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DESCRIPTION

DYNAMIC LOOP WITH FOLD

BACKGROUND

Cross-Reference to Related Applications

[0001]

This application claims priority from U.S. Provisional Application Number 61/651,932,
filed on May 25, 2012 in the United States Patent and Trademark Office, the disclosure of which
is incorporated herein by reference in its entirety.

Field

[0002]

Apparatuses consistent with the exemplary embodiments relate to hard disk drive (HDD)
technology, and more specifically, to an HDD actuator flexible circuit.

Description of the Related Art

[0003]

FIG. 1 illustrates an HDD with a dynamic loop 110. HDDs in the related art may utilize
a flexible circuit connecting the heads 107 on an actuator arm 104 to the printed circuit board
(PCB) 103. The flexible circuit moves freely and dynamically as the actuator arm moves
between inner and outer data cylinders on the disk platter. The flexible circuit serves to facilitate
instructions and functions between the PCB and the actuator arm voice coil motor (VCM) 105,
preamplifier 106, and heads 107. The dynamic loop 110 is the portion of the HDD actuator
flexible circuit routed from the PCB fixed end 102, also called a connector, to the moving end

-1-
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101 and the actuator arm 104. Traces are routed onto a flexible material so that when the actuator
arm moves while performing functions with the hard disk drive platter (e.g. read, write, seek),
the dynamic loop 110 may flexibly move along with the actuator arm while maintaining a
connection between the PCB 103 and the actuator arm 104 and heads 107. The dynamic loop
may be arranged as a single layer circuit or a dual layer circuit.

[0004]

FIGs. 2A and 2B illustrate cross sections of a single layer dynamic loop and a dual layer
dynamic loop, respectively.

[0005]

In the related art implementations of the single layer dynamic loop, the traces are routed
on one side of a ﬂexible material. The single layer circuit may contain a cover polyimide, a cover
adhesive, a trace layer which may contain copper traces, and a base polyimide. However, as
HDDs become progressively smaller, width and spacing limitations may cause the single layer
dynamic loop to consume proportionally more space within the HDD than is desired. To ensure
sufficient electrical connectivity between the actuator arm and the PCB, the single layer circuit
may have trace width ‘and spacing requirements depending on the design of the HDD. If extra
traces are needed between the PCB and the actuator arm to accommodate added functionality,
for example dual heaters, dual writers, and laser heat assist writing, the single layer dynamic loop
may require more space within the HDD.-

[0006])

A dual layer dynamic loop could be employed to increase the number of traces routed

through the dynamic zone while saving space within the HDD. In a dual layer circuit
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implementation, two layers of traces are routed on the top and the bottom of the flexible material
of the dynamic loop. A dual layer dynamic loop may contain a base polyimide, a layer of traces
on each side of the polyimide which may contain copper traces, a cover adhesive on each trace
layer and a cover polyimide on each cover adhesive layer.

[0007]

However, the dual layer dynamic loop suffers from additional copper trace stress in
comparison to the single layer dynamic loop. As the actuator arm moves while performing
functions of the hard disk drive, the dual layer dynamic loop undergoes stress on the top traces
and the bottom traces, which may be about twice that of a single layer dynamic loop.

[0008]

FIGs. 3A and 3B illustrate a stress comparison chart between a single layer dynamic
loop and dual layer dynamic loop, for the example conﬁgurations in FIGs 2A and 2B. As shown
in FIGs. 3A and 3B, the dual layer dynamic loop configurations undergo roughly twice the
amount of peak stresses as the single layer dynamic loop. From FIG. 2A (single layer), six traces
have designated names for stress on the top and the bottom, for example, 3t is the maximum
stress at the top side of trace number 3. FIG. 2B shows a similar naming convention for a dual
layer configuration, and three added traces on the lower Cu level are shown for illustration
purposes. FIG. 3A then illustrates the stresses at each position, and for both single and dual layer.
FIG. 3B shows the averaged, maximum stresses for overall, top, and bottom trace locations.

Due to the greater number of traces running through the dual layer dynamic loop and more so,
their geometric distance from the neutral axis, the resulting stiffness of the dual layer dynamic

loop configuration is on the order of five times that of the single layer dynamic loop. The table
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at upper right of FIG. 3B shows simulated \;alues of this. Though the two trace layers of the dual
layer dynamic loop can be routed as needed within the HDD, the aforementioned 2x the sfress
and 5x the stiffness are prohibitive.

