assembly may also be

inadequate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The features and advantages of the present embodiments will become more
apparent from the detailed description set forth below when taken in conjunction with the
drawings, wherein:

[0005] FIG. 1 depicts a tester according to an embodiment;

[0006] FIG. 2 depicts a first side view of a head stack assembly, a tower reference plane,
and a zero reference plane according to an embodiment;

[0007] FIG. 3 depicts a first side view of a head stack assembly, a tower reference plane,
and a zero reference plane according to an embodiment;

[0008] FIG. 4 depicts a second side view of a head stack assembly, a tower reference
plane, and a zero reference plane according to an embodiment;

[0009] FIG. 5 depicts a slider, a flexure, and a load beam according to an embodiment;
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[0010] FIG. 6 depicts an aperture of a tower reference plane according to an embodiment;
[0011] FIG. 7 depicts a process for performing auto gage verification and determining a
pitch static attitude of a head stack assembly according to an embodiment;

[0012] FIG. 8 depicts an aperture of a tower reference plane and a zero reference plane
according to an embodiment;

[0013] FIG. 9 depicts a process for determining a pitch static attitude of a head stack
assembly according to an embodiment;

[0014] FIG. 10 depicts a slider according to an embodiment; and

[0015] FIG. 11 depicts a pitch static attitude reference line and a horizontal line according

to an embodiment.

DETAILED DESCRIPTION

[0016] In an embodiment, as shown in FIG. 1, a tester 100 includes a laser transmitter
102, a laser receiver 104, a tower reference plane 108, a zero reference plane 110, and a
controller 144. In an embodiment, a head stack assembly 106 is placed between the laser
transmitter 102 and the laser receiver 104. The head stack assembly 106 can be, for example,
a head stack assembly for a disk drive. In addition, the head stack assembly 106 can include
one or more head stack assemblies. In an embodiment, the disk drive includes a magnetic
rotating disk.

[0017] In an embodiment, the tower reference plane 108 and the zero reference plane 110
are located between the head stack assembly 106 and the laser transmitter 102. In an
embodiment, the tower reference plane 108 and the zero reference plane 110 are integrally
formed. This can reduce, for example, errors caused by independent movement of the tower
reference plane 108 and the zero reference plane 110.

[0018] In an embodiment, the laser transmitter 102 is configured to transmit laser beams
142 and the laser receiver 104 is configured to receive the laser beams 142 from the laser
receiver 104. In an embodiment, the laser transmitter 102 is a charge coupled device laser
transmitter, and the laser receiver 104 is a charge coupled device laser receiver. The laser
transmitter 102, the laser receiver 104 and the laser beams 142 are used to perform auto gage
verification of the tester 100, and also to determine a pitch static attitude of the head stack
assembly 106.

[0019] In an embodiment, to perform auto gage verification, the laser transmitter 102
transmits laser beams 142 to the laser receiver 104 with relevant portions of the tower

reference plane 108 and the zero reference plane 110 blocking some of the laser beams 142.
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In an embodiment, to determine the pitch static attitude of the of the head stack assembly
106, the laser transmitter 102 transmits laser beams 142 to the laser receiver 104 with
relevant portions of the head stack assembly 106 blocking some of the laser beams 142. In an
embodiment, the controller 144 is configured to control the laser transmitter 102 and the laser
receiver 104 to perform auto gage verification of the tester 100 and to determine the pitch
static attitude of the head stack assembly 106, which will be described in more detail later.
[0020] In embodiments shown in FIGS. 2 and 3, a first side view of the head stack
assembly 106, the tower reference plane 108 and the zero reference plane 110 are shown. In
an embodiment shown in FIG. 2, the zero reference plane 110 is located generally along a
horizontal axis, such as an X-axis, while the tower reference plane 108 is generally located
along a vertical axis, such as a Y-axis. In an embodiment, as shown in FIG. 2, the tower
reference plane comprises apertures such as an aperture 112 while the head stack assembly
106 comprises sliders such as sliders 116a and 116b which can be seen through the aperture
112. In an embodiment, the slider 116b is located in a vertical direction opposite the slider
116a. The head stack assembly 106 also comprises load beams, such as load beams 114a and
114b. A closer first side view of the head stack assembly 106 and the tower reference plane
108 is shown in an embodiment in FIG. 3.

