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Title: CARRIER FRAMES

(57) Abstract: In examples provided herein, a carrier frame includes a cross member, a first extendable arm coupled to the cross
member to extend to a first variable length to support a first side of an electronic storage device to be supported, and a second ex -
tendable arm coupled to the cross member at a distance corresponding to a width of the electronic storage device from the first ex -
tendable arm to extend to second variable length to support a second side of the electronic storage device.
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CARRIER FRAMES

BACKGROUND
HHE ] Data center and cloud computing deployments use large arrays of
storage devices. The storage devices can include hard drives (HDs), solid
state drives (SSD), and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
{0002 FiG. 1 ilustrates an example variable carrier frame.
[0003] FIG. 2 illustrates an example variable carrier frame and storage
device assembly.
[0004] FIG. 3 illustrates an example variable carrier frame and storage
device assembiy.
[0005] FiG. 4A illustrates multiple example variable carrier frames inserted
it a corresponding carrier gage.
[0006] FIG. 4B Mustrates multiple example carrder frames inserted in a
corresponding carrier cage.
[0007] FIG. 4B depicts a flowchart of an example method of sefting
dimensions of a variable carrier frame.

DETAILED DESCRIPTION

[0008] The siorage devices may be mounted in carrier frames. The carrier
frames are inserted into corresponding carrier cages o meachanically and
electrically couple the storage devices o power and data buses. Multiple
carrier frames can be inserted into carrier cages to connect multiple storage

devices to a storage area network or ather data access architeciurs.

{0D08]  Various server and cloud computing installations can include large
arrays of electronic storage devices. Such arrays can provide computing
systems with large data storage and retrieval capabilities. Electronic storage
devices, such as hard drivaes, solid state drives (8580s), memristor arrays, and
the like, come in standard and custom form factors or housings that include

various functionality. For example, the housings can include mounting
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slements for securing and protecting the subcomponents of the storage
devices {e.g., the physical storageimemory media, printed dircuit boards,
integrated circuits, connectors, power converters, efc.). Some of such
subcomponents can provide functionality for accessing data stored on a
memory media included therein.

{6010 For example, serial advanced technology attachment (SATA) hard
drives and SSDs can be disposed in corresponding housings that include
connectors and control logic for retrieving data from specific memory locations
in response to requests from a computer system or processing unit. Some
electronic storage devices may even include a dedicated controlier to execute
code that cause the controller to perform various memaory specific operations,

such as had sector recovery, indaxing, defragmentation, and the like.

o011} In contrasi, some electronic storage devices may be less
sophisticated. Such storage devices may include simplified housings and
include imited or no specialized storage device funclionality. In electronic
storage devices with limited or basic internal functionality, various storage
device functionality can be handied by an external controller that sends
requests and receives responses through physical connections {(e.g.,
connectors, pins, ports, &tc.) included in the electronic storage device

housing.

[0012]  As described, the complexity and funclionality of electronic storage
devices can vary. Due to the large variety of electronic storage devices the
term “electronic storage device” can refer to any of a number of storage
davices. Accondingly, for the sake of simplicity and clarity, the term “electronic
storage device”, as used herein, can refer to any storage device regardisss
the memory media technology, form factor, communication profocol,
connector type, or level of control logic or functionality included therein.

[0013] To form an anay of storage devices and make them available to
computer systems and processors, electronic storage devices can be
connected {o a communication and/or power bus using corresponding
connectors. For example, some electronic storage devices include

connectors having arrays of pins arranged to mate with corresponding
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connectors having arrays of siots. In other implementations, the pins may be
connected o the bus, while the slots are included in the electronic storage
device. In either case, the connectors of the storage devices are aligned with

connectors of the bus and then coupled together,

{0014]  To facilitate alignment with maling connectors in a carrier cage, an
electronic storage device can be coupled {o a8 vanable carrier frame made in
accordance with implementations of the present disclosure. In various
example implementations, an electronic storage device can be coupled to a
variable carrier frame with dimensions that are adjusted to accommodate the
dimensions of the electronica storage device, as described herein in reference
to the figures.