[0009]

Increased functionality of the HDD actuator flexible circuit requires a greater number of
traces within the dynamic loop. The increased number of traces may widen the loop and increase
stiffness. Therefore, there is a need to route a larger number of traces without sacrificing trace
width and spacing while keeping stiffness low and addressing the abqve-noted stress penalty of

dual layer dynamic loops.

o SUMMARY

[0010]

An aspect of an exemplary embodiment is directed to a single layer dynamic loop,
including a set of traces divided by a slit on the single layer dynamic loop, wherein the set of
traces are divided into a first region and a second region; and wherein the single layer dynamic
loop is folded along the slit to move at least part of the first region in relation to the second
region.

[0011]

Another exemplary embodiment is directed to a single layer dynamic loop, including a
set of traces; voice coil motor lines; and an opening located below the set of traces and located
above the voice coil motor lines; wherein the single layer dynamic loop is folded along the
opening to move at least a first region of the dynamic loop in relation to a second region of the

dynamic loop.
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[0012]

Another exemplary embodiment is directed to a single layer dynamic loop, including a
set of traces; voice coil motor (VCM) lines; a first slit located below the traces; and a second slit
located above the VCM lines; wherein the single layer dynamic loop is first folded along the first

slit and the single layer dynamic loop is second folded along the second slit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

The above and/or other aspects will become apparent and more readily appreciated from
the following description of the exemplary embodiments, taken in conjunction with the
accompanying drawings, in which:

[0014]

FIG. 1 illustrates a hard disk drive (HDD) with a dynamic loop;

[0015]

FIGs. 2A and 2B illustrate cross sections of a single layer dynamic loop and the dual
layer dynamic loop, respectively;

[0016]

FIG. 3A illustrates a stress comparison chart between a single and dual layer dynamic
loop, at each trace position corresponding to naming conventions in FIG. 2A and 2B, and FIG.
3B further summarizes this stress comparison, with overall average, and averages at the top and
the bottom of copper traces;

[0017]
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FIG. 4A illustrates an un-folded front view of a single layer dynamic loop with a slit in
the circuit, and FIG. 4B illustrates a folded front view of a fold of the single layer dynamic loop
with the slit in the circuit in accordance with exemplary embodiments;

[0018]

FIG. 5A illustrates an unfolded front view of a single layer dynamic loop with an a slit
for permitting fold, FIG. 5B illustrates an unfolded front view of the single layer dynamic loop
with a slit and spacers, adhesive patches, or dampers for permitting a fold, FIG. 5C illustrates a
folded front view of FIG. 5B, and FIG. SD illustrates a folded back view of FIG. 5B in
accordance with exemplary embodirﬁents;

[0019]

FIG. 6A illustrates an un-folded front view of a single layer dynamic loop with a slit for
permitting a fold at an area above a VCM line region of the dynamic loop, FIG. 6B illustrates a
folded front view of the single layer dynamic loop with the slit for permitting a fold at an area
above the VCM line region of FIG. 6A, and FIG. 6C illustrates a folded back view of the single
layer dynamic loop of FIG. 6A, in accordance with exemplary embodiments;

[0020]

FIG. 7A illustrates an un-folded front view of a single layer dynamic loop with a slit for
permitting a fold of the dynamic loop, FIG. 7B illustrates a folded front view of the single layer
dynamic loop with a slit for permitting a fold, FIG. 7C illustrates a folded back view of the single
layer dynamic loop with a slit for permitting a fold of FIG. 7A, FIG. 7D illustrates an un-folded
front view of the single layer dynamiq loop with a shield layer on the VCM line region of the

dynamic loop, FIG. 7E illustrates a folded front view of the single layer dynamic loop with a
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shield layer on the VCM line region of the dynamic loop, and FIG. 7F illustrates a folded back
view of the single layer dynamic loop with a shield layer on the VCM line region of the dynamic
loop, in accordance with exemplary embodiments;

[0021]

FIG. 8A illustrates an un-folded front view of a single layer dynamic loop with an
opening for permjtting a fold of the dynamic loop, FIG. 8B illqstrates a folded front view of the
single layer dynamic loop with the opening for permitting a fold of the dynamic loop of FIC. 8A,
and FIG. 8C illustrates a folded back view of the single layer dynamic loop with the opening for
permitting a fold of the dynamic loop of FIG. 8A, in accordance with exemplary embodiments;

[0022]