[0021] In an embodiment shown in FIG. 4, a second side view opposite the first side view
of the head stack assembly 106 and the tower reference plane 108 are shown. As seen in
FIG. 4, the head stack assembly 106 also comprises flexures such as flexures 146a and 146b.
In an embodiment, shown in FIG. 5, a closer view of the slider 116a, the flexure 146a, and
the load beam 114a are shown.

[0022] In an embodiment shown in FIG. 6, the aperture 112 comprises corners 118, 120,
122, and 124. 'The controller 144 can utilize the aperture 112 to perform auto gage
verification of the tester 100. In an embodiment, the controller 144 can also utilize the
corners 118, 120, 122, and 124 to determine a pitch static attitude reference line 126 for the
slider 116a and a pitch static attitude reference line 128 for the slider 116b. In an
embodiment, the pitch static attitude reference line 126 corresponds to a pitch static attitude
of the slider 116a and the pitch static attitude reference line 128 corresponds to a pitch static
attitude of the slider 116b.

[0023] In an embodiment, the controller 144 is configured to perform a process shown in
FIG. 7 to perform auto gage verification of the tester 100 and to determine a pitch static
attitude of the head stack assembly 106. In block S702, the process starts. In block S704, the

controller 144 checks home. For example, the controller 144 controls the laser transmitter
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102 to return to a home position such that the laser transmitter 102 can perform auto gage
verification. In block S706 the controller 144 performs a zero plane checking process. For
example, in embodiments shown in FIGS. 1 and 8, the controller 144 scans for and
determines a location of the zero reference plane 110 using the laser beams. In an
embodiment, the zero reference plane 110 is used to determine a zero axis.

[0024] In block S708, the controller 144 gathers X-data. The X-data can be, for example,
horizontal data of portions of the aperture 112. For example, the controller 144 can utilize
the laser transmitter 102, the laser receiver 104, and the laser beams 142 to determine
horizontal positions of the corners 118, 120, 122, and 124 as shown in an embodiment in
FIG. 8. In an embodiment shown in FIG. 8, the horizontal position of the corner 118 is
indicated by X1, while the horizontal position of the corner 120 is indicated by X3.
Similarly, in an embodiment, the horizontal position of the corner 122 is indicated by X1 and
the horizontal position of the corner 124 is indicated by X3. In an embodiment, the
horizontal position indicated by X1 is in a horizontal direction opposite the horizontal
position indicated by X3.

[0025] In block S710, the controller 144 gathers Y-data. The Y-data can be, for example,
vertical data of portions of the aperture 112. For example, the controller 144 can utilize the
laser transmitter 102, the laser receiver 104, and the laser beams 142 to determine vertical
positions of the corners 118, 120, 122, and 124 as shown in an embodiment in FIG. 8. In an
embodiment shown in FIG. 8, the vertical position of the corner 118 is indicated by Y1, while
the vertical position of the corner 122 is indicated by Y2. Similarly, in an embodiment, the
vertical position of the corner 120 is indicated by Y1 and the vertical position of the corner
124 is indicated by Y2. In an embodiment, the vertical position indicated by Y1 is located in
a vertical direction opposition the vertical direction indicated by Y2.

[0026] In block S712, the controller 144 stores the gathered X-data and Y-data to a
database such as an engineering database. In an embodiment, the database is accessible by
the controller 144. In an embodiment, the database is located in a remote system accessible
by the controller 144.

[0027] In block S714, the controller 144 retrieves assigned values from the database. In
an embodiment, the retrieved assigned values are assigned horizontal and vertical positions of
the corners 118, 120, 122, and 124. In an embodiment, the assigned horizontal and vertical
positions indicate the expected or correct positions of the horizontal and vertical positions of

portions of the aperture 112, such as the corners 118, 120, 122, and 124.
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[0028] In block S716, the controller 144 performs auto gage verification by comparing the
X-data and the Y-data to the assigned horizontal and vertical positions of the corners 118,
120, 122, and 124.