[0015]  On parlicudar example variable carrier frame 100 s depicted in FIG.
1. As shown in FIG. 1, the variable carrier frame 100 can include dimensions
and mounting elements. in various implementations, the dimensions and
configuration of the components of variable carrier frame 100 can be variable
or adjustable based on the dimensions of elecironic storage device or carrier
cage with which it will be used. In one implementations, the dimensions, such
as the width and height H 112 of the cross member 105 and/or extendable
arms 110 can correspond to the dimensions of the carier cage into which the
carrier frame 100 is {0 be inserted. in addition, the width W 111 between the
extendable arms 110 and the length L 113 to which the extendable arms 110
are extended can correspond 1o dimensions of a particular electronic storage
device and/or the carrier cage with which the carrier frame 100 is 10 be used.

[0018]  As shown, the carrier frame 180 can include exendable arms 110
coupled to a cross member 105 at a distance W 111 from one ancther. As
described herein, the distance W 111 can correspond o a dimension {8.g.,
the outer widih) of a housing of the electronic storage device. Accordingly, in
various implementations, the width W 111 can be variable so that it can be
adjusted to the dimension of the intended electronic storage device. In such
implementations, the extendable arms 110 can be positioned relative to one
anothier to accommeodate the width of a padicular electronic storage device.
To that end, he extendable arms 110 can each include a movable coupling

element that maich a coupling element in the cross member 105, The



WO 2016/209251 PCT/US2015/037905

coupling elements, while not shown in FIG, 1A, can include T-shaped or L-
shaped slements on the extendable arms 110 that couple into
correspondingly shaped slots or rails in the back surface of the cross member
105 that allow for movement of the exiendable arms 110 glong the
longitudinal axis of the cross member 105,

{0017} In various example implementations, extendable arms 110 can
include multiple elements that move {e.q. slide) relative to one another to vary
the fength L 113 {o match a dimension of a particular electronic storage
device and/or to position mounting elements 120 relative to mounting
elements disposed in the electronic storage device. In the parlicular example
shown in FIG. 1A the extendable arms 110 include two sliding elements 121,
One of the sliding slements 121 can include a track or radl 121-1 into which
another sliding elemeant 121-2 ¢an be inseriad. By adiusting the relative
positions of the sliding elements 121, the variable length L 113 can be varied
in the direction 115, In some implementiations, the variable length L 113 is
continuously adiustable from a minimum length {0 a8 maximum fength. In other
implementations, the variable length L 113 can be adjusted to one of several
predetermined or incremented intermediate lengths from a minimum length to
a maximum length.

{00 18] The minimum length, the maximum length, and the intermediate
lengths can correspond to standard or customized dimensions of electronic
storage devices with which the carrier frame 100 is {0 be used. In addition, the
mintmum length, the maximum length, and the intermediate lengths can be
defined by spaced catches, notches, or incrementally positiched mounting
elements in the sliding elements 121, As such, the length L 113 of the
exiendable arms can be set {0 g predefined length by seiling the relative
positions of the sliding elements by engaging or snapping-into a particular
incrementally positioned mounting element.

j0018]  When the variable length L 113 of the extendable arms 110 are sef,
the positions of the sliding elements 121 of the extendable arms 110 can be
fixed by using the mounting elements 120 mated 1o mounding slements
included in the intended corresponding electronic storage device. For

example, in some implementations, mounting elements 120 can include



WO 2016/209251 PCT/US2015/037905

(a4

through holes that match up with threaded holes in the electronic storage
device through which screws can be disposed. Accordingly, in such
implementations the screws disposed in the through holes couple the carrier
frame 100 {o the electronic storage device and set the variable length L 113,
i other implementations, the mounting elements 120 can include clips, slots,
rivets, catches, and the like to couple the variable carrder frame 100 to the
intended electronic storage device.

[0020] FIG. 1B is an expanded view of the example variable carrier frame
100 that fHlustrates the sliding elements 121, While only two sliding elements
121-1 and 121-2 are depicted in FIG. 1B, other implementations of the
present disclosure may include mors sliding elements 121, In such
implementations, the sliding slements 121 can include muitiple nasting sliding
glemenis that can provide for shorter minimum vartiable lengths L 143,

[0021]  FIG. 2 depicts an expanded view of an example assembly that
includes the example carier frame 100 and corresponding electronic storage
device 200. As described herein, electronic storage device 200 can include a
hard drive, and S5D, or any other housing containing electronic storage
media and/or associated control logic. In the particular example shown, the
electronic storage device 200 can include a housing having specific
dimensions. For example, the housing of electronic storage device can have a
length L' 213, a height H' 212, and width W' 211, To couple the variable
carrier frame 100 to the electronic storage device 200, the length L1 113-1
and/or the width W 111 ¢an be set to correspond {0 length L' 213 and/or width
W 211, The electronic storage device 200 can then be disposed in between
the extendable arms 110, With the length L 113 and width W 111 set to maich
the fength L7 213 and width W 211, the mounting elements 120 in the
extendable arms 110 and mounting elements 210 in the housing of electronic
storage device 200 can be aligned to couple electronic storage device 200 to
the variable carrier frame 100,