FIG. 9A illustrates an un-folded front view of a single layer dynamic 1oop with a pin
opening for permitting a fold of the dynamic loop, FIG. 9B illustrates a folded front view of the
single layer dynamic loop with the pin opening for permitting a fold of the dynamic loop of FIG.
9A, FIG. 9C illustrates a bracket with pin method of adjusting a pin opening, and FIG. 9D
illustrates a folded back view of the single layer dynamic loop with the pin opening for
permitting a fold of the dynamic loop of FIG. 9A, and FIG. 9E shows a folded back isometric
view of the single layer dynamic loop of FIG 9A, with an adjusted layer separation, in
accordance with exemplary embodiments;

[0023]

FIG. 10A illustrates an un-folded front view of a single layer dynamic loop with two slits
for permitting multiple folds of the dynamic loop, FIG. 10B illustrates a folded front view of the

single layer dynamic loop with the two slits for permitting multiple folds of the dynamic loop,
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FIG. 10C illustrates a folded back view of the single layer dynamic loop with the two slits for
permitting multiple folds of the dynamic loop, and FIG. 10D illustrates a folded side view of the
single layer dynamic loop with the two slits for permitting multiple folds of the dynamic loop, in

accordance with exemplary embodiments.

DETAILED DESCRIPTION

[0024]

In the following detailed description, reference will be made to the accompanying
drawing(s), in which identical functional elements are designated with like numerals. The
aforementioned accompanying drawings show by way of illustration, and not by way of
limitation, exemplary embodiments and exemplary implementations utilizing princip’les of the
exemplary embodiments. These implementations are described in sufficient detail to enable
those skilled in the art to practice the exemplary embodiments and it is to be understood that
other implementations may be utilized and that structural changes and/or substitutions of various
elements may be made without departing from the scope and spirit of exemplary embodiments.
The following detailed description is, therefore, not to be construed in a limited sense.

[0025]

Exemplary embodiments are directed to a single layer dynamic loop folded onto itself,
which zﬂlows a greater number of traces to be routed on a single layer flexible circuit. In an
exemplary embodiment, the fold may result in two individual loops separated by an air gap. By
folding a single layer dynamic loop onto itself, the exemplary embodiments allow a greater
number of circuits routed through the dynamic loop while keeping stiffness lower than a

comparable dual layer dynamic loop. In an exemplary embodiment, the single layer dynamic
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loop is formed by splitting up the circuitry between two parallel polyimide “ribbons” separated
by a slit or cut, and then folding the loops back to back to create two separate loops. If desired,
also introduced in this disclosure are folded loops having differing widths and differing lengths.
The slit, cut or opening can be made by, for example, blade punching, die punching, etching,
photo imaging, or laser, however, it is not limited to these exemplary methods.

[0026]

Because the folded layers are not united, the folded single layer dynamic loop has
reduced stress in comparison to the dual layer dynamic loop. In an exemplary embodiment, the
folded layers are separated by a thin air gap. The folded single layer dynamic loop behaves
similarly to having two unfolded single layer dynamic loops, with similar stress, reliability and
stiffness characteristics. However, the folded single layer dynamic loop will take up less vertical
space within the HDD in comparison to the utilization of wider single layer loops without
folding, all else being equal. Folding of a circuit is beneficial over adding a separate single layer
circuit, because interconnecting each trace in a separate circuit would be necessary. The
exemplary embodiments construct a single layer circuit that both fits into the thin vertical design
space, and does not adopt a dual layer copper trace which has 2x the stress and 5x the stiffness
penalties (Fig 3B).

[0027]

FIG. 4A illustrates an un-folded front view of a single layer dynamic loop with a slit in
the circuit, in accordance with an exemplary embodiment. As shown in FIG. 4A, an actuator

flexible circuit 400 of a hard disk drive (HDD) includes a dynamic loop 410, traces 411 of the
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dynamic loop, a fixed end or connector end 402, a zero width slit 406, VCM lines outside of the
dynamic loop 403 and a moving end or head end 401.

[0028]

The single layer dynamic loop 410 can include a base polyimide layer, a copper layer, a
cover adhesive layer and a cover polyimide layer.

