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FIG. 1B

(57) Abstract: A storage drive riser may comprise a riser board. The riser board may include an edge connector, a storage drive con -
nector to operably engage with a storage drive, and a retention aperture. The retention aperture may be longitudinally aligned with
the storage drive connector. The storage drive riser may also include a storage drive retainer to insertably engage with the retention
aperture and to retain the storage drive to the riser board with a retention protrusion.



WO 2016/12259%4 PCT/US2015/013762

STORAGE DRIVE RISER

BACKGROUND
{0001} Storage drives can be used to store data from computer systems, inchuding server

systems. Further, storage drives can be used to transfer data between multiple compater systems,
Storage drives may be easily mnstalled or removed from computer systems, or storage drives may
also be mstalled m the computer systery mternally.
0662} Storage drives and other expansion cards can be engaged with an expansion slot
of the computer system to enhance the performance and capabilities of the computer system.
The expansion card may be engaged with the expansion slot through the use of a riser vard. A
riser card may engage with both the expansion slot and the expansion card and raise the
expansion card above the system board of the computer system. A riser card thereby may allow

the expansion card to be engaged with the computer system 1n a more compact configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

{6603} Fig. 1A 15 a perspective view of an example storage drive riser including a riser

board and a storage drive retainer.

8004} Fig. 1B 1s a perspective exploded view of an example storage drive riser.
[8005] Fig. 1C 15 a perspective view of an example storage drive riser.

[o006] Fig. 1D 15 g detail view of an example storage drive riser.

[0007] Fug 2A 15 a perspective exploded view of an example storage drive riser,
0008} Fig. 28 15 a cross-sectional view of an example storage drive riser.

{8009 Fig. 3 is a perspective view of an example storage drive retainer including a

retention nut and a retention stud.
{0010 Fig, 4A 15 a perspective exploded view of an example storage drive retainer.

job11] Fig. 4B 15 a detail view of an example niser board.



WO 2016/12259%4 PCT/US2015/013762

PETAILED DESCRIPTION

[8012] Storage drives can have edge connectors that connect the storage drive toa
receiving conngctor in an associated computer system. The edpe connectors can include multiple
pins {g.g., a gold finger connector). The edge connector can include multiple signal pins, at least
ong groand pin, and at least one power pin. The muliiple signal piong communicate a signad to
and from a memory portion of the storage drive and the receiving connector, while the at least
one ground pin connects the storage drive to ground, and the at least one power pin provides
power to the storage drive from the receiving connector. The ground and power pins may be
tonger than the signal pins,

{0013} Storage drives can be engaged with the associated computer system through
gxpansion slots of the computer system, the expansion slots being the recerving connegtors.
Expansion slots can be located on the system board, or motherboard, of the computer system and
can engage with expansion components, such as storage drives, m order {0 enhance the
performance or capabilities of the computer system, such as storage capacity. Storage drives
may requive the use of an intermediary component m order to engage the storage drive with the
expansion slot. In such a situation, the intermediary component may include the receiving
conmector. bntermediary components may include cables, adapter boards, viser boards, or other
components that can adapt the storage drive connector to the expansion slot,

jou14] Riser boards can be used to engape different types of expansion components with
expansion slots. Riser boards may engage with the expansion slot, using an edge connector, in a
manner that s perpendicular to the system board. Riser boards may also include a recetving
cormector such that the expansion component engages wath the riser board in 8 manner
perpendicular 1o the niser board. Riser boards may, therefore, allow the expansion component to
engage with the expansion slot while the expansion component 1s disposed above the system
board in a more compact configuration than if the expansion component was insertably engaged
with the expansion stot directly,

[o01s] Riser boards roay, t some situations, only engage with one storage drive at a
time. This may require the use of muoltiple niser boards to engage with multple expansion slots
m order to uttlize more than one storage drive with the computer system. Riser boards may, m
further situations, engage with more than one storage drive, however, the storage drives may be

aligned adjacently to each other in a side-by-side fashion on the riser board. This configuration
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moreases the necessary haight of the riser board off of the system board m & computer system.
Therefore, m some situations, a riser board accommuodating more than one storage drive may not
be able to fit within certain computer system’s size constraints, thevefore hmiting the amount of
storage capacity that can be added to the computer system.