[0029] In block S718, the controller 144 determines whether the horizontal positions of
the corners 118, 120, 122, and 124 (gathered as X-data) matches the assigned horizontal
positions of the corners 118, 120, 122, and 124 and whether the vertical positions of the
corners 118, 120, 122, and 124 (gathered as Y-data) matches the assigned vertical positions
of the corners 118, 120, 122, and 124.

[0030] In an embodiment, when the horizontal positions of the corners 118, 120, 122, or
124 (gathered as part of the X-data) do not match the assigned horizontal positions of the
corners 118, 120, 122, or 124, the controller 144 indicates a tester failure in block S720. In
an embodiment, when the vertical position of the corners 118, 120, 122, or 124 (gathered as
part of the Y-data) do not match the assigned vertical positions of the corners 118, 120, 122,
or 124, the controller 144 indicates a tester failure in block S720. In an embodiment, after a
tester failure has been indicated in block S720, the process ends in block S732. In an
embodiment, one or more blocks S702 — S720 may be repeated for one or more of the
remaining apertures in the tower reference plane 108.

[0031] In an embodiment, when the controller 144 indicates a tester failure, the tester 100
can be withheld from production. However, if the controller 144 determines that there is no
tester failure in block S716, the tester 100 can be placed in production mode in block S722.
[0032] In block S724, the controller 144 performs pitch static attitude measurements on
the head stack assembly 106 as seen in embodiments shown in FIGS. 1 — 5, and which will be
described in more detail below.

[0033] In block S726, the controller 144 performs real time calibration and auto gage
verification by utilizing any additional X-data and Y-data gathered in block S724. In an
embodiment, the real time calibration and auto gage verification can include performing one
or more of blocks S704 to S722 disclosed above. In block S728, the controller 144 stores the
additional X-data and Y-data gathered in the database.

[0034] In block S730, the controller 144 determines whether there are any remaining pitch
static attitude measurements to be performed. When there are still pitch static attitude
measurements remaining to be performed, the controller 144 repeats blocks S724 — S728.
When there are no pitch static attitude measurements remaining to be performed, the process

ends in block S732.
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[0035] In an embodiment, a process for performing pitch static attitude measurements on
the head stack assembly 106 is shown in FIG. 9. In block S902, the controller 144
determines a zero axis 136 using the zero reference plane 110 and the laser beams 142 as
shown in an embodiment in FIG. 8. In block S904, the controller 144 determines a first
horizontal position and a second horizontal position of the aperture 112 using the zero axis
136 and the laser beams 142. For example, the controller 144 determines the horizontal
position of the corner 118 indicated as X1, and the horizontal position of the corner 120
indicated as X3, as shown in an embodiment in FIG. 8.

[0036] In block S906, the controller 144 determines a mid-point of a first slider of the
head stack assembly 106 using the first horizontal position of the aperture 112 and the second
horizontal position of the aperture 112. For example, as shown in an embodiment in FIG. 8§,
the controller 144 determines the mid-point of the slider 116a using X1 and X3. In the
embodiment shown in FIG. 8§, the mid-point of the slider 116a is indicated as X2 and the line
134. In an embodiment, X2 and the line 134 are an approximation of the mid-point of the
slider 116a.

[0037] In block S908, the controller 144 determines a first vertical position of the aperture
112 using the zero axis 136 and the laser beams 142. For example, the controller 144
determines the vertical position of the corners 118 and 120 (indicated as Y1), using the zero
axis 136 and the laser beams 142. In block S910, the controller 144 determines a first
horizontal line using the first vertical position. For example, the controller 144 determines
the horizontal line 130 using Y1.

[0038] In block S912, the controller 144 generates the pitch static attitude reference line
corresponding to a pitch static attitude of a first slider based on a least squares approximation
using the mid-point of the first slider and the first horizontal line. For example, the controller
144 generates the pitch static attitude reference line 126 corresponding to the pitch static
attitude of the slider 116a based on a least squares approximation using X2 and the horizontal
line 130.

[0039] In an embodiment shown in FIG. 10, the controller 144 utilizes X2 to determine
the locations on the slider 116a to transmit the laser beams 142 and gather positional data of
the slider 116a. For example, pitch static attitude data for the slider 116a can be gathered at
the locations 140a — 140e for a top portion 138 of the slider 116a. In an embodiment shown
in FIG. 10, the location 140c corresponds to the mid-point of the slider 116a (X2).