[0029]

The dynamic loop 410 includes a region not to be folded 404 and a region to be folded
405. The region to be folded 405 and the region not to be folded 404 can vary as indicated in the
exemplary embodiments. For example, the region to be folded 405 and the region not to be
folded 404 can depend upon a size of an opening or slit or the design and shape of the dynamic
loop. A zero width slit 406 is shown in FIG. 4A, however, a slit of varying sizes can be used,
such as a thin width slit. The zero width slit does not have a width and can be made by, for
example, a blade. However, the zero width slit is not limited to this exemplary method. Further,
in a zero width slit, no portion of the material is removed. A thin width slit can have a portion of
the material removed. The slits can be made using a die or laser. A thin width slit can also be
created by punching out a portion of the material.

[0030]

FIG. 4B illustrates a folded front view of a fold of the single layer dynamic loop with the
slit in the circuit in accordance with an exemplary embodiment. FIG. 4B illustrates a center fold
since the dynamic loop 410 is folded in the center of a longitudinal direction of the dynamic loop,
thereby folding the dynamic loop 410 equally in half. Although a centered fold is illustrated, the

fold could be placed in various positions. As shown in FIG. 4B, the traces 411 of the single
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layer dynamic loop 410 are folded along the center line of a longitudinal direction of the
dynamic loop to at least partially dispose one set of the traces divided by the zero width slit 406
behind another set of traces. Although a zero width slit is shown in FIGs. 4A and 4B, the size
and shape of the slit can be modified. Further, an opening can also be used instead of a slit.
Also, a fold can be performed on a dynamic loop without a slit or opening.

[0031]

The trace layer of the single layer dynamic loop is divided by the zero width slit 406
along a center line of the single layer dynamic loop, into a first set of traces called a region not to
be folded 404 and a second set of traces called a region to be folded 405. The two sets of traces
can be conceptually viewed as two "cables" for each set of traces. The zero width slit 406
separates the two cables along the baseline to allow for a fold. The zero width slit 406 may also
divide the traces to form two "cables" of similar width. Cables of same width or differing width
are possible. A portion of one cable is then folded over and behind the second cable.

[0032]

A larger open area may be provided to exclude the VCM traces from the folding
operation, which may be necessary for routing purposes. The fold may be conducted in various
ways. One way is to have the exterior portion cover polyimide surface, mate with the interior
portion cover polyimide surface. Alternatively, the fold may be conducted to have the exterior
portion base layer surface, mate with the interior portion base layer surface. Therefore, the
folding can be cover to cover or base to base. Additiohal slits can be formed near the fixed end
or connector end 402 to allow for more complex folds. Therefore, by folding the dynamic loop

411 in half as shown in FIG. 4A, the height of the dynamic loop in the HDD is decreased.
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[0033]

FiG. 5A illustrates én unfolded front view of a single layer dynamic loop with a slit for .
permitting a fold at the connector end, in accordance with an exemplary embodiment. FIG. 5A
is a simplified view of the circuit shown in FIG. 4A. The actuator flexible circuit 500 of a hard
disk drive (HDD) includes a dynamic loop 510, traces 511 of the dynamic loop, a fixed end or
connector end 502, a zero width slit 506, VCM lines outside of the dynamic loop 503 and a
moving end or head end 501.  The dynamic loop 510 includes a region not to be folded 504 and
a region to be folded 505.

[0034]

FIG. 5B illustrates an unfolded front view of the single layer dynamié loop of FIG. 5A
with spacers, adhesive patches, or dampers called added volumes 509. As shown in FIG. 5B,
the spacers, adhesive patches, or dampers 509 are positioned towards the ends of the dynamic
loop 510, however, the spacers, adhesive patches, or dampers 509 can be positioned anywhere on
the dynamic loop 510, or beyond it.

[0035]

A spacer prevents the folded sides, or cables, of the dynamic loop 510 from contacting
after the dynamic loop 510 is folded. Spacers can be added to keep the circuits of a folded
dynamic loop separate. Stress distribution and loop shape behavior of the copper traces will
depend on the mechanical coupling of unfolded and folded layers, so the spacer size and
placement can be modified as necessary. Localized stiffness changes in the loop could also be

realized with the spacer approach, especially for detailed loop shaping to minimize stresses at
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connector and head ends. Although two added volumes are shown in FIG. 5B, the number and
placement of the spacers are not limited to any particular configuration.

[0036]

An adhesive patch connects the folded layers of the dynamic loop 510 together.
Adhesive patches may be added to connect cables to each other to maintain the cables at a set
position or space relative to each other. The number and placement of the adhesive patches are
not limited to any particular configuration.