[0022] As described herein, the through holes 120 in the extendable arms
114G ¢an maich up with threaded holes 210 in the housing of the electronic
storage device 200 so that screws may be inserted o secure the carrier frame

to the housing. As depicted in FIG. 2, the length L4 113-1 can comrespond to
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the minimum length of the variable carrier frame 100 that corresponds to the
dimension L' 213 of the shortest compatible electronic storage device 200,
However, as described herein, the variable carrier frame can be expanded to
accommodate electronic storage devices having different lengths and/or
widths. For example, in implementations in which the slectronic sicrage
device comprises a serial advanced technology attachment (SATA) device
that uses a SATA-{o-serial attached small computer interface (SAS) bridge, or
SATA-10-SAS bridge, device fo communicate with an information bus in a
carrier cage, the extendable arms 110 can be extended to accommodate the
additional length. In such implementations, the bridge device 301 can include
controf logic, circuitry, hardware, and/or executable code to convert
commands between an information bus and the electronic storage device
305.

f0023] FIG. 3 depicts an example assembly that uses the variable carrier
frame 100 in an extended configuration {o accommodate and couple to an
slecironic storage assembly 300 that includes a housing of electronic storage
device 305 of a particular length and a bridge device 301 of a particular
length. Accordingly, when the eleclronic storage device 305 is coupled o a
bridge device 301 by a coupler 303, the overall length of the electronic
storage assembly 300 is a composite of the lengths of the housing of
electronic storage device 305, the coupler 303, the bridge device 301, and the
coupler 307. The composite length of the electronic storage assembly 300
can correspond to the depth of a corresponding carmrier cage in which the
electronic storage assembly 300 is to be inserted.

[0024] For example, o accommodate the additional length of the
electronic storage assembly 300 attributed {o the dimensions of the bridge
device 301, the extendable arms 110 of the variable carrier frame 100 can be
extended to a length Ly 113-2. Once positioned, mounting elements 120 can
be used to secure the variable carrier frame 100 to the eleclronic storage
assembly 300. As such, the variable carrier frame 100 can be coupled {0 the
housing of electronic storage device 305 with or without the bridge device
301, Accordingly, implementations of the variable carrier frame 100 can be

used as a universal carrier frame usable to mount electronic siorage devices
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or assemblies having different lengths in carnier cage is having corresponding
depths.

[0025] FiG. 4A depicts an example storage array 400 that includes a
carrier cage 401 and muitiple variable carrer frames 100, In such
implementations, the carrier cage 401 can include internal tracks for accepting
the variable carrier frames 100 and conneclions that align with cormectors on
the mounted electronic starage devices 200. The variable carrier frame 100
with extendable arms 110 configured to have a length L 113 corresponding {o
a depth D4 413 of the carrier cage 401 and/or the length L’ 213 of the
electronic storage device 200 can be inserted into the carrier cage 400 so that
the electronic storage device 200 is properly aligned with a particular slot of
the carnier cage 401. For example, by inseriing the variable carrier frame into
a partictdar track of the canier cage 401, the connectors of the electronic
storage device 200 are automatically aligned with connectors in the carrier
cage 401 that provide power and/or communication connections to the
glectronic storage device 200,

{0028]  As shown, the camrier cage 401 can be dimensioned to
accommodate multiple carrier frames 100 and the electronic storage devices
200. For example, dimension X1 411 can be dimensioned {o accommodate an
irteger number of carmier frames 100 having a particular height H 112, The
dimension Y; 412 can be dimensioned to accommeodate the overall width of

the variable carrier frame 100 and/or cross member 105,

[0027] Similar to the example storage array 400, the example storage
array 402 depicted in FIG. 4B can include a carrier cage 403 and mulliple
variable carrier frames 100. In the example implementation depicted in FIG.
48, the carrier cage 403 has a depth D; 423 dimensioned to accommaodate an
extended length of an electronic storage assembiy. For example, depth B
423 can correspond to the exiended length L, 113-2 of the electronic storage
assembly 300 that includes both electronic storage device 305 and bridge
device 301. In such implementations, the extendable arms 110 of the variable
carrier frame 100 can be extended to a length comresponding 1o the exiended
length Ly 113-2 to couple to the electronic storage assembly 300. The variable

carrier frame 100 and the electronic storage assembly 300 can then be
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insertad into the carrter cage 403. Upon insertion into the carrier cage 403,
the backend coupler 307 of the bridge device 301 can be alignad and mated

with a corresponding coupler or connector in the back of the carrier cage 403.