|80 16} Implementations of the present disclosure provide a riser board that can engage
with nultiple storage drives m a low-profile, back-to-back configuration. This configuration
nunimizes the necessary height of the riser board off of the system beard in a computer system,
requiring less space in the computer system’s enclosure or case,

[a017] Further, storage diives may engage with a riser board through the use of
mechanical fasteners, The mechanical fasteners may inclode one or more female nuts, standoffs,
and a male screw. The mechanical fasteners may require tools to install and uninstall, and may
only be able to secure one storage drive at a time. Therefore, swapping one storage drive for
another may be relatively ime-intensive and require tools, as cach storgge drive is mdividually
retained by the fasteners. Additionally, storage drives may be avatlable in different lengths,
sometimes corresponding with different storage capabihties of the drive. It may be desirable to
change one storage drive on a niser hoard for another storage drive of a different length, if
storage requirements of the computer svstem change, for example. This may require tools to
urnstall the sorew fromt the nut, and also to unimstall the nat and the standotf from the niser
board and re-install the nut and standoft on the niser board in 8 different engagement position.
Tools may then be further required 1o remsiall the screw mto the not, thereby retaning the new,
different length storage drive.

[8018] Implementations of the present disclosure provide a niser board that can engage
multiple lengths of a storage drive tvpe without the need for tools. This mimimizes the required
fastenmg components and the time required to mstall and wninstall the storage drive and
fastening components. Further, implementations of the present disclosure provide a riser board
that can mechanically retam two storage drives with one, tool-less fastener.

{6019 Referring now to Figs. 1A and 1B, a perspective view and an exploded view of an
example storage drive niser 100 18 dlustrated, respectively. The example storage drive niser 100
may include a riser board 102 and a storage drive retainer 104, The riser board 102 may
structurally support and electrically connect muduple electronic components. The niser board

102 may, m some mnplementations, connect suittple electronic components with conductive
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pathways, which, i further implementations, may mchude copper. In vet further
mplementations, the niser board 102 may be made, at least partially, out of a now-conductive
substrate with copper pathways etched onto the substrate. In some muplementations, the non-
conductive substrate may mchude stlicone. In further muplementations, the riser board 102 nught
comprise a sngle-layver printed circust board (PCB), or a malti-layer PCB m other
implementations.

j00240] The niser board 102 may include an edge connector 106, a retention aperture 108
to msertably engage with the storage drive retainer 104, and a storage drive connector 110 to
engage with a storage drive 112, The edge connector 106 may include multiple pins, including
signal pins, power pins, and ground pins, the multiple pins being operably engaged with the
conductive pathways of the riser board 102, The muluiple pins may be to engage with
complementary receptacle pins in & computer system’s expansion slot such that the riser board
102 15 operably engaged with such an expansion slot and, thus, the computer system. Iu some
inplementations, the expansion slot may be disposed on the system board of the computer
system. The edge connector 106 may engage with the expansion slot by being wserted mito the
slot from a direction parallel to the slot opening and perpendicular to the system board. The edge
connector 106 may facilitate electrical communication via g signal path between the riser board
102 and the expansion slot and, thus, an expansion bus and main system bus of the computer
system. In further implementations, the mudople pins of the edge connector 106 may be able to
sapport multiple signal paths from the niser board 102 to the computer systent’s expansion slot,
In vet further maplementations, the expanston slot reay be a Peripherat Component Intercomnect
Express (PCle) expansion slot, the edge connector 106 bemg operably engageable with the PCle
expansion slot.

[8021] The retention aperture 108 may be a hole or orifice extendimg through the niser
board 102, The storage ditve retamer 104 may be o msertably engage with the retention
aperture 108, In some mmplementations, the retention aperture 108 may be longuudmally abioned
with the storage drive connector 110, In other words, the retention aperture 108 may be aligned
with the storage drive connector 110 such that, 1f the storage drive retamer 104 were msertably
engaged with the retention aperture 108, the storage drive retainer 104 may be able to retain a

distal end of the storage drvve 112, The distal end of the storage drive 112 may refer to the end
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opposite from