[0037]

A damper absorbs energy so that vibration of the hard disk drive is absorbed and
vibration can be kept quiet between the folded layers of the dynamic loop 510. Damping
material may be added between cables and may serve to absorb energy in the cables in the
dynamic sense. Dampers may be made, for example with a viscoelastic layer, in a dual
constrained layer configuration, to prevent unwanted vibrations within the dynamic loop. The
number and placement of the dampers are not limited to any particular configuration. A damper,
spacer, or adhesive patch can be used in any of the exemplary embodiments.

[0038]

FIG. 5C illustrates a folded front view of FIG. 5B, in accordance with an exemplary
embodiment. FIG. 5D illustrates a folded back view of FIG. 5B. As shown in FIG. 5C the
added volumes 509, for example, an adhesive, is added so the sides of the dynamic loop are
folded over and adhere together. Therefore, the sides of the dynamic loop (region to be folded
505 and region not to be folded 504) are prevented from separating. Further, the added volumes

509 maintain a space between the two portions (region to be folded 505 and region not to be
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folded 504) of the dynamic loop which prevents or eliminates contact or creates contact in
selected areas, as desired.

[0039]

FIG. 6A illustrates an un-folded front view of a single layer dynamic loop with a slit for

| permitting a fold at an area above a voice coil motor (VCM) line region of the dynamic loop, in
accordance with an exemplary ¢mbodiment. The actuator flexible circuit 600 of a hard disk
drive (HDD) includes a dynamic loop 610, traces 61 lv of the dynamic loop, a fixed end or
connector end 602, a zero width slit 606, VCM lines outside of the dynamic loop 603 and a
moving end or head end 601. The dynamic loop 610 includes a region not to be folded 604 and
a region to be folded 605.

[0040]

Therefore, as shown in FIGs. 6A, 6B, 6C, a fold can be performed at a region above
VCM lines of the dynamic loop instead of in a center longitudinal line of the dynamic loop as
shown in FIGs. 4A, 4B and 4C.

[0041]

In addition to the thin width slits or zero width slits for folding along the center line, a
large open area can be included near the fixed end or head end 602, to allow for fold isolation as
needed.

[0042]

FIG. 6B illustrates a folded front view of the single layer dynamic loop with the slit for
permitting a fold at an area above the VCM line region of the dynamic loop 610, in accordance

with an exemplary embodiment. FIG. 6C illustrates a folded back view of the single layer
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dynamic loop 610 folded at an area above the VCM lines region to be folded 605, in accordance
with an exemplary embodiment. VCM lines are connected to a coil and drive an actuator arm
back and forth. The dynamic loop 610 is folded at an area above the VCM line region 605 of the
dynamic loop 610 since the VCM lines contain high current. By folding the dynamic loop 610 at
a region above the VCM lines region to be folded 605, the shape of the dynamic loop can be
adjusted and modified. Specifically, as shown in FIG. 6C, the size of the region which is folded
is not the same as the size of the region which is not folded, thereby creating an alternative size
and shape for the dynamic loop 610.

[0043]

FIG. 7A illustrates an un-folded front view of a single layer dynamic loop with a slit for -
permitting a fold, in accordance with an exemplary embodiment. The actuator ﬁexible circuit
700 of a hard disk drive (HDD) inclucies a dynamic loop 710, traces 711 of the dynamic loop, a
fixed end or connector end 702, a zero width slit 706, VCM lines outside of the dynamic loop
703 and a moving end or head end 701. The dynamic loop 710 includes a region not to be
folded 704 and a region to be folded 705.

[0044]

FIG. 7B illustrates a folded front view of the single layer dynamic loop with a slit for
permitting a fold at location of zero width slit 706 of FIG. 7A, in accordance with an exemplary
embodiment. FIG. 7C illustratés a folded back view of the single layer dynamic loop of FIG. 7A,
in accordance with an exemplary embodiment.

[0045]

-15-



WO 2013/176296 PCT/JP2013/065122

FIG. 7D illustrates an un-folded front view of the single layer dynamic loop with a shield
layer on the VCM lines region of the dynamic loop, in accordance with an exemplary
embodiment. FIG. 7E illustrates a folded front view of the single layer dynamic loop with a
shield layer on the VCM lines region to be folded 705 of the dynamic loop, in accordance with
an e#emplary embodiment. FIG. 7F illustrates a folded back view of the single layer dynamic
loop with a shield layer on the VCM lines region to be folded 705 of the dynamic loop, in
accordance with an exemplary embodiment. The shield layer 707 covers the VCM lines on the
dynamic loop 710, and beyond as shown in FIG. 7D.