Furthermore, in an embodiment shown in FIG. 11, the gathered pitch static attitude data at the
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locations 140a — 140e can be utilized with the horizontal line 130 to generate the pitch static
attitude reference line 126 using the least squares approximation.

[0040] In an embodiment, one or more blocks shown in FIG. 9 may be used to generate
pitch static attitude reference lines corresponding to the pitch static attitude of additional
sliders in the head stack assembly 106. For example, one or more blocks shown in FIG. 9
may be used to generate the pitch static attitude reference line 128 corresponding to the pitch
static attitude of the slider 116b. In block S902, the controller 144 determines the zero axis
136 using the zero reference plane 110 and the laser beams 142 as shown in an embodiment
in FIG. 8. In block S904, the controller 144 determines the horizontal position of the corner
122 indicated as X1 and the horizontal position of the corner 124 indicated as X3, as shown
in an embodiment in FIG. 8.

[0041] In block S906, the controller 144 determines the mid-point of the slider 116b using
X1 and X3. In the embodiment shown in FIG. 8, the mid-point of the slider 116b is indicated
as X2 and the line 134. In block S908, the controller 144 determines the vertical position of
the corners 122 and 124 indicated as Y2 in an embodiment shown in FIG. 8. In block S910,
the controller 144 determines the horizontal line 132 using Y2.

[0042] In block S912, the controller 144 generates the pitch static attitude reference line
128 corresponding to the pitch static attitude of the slider 116b based on a least squares
approximation using X2 and the horizontal line 132.

[0043] Those of ordinary skill would appreciate that the various illustrative logical blocks,
modules, and algorithm parts described in connection with the examples disclosed herein
may be implemented as electronic hardware, computer software, or combinations of both.
Furthermore, the embodiments can also be embodied on a non-transitory machine readable
medium causing a processor or computer to perform or execute certain functions.

[0044] To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and process parts have been described
above generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints imposed
on the overall system. Skilled artisans may implement the described functionality in varying
ways for each particular application, but such implementation decisions should not be
interpreted as causing a departure from the scope of the disclosed apparatus and methods.
[0045] The parts of a method or algorithm described in connection with the examples
disclosed herein may be embodied directly in hardware, in a software module executed by a

processor, or in a combination of the two. The parts of the method or algorithm may also be
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performed in an alternate order from those provided in the examples. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, an optical disk, or any other form of storage
medium known in the art. An exemplary storage medium is coupled to the processor such
that the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor and
the storage medium may reside in an Application Specific Integrated Circuit (ASIC).

[0046] The previous description of the disclosed examples is provided to enable any
person of ordinary skill in the art to make or use the disclosed methods and apparatus.
Various modifications to these examples will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other examples without departing from
the spirit or scope of the disclosed method and apparatus. The described embodiments are to
be considered in all respects only as illustrative and not restrictive and the scope of the
disclosure is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the

claims are to be embraced within their scope.
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CLAIMS
What is claimed is:
1. A tester for measuring a pitch static attitude of a head stack assembly comprising:

a laser transmitter configured to transmit laser beams;

a laser receiver configured to receive the laser beams from the laser transmitter,
wherein the laser transmitter and the laser receiver are configured to receive a head stack
assembly comprising sliders between the laser transmitter and the laser receiver;

a zero reference plane located between the laser transmitter and the laser receiver;

a tower reference plane located between the laser transmitter and the laser receiver,
wherein the tower reference plane defines an aperture; and

a controller configured to measure a pitch static attitude of the head stack assembly by
at least:

determining a zero axis using the zero reference plane and the laser beams;

determining a first horizontal position of the aperture and a second horizontal
position of the aperture using the zero axis and the laser beams;

determining a mid-point of a first slider of the head stack assembly using the
first horizontal position and the second horizontal position;

determining a first vertical position of the aperture using the zero axis and the
laser beams;

determining a first horizontal line using the first vertical position; and

generating a pitch static attitude reference line corresponding to a pitch static
attitude of the first slider based on a least squares approximation using the mid-point

of the first slider and the first horizontal line.

2. The tester of claim 1 wherein the zero reference plane and the tower reference plane

are integrally formed.