[0028]  As with the dimensions of the carrier cage 401, the dimensions of
carrier cage 403 can correspond {o the dimensions of the carrier frames 100
and/or the electronic storage assembilies 300, For instance, the dimension Y:
422 can correspond fo the overall width of variable carrier frame 100 and the
dimension X 421 can correspond to an integer number of the height H 112 of
the variable carrier frame 100.

[0029] These and other variations, modifications, additions, and
improvements may fall within the scope of the appended claims{(s}. As used in
the description herein and throughout the daims that follow, "a”, “an”, and
“the” includes plural references unless the context clearly dictates otherwise.
All of the features disclosed in this specification (including any accompanying
claims, abstract and drawings}, and/or all of the elements of any exampie so
disclosed, may be combined in any combination, except combinations where

at least some of such features and/or elements are mutually exclusive.
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Claims

What is claimed ig:

1. A carrier frame comprising;
a Cross member;
a first extendable arm coupled to the cross member toextend to a
first variable length to support a first side of an electronic storage device 1o
be supported; and
a second extendable arm coupled {o the cross member at g distance
corresponding to a width of the electronic storage device from the first

extendable arm o extend o second variable length (o support a second
side of the electronic storage device.

2. The carrier frame of claim 1 wherein the first extendable anm and the
second extendable arm comprise mounting elements corresponding to
mounting elements on the electronic storage device and a second
electronic storage devica.

3. The carrier frame of claim 1 wherein the first exttendable arm is extendable
1o a third variable length 1o support the first side of the electronic storage
device and a first side of a bridge device, and the second extendable arm is
extendabie to a fourth variable length to support the second side of the
electronic device and a second side of the bridge device.

4. The carrier frame of claim 1 wherein the first variable length and the second

variable length correspond 10 standardized storage device dimansions.

5. The carrier frame of claim 1 wherein the first variable length and the second
variable length correspond to custom sforage device dimensions.
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6. The carrier frame of claim 1, wherein the first extendable arm and the
second extendable arm comprise mounting elements compatible with
muitiple corresponding carrier cages.

7. A storage array housing comprising:
a carrier cage;
a plurality of carmier frames disposed in the camier cage, wherein
each of the carrier frames comprises:

a cross member;

a first extendable arm coupled to the cross member to
axtend 1o a first variable length to couple to a first side of a
carresponding electronic storage device 10 be supported; and

a second extendable arm coupled to the cross member at
a distance corresponding (o a width of the corresponding
electronic storage device from the first exiendable arm {o extend
to second variable length to couple to a second side of the
carresponding electronic storage device.

8. The storage array housing of claim 7, wherein the first variable length and
the second variable length correspond to dimensions of the carrier cage and
dimensions of the corresponding electronic storage device to be supporied.

9. The storage array housing of claim 7, wherein the first extendable arm and
the second extendable arm comprises mounting elements compatible with the
corresponding electronic storage device and ancther electronic storage
device.

10, The storage array housing of claim 7, wherein the corresponding storage
device comprises serial advanced technology attachment (SATA) device and
a SATA-to-serial attached small computer interface {SAS) bridge device.

11. A carrier frame comprising:
a first adjustabls arm comprising mounting elements extendable to
muitiple lengths to coupie to multiple types of memaory modules; and
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a second adjustable amn comprising mounting slements extendable
to multiple lengths to couple 1 the multiple types of memory modules.

12. The carrier frame of claim 11, wherein first and second adjustable arms

gre dimensioned o couple to multiple types of carrier cages.

13. The carrier frame of claim 11, further comprising a structural cross
element adjustably coupled to the first and the second adjustable arms to
pasition the first and the second adjustable amms at a distance from one
another corresponding to widths of the multiple types of memory devices.

14. The carrier frame of claim 11, wherein the muitiple types of memuory
davices comprise a8 composite memory device type having serial advanced
technology attachment (SATA) device and an SATA-to-serial attached
smail computer inferface (SAS) bridge device.

15. The carrier frams of claim 11, wherein the multiple lengths correspond to
predefined positions set by mechanical calches.
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