[0046]

Although a shield or shield layer in shown with respect to FIG. 7D, a shield or shield
layer can be used in any of the exemplary embodiments. The shield or shield layer can be made
of any number of materials. For example, the shield or shield layer can be made of paste, tape,
or copper, but the exemplary embodiments are not limited to these materials. By covering the
VCM lines with the shield or shield layer, the other traces 711 of dynamic loop 710 are protected
from noise and noise 1solation can be performed. As opposed to FIGs. 4B and 6C, the fold in
FIG. 7E is made towards the viewer. Therefore, the shield 707 provides electrical isolation of
the region to be folded 705 from the region not to be folded 704.

[0047]

FIG. 8A illustrates an un-folded front view of a single layer dynamic loop with an
opening for permitting a fold of the dynamic loop, in accordance with an exemplary embodiment.
The actuator flexible circuit 800 of a hard disk drive (HDD) includes a dynamic loop 810, traces

811 of the dynamic loop, a fixed end or connector end 802, an opening 807, VCM lines outside
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of the dynamic loop 603 and a moving end or head end 801. The dynamic loop 810 includes a
region not to be folded 804 and a region to be folded 805.

[0048]

FIG. 8B illustrates a folded front view of the single layer dynamic loop at the opening
807. FIG. 8C illustrates a folded back view of the single layer dynamic loop at the opening 807.

[0049]

As opposed to FIG. 4A which uses a zero width slit 406 for the fold, an opening 807 is
used for the fold in the exemplary embodiment of FIG. 8A. The opening 807 as shown in Fig.
8A is a large opening which runs a]ong the longitudinal length of the dynamic loop 810. By
using a large open area ﬁear, for example, the head end or moving end, electrical isolation can be
provided as needed, for example, for VCM trace interactions with specific other traces 811. The
variable width fold of the dynamic loop can provide a pair of cables (regions to be folded 805
and region not to be folded 804) of unequal length. By using the opening 807 instead of, for
example, a thin width slit or a zero width user, there is greater freedom of movement for
positioning the fold. Further, by using an opening 807 the positioning of the VCM lines can be
more greatly adjusted.

[0050]

FIG. 9A illustrates an un-folded front view of a single layer dynamic loop with a pin
opening for permitting a fold of the dynamic loop, in accordance with an exemplary embodiment.
The actuator flexible circuit 900 of a hard disk drive (HDD) includes a dynamic loop 910, traces

911 of the dynamic loop, a fixed end or connector end 902, an opening 907, VCM lines outside
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of the dynamic loop 903, a pin opening 908, and a moving end or head end 901. The dynamic
loop 910 includes a region not to be folded 904 and a region to be folded 905.

[0051]

FIG. 9B illustrates a folded front view of the single layer dynamic loop of FIG. 9A,
having é pin opening 908, and fold opening 907 for permitting a fold of the dynamic loop. The
pin opening or hole 908 is attached to VCM lines. The pin opening 908 shown in Figs. 9A and
9B can be pulled or pushed in order to change the position or shape, or effective length of the
lower VCM lines. For example, referring to FIG. 9C, the pin opening 908 can be adjusted using
apin 913, assembled into a bracket with pin 912, to adjust the length of the cable (e.g. region to
be folded 905) in accordance with an exemplary embodiment. The cable (e.g. region to be
folded 905) is the only member affected by the constmctioﬁ, or dimensions, of the bracket with
pin 912. The portion of the cable (e.g. region to be folded 905) can be either elongated or
shortened. By connecting the region to be folded 905 with the pin opening 908, the size and
shape of the dynamic loop 910 can be adjusted. Specifically, this allows for the adjustment of
the length of the single layer dynamic loop, depending on various implementations (e.g. folded
cable in contact, not in contact, partial contact, etc.)

[0052]

FIG. 9D illustrates a folded back view of the single layer dynamic loop 910 with the pin
opening 908 in FIG. 9A, for permitting a fold of the dynamic loop at the opening 907. As shown
in FIG. 9E, based on the amount of pushing and pulling on the pin 913 by the bracket with pin

912 in FIG. 9C, an adjustable separation 909 in FIG. 9E is created between the folded sections of
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the dynamic loop. The amount of separation between the cables or region not to be folded 904
and region to be folded 905 can therefore be adjusted.