3. The tester of claim 1 wherein the first horizontal position is located in a horizontal

direction opposite the second horizontal position.

4. The tester of claim 1 wherein the controller is further configured to perform auto gage
verification by:
determining whether the first horizontal position matches a first assigned horizontal

position; and
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indicating a tester failure when the first horizontal position does not match the first

assigned horizontal position.

5. The tester of claim 1 wherein the controller is further configured to perform auto gage
verification by:

determining whether the second horizontal position matches a second assigned
horizontal position; and

indicating a tester failure when the second horizontal position does not match the

second assigned horizontal position.

6. The tester of claim 1 wherein the controller is further configured to perform auto gage
verification by:

determining whether the first vertical position matches a first assigned vertical
position; and

indicating a tester failure when the first vertical position does not match the first

assigned vertical position.

7. The tester of claim 1 wherein the controller is further configured to measure a pitch
static attitude of the head stack assembly by:

determining a mid-point of a second slider of the head stack assembly using the first
horizontal position and the second horizontal position;

determining a second vertical position of the aperture using the zero axis and the laser
beams;

determining a second horizontal line using the second vertical position; and

generating a pitch static attitude reference line corresponding to a pitch static attitude
of the second slider based on a least squares approximation using the mid-point of the second

slider and the second horizontal line.

8. The tester of claim 7 wherein the first vertical position is located in a vertical

direction opposite the second vertical position.

9. The tester of claim 7 wherein the second slider is located in a vertical direction

opposite the first slider.

10
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10. The tester of claim 7 wherein the controller is further configured to perform auto gage
verification by:

determining whether the second vertical position matches a second assigned vertical
position; and

indicating a tester failure when the second vertical position does not match the second

assigned vertical position.

11. A method for measuring a pitch static attitude of a head stack assembly comprising
sliders using a tester comprising a laser transmitter that transmits laser beams to a laser
receiver, a zero reference plane, a tower reference plane defining an aperture, and a
controller, wherein the head stack assembly is placed between the laser transmitter and the
laser receiver and the zero reference plane and the tower reference plane are placed between
the laser transmitter and the laser receiver, the method comprising:

determining a zero axis using the zero reference plane and the laser beams;

determining a first horizontal position of the aperture and a second horizontal position
of the aperture using the zero axis and the laser beams;

determining a mid-point of a first slider of the head stack assembly using the first
horizontal position and the second horizontal position;

determining a first vertical position of the aperture using the zero axis and the laser
beams;

determining a first horizontal line using the first vertical position; and

generating, using the controller, a pitch static attitude reference line corresponding to
a pitch static attitude of the first slider based on a least squares approximation using the mid-

point of the first slider and the first horizontal line.

12. The method of claim 11 wherein the zero reference plane and the tower reference

plane are integrally formed.

13. The method of claim 11 wherein the first horizontal position is located in a horizontal

direction opposite the second horizontal position.

14. The method of claim 11 further comprising:

11
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determining whether the first horizontal position matches a first assigned horizontal
position; and
indicating a tester failure when the first horizontal position does not match the first

assigned horizontal position.

15. The method of claim 11 further comprising:

determining whether the second horizontal position matches a second assigned
horizontal position; and

indicating a tester failure when the second horizontal position does not match the

second assigned horizontal position.

16. The method of claim 11 further comprising:

determining whether the first vertical position matches a first assigned vertical
position; and

indicating a tester failure when the first vertical position does not match the first

assigned vertical position.

17. The method of claim 11 further comprising:

determining a mid-point of a second slider of the head stack assembly using the first
horizontal position and the second horizontal position;

determining a second vertical position of the aperture using the zero axis and the laser
beams;

determining a second horizontal line using the second vertical position; and

generating a pitch static attitude reference line corresponding to a pitch static attitude
of the second slider based on a least squares approximation using the mid-point of the second

slider and the second horizontal line.

18. The method of claim 17 wherein the first vertical position is located in a vertical

direction opposite the second vertical position.

19. The method of claim 17 wherein the second slider is located in a vertical direction

opposite the first slider.

20. The method of claim 17 further comprising:

12
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determining whether the second vertical position matches a second assigned vertical
position; and
indicating a tester failure when the second vertical position does not match the second

assigned vertical position.

13
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