[0053]

FIG. 10A illustrates an un-folded front view of a single layer dynamic loop with two slits
for permitting multiple folds or double folding of the dynamic loop, in accordance with an
exemplary embodiment. The actuator flexible circuit 1000 of a hard disk drive (HDD) includes a
dynamic loop 1010, traces 1011 of the dynamic loop, a fixed end or connector end 1002, a first
zero width slit 1006, a second zero width slit 1008, a ground shield 1007, VCM lines outside of
the dynamic loop 1003, and a moving end or head end 1001. The dynamic loop 1100 includes a
region not to be folded 1004 and a region to be folded 1005.

[0054]

The ground shield 1007 can be made on the same layer as the overall flexible circuit
copper layer, therefore, the dynamic loop copper layer can be manufactured on a single side with
the same process, yet resulting in a shield in between the layers when twice folded . The ground
shield 1007 can be made of copper or other materials and is made at the same time as the traces
1011 of the actual flexible circuit 1000. Therefore, the ground shield 1007 can be made integral
to the circuit itself, which can decrease costs.

[0055]

FIG. 10B illustrates a folded front view of the single layer dynamic loop with a fold at a
first zero width slit 1006 and another fold at second zero width slit 1008. FIG. 10C illustrates a
folded back view of the single layer dynamic loop with the fold at the first zero width slit 1006

and another fold at second zero width slit 1008. FIG. 10D illustrates a folded side view of the
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single layer dynamic 100p with the fold at the first zero width slit 1006 and another fold at
second zero width slit 1008. In FIG. 10D, the fold radius and thicknesé of the shield layer are
greatly exaggerated for illustration purposes.

[0056]

Therefore, by using multiple folds, a double fold or accordion fold, three layers are
separated by slits for folding, whereas the prior exemplary embodiments employ one fold line, so
that only two layers are present in the fmal folded arrangement.

[0057]

The exemplary embodiments minimize the area needed to route the large number of
traces without sacrificing trace width and spacing, which may be needed for electrical
performance, while keeping stiffness low by use of folds in a single layer dynamic loop.

[0058]

Moreover, other implementations of the exemplary embodiments will be apparent to
those skilled in the art from consideration of the specification and practice of the exemplary
embodiments disclosed herein. Various aspects and/or components of the described
embodiments may be used singly or in any combination. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the exemplary

embodiments being indicated by the following claims.
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"CLAIMS

1. A single layer dynamic loop, comprising:

a set of traces divided by a slit on the single layer dynamic loop, wherein the set of traces
are divided into a first region and a second region; and

wherein the single léyer dynamic loop is folded along the slit to move at least part of the

first region in relation to the second region.

2. The single layer dynamic loop of claim 1, wherein the single layer dynamic loop is folded

along the slit to move at least part of the first region behind the second region.

3. The single layer dynamic loop of claim 1, wherein the first region and the second region

are of equal height after folding.

4, The single layer dynamic loop of claim 1, wherein the first region and the second region

are of different height after folding.

5. The single layer dynamic loop of claim 1, wherein the first region is a region to be folded
and the second region is a region not to be folded.
6. The single layer dynamic loop of claim 1, further comprising at least one of a spacer,

adhesive patch and damper, at least partially disposed on the second region.
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7. The single layer dynamic loop of claim 1, further comprising voice coil motor (VCM)

lines, wherein the VCM lines are at least partially folded behind the second region.

8. The single layer dynamic loop of claim 7, further comprising a shield layered above the

VCM lines.

0. The single layer dynamic loop of claim 8, wherein if the shield is layered above the VCM
lines, the first region is folded toward the second region so that the shield is between the first

region and the second region.

10. A single layer dynamic loop, comprising:
a set of traces;
voice coil motor lines; and
an opening located below the set of traces and located above the voice coil motor lines;
wherein the single layer dynamic loop is folded along the opening to move at least a first

region of the dynamic loop in relation to a second region of the dynamic loop.

11.  The single layer dynamic loop of claim 10, further comprising a pin opening located
adjacent to the opening;

wherein the single layer dynamic loop is folded along the opening by adjustment of the
pin opening to move at least the first region of the dynamic loop in relation to the second region

of the dynamic loop.
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12.  The single layer dynamic loop of claim 11, wherein the pin opening is adjusted to create

a separation between the first region and the second region after folding.

13.  The single layer dynamic loop of claim 10, wherein the single layer dynamic loop is

folded along the opening to move at least part of the first region behind the second region.

14.  The single layer dynamic loop of claim 10, wherein the first region and the second

region are of equal height after folding.

15.  The single layer dynamic loop of claim 10, wherein the first region and the second region

are of different height after folding.

16.  The single layer dynamic loop of claim 10, wherein the first region is a region to be

folded and the second region is a region not to be folded.

17.  The single layer dynamic loop of claim 10, further comprising at least one of a spacer,

adhesive patch and damper, at least partially disposed on the second region.

18. A single layer dynamic loop, comprising:
a set of traces;
voice coil motor (VCM) lines;

a first slit located below the traces; and
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a second slit located above the VCM lines;
wherein the single layer dynamic loop is first folded along the first slit and the single

layer dynamic loop is second folded along the second slit.

19.  The single layer dynamic loop of claim 18, wherein the dynamic loop is accordion folded

along the first slit and then the second slit.

24-



PCT/JP2013/065122

WO 2013/176296

~-dooT o_Em&AD :

- Mvcm._m:_.\,,o_\/_,,
]

i

otl

spesH
101,

1y patejay

pu3 pexiq
201

Wy Jojenjoy

1425

d0d
€0l

GOl

T 24n314

1/31



~ (1d J2n0D)wing zT
(9AIsaype Janoo)uing
(ND vH)wnzT

(14 mmmmszmW.NH
(ND VH)wnzT

(3AISaYpE JaA02)UWING

PCT/JP2013/065122

(14 Jan0Q)wing'zT

__ dac 2.n314 -

(1d seg)wng'zT %

?US.._:E@NH

(aAISaYpE JaA0D)UWing:

" (1d ;m>oquzmM.‘NH_

WO 2013/176296

1y poteRy

vzaundy

Ul AawwiAs

2131



. PCT/JP2013/065122

WO 2013/176296

i

| 16 96 18 98 1 aL 19 99 16 98 W oy € 9 K’ 9T U

|

R
ooe

009

saNsg

0'0L

i

Q.

| .‘.mzm,.@ Em_;n__ -@--

P ]

,__m,.ﬂm.s..,u__mc__wmy.,% |

N gcggmo&mum.ﬁ- ,._..m?,m_m.mﬁ_mﬂmg« |

)

i

]
i
3

vy ye a8y

3/31



PCT/JP2013/065122

WO 2013/176296

1heyjeng : . 1ahe 9)duls
1 o
oat
Qo
g Qs w
| g4
WoROF /Y I 0L F
day) any %
fivenym oS ‘,ﬂ
177
o
009 W
_d‘,
s _Imm!
008
o6
0aot
$9553.4)¢ 9dei] JoAeTq jen( sa ajSuilg
%16V o'sy 196 0zl 19/eT jenq
%001 ¥ 0S8 ove A4 J9hen s)buig
ssauyns | wonog any | doj sAy | |17 oAy

WY paiejay

g€ 24n314

4/31



PCT/JP2013/065122

WO 2013/176296

pu3 Buirop
L0

(dooj o1weuAp
Jo apisino)
sauIT NOA

cop

MSIA Juoiq papjod-un

Hs

WPIM 0187
paplod 8q 0} Uoifay 90

/

pap|e4 aq 0} Jou uoibay
1401%

doo ojweuAg
oLy

nnouID
a|qIxa]4 Jojenjoy

Vi Inbi

pu3 paxi4
cov

5/31



PCT/JP2013/065122

WO 2013/176296

pu3 Buinop
Loy

MSIA JuoLy papjog

(dooj o1weuip
JO apisino)
SaUIT WOA

1900}

doo olweuig SeoeIL
” OLb by
Pap|o4 &q 0} jou uoiBay
14Y74
UNJJ1o
o|qIxa]4 Jojenoy
00v

‘g 8inbi4

pu3 paxi4
cov

6/31



PCT/JP2013/065122

WO 2013/176296

oug Buinop
110G

(dooj ojweuip
40 spisino)
Saur NWOA

€0s

M3IA JUoJ 4 PIOPIO4-UN  pepiogeqa uoibey
. G0g

doo siweuAg
0lLg

seoe) I
LG

nnoID
o|qIxa|- Joyenjoy

HS
UIPIA 0187

90s

r\\)

O

00G

VS 9Inbi4

pu3 paxi4

¢09

Psp|o4
™~ 99 0} jou uoiBay

v0G

7/31



Figure 5B
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Figure 7A

Un-Folded Front View
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Figure 7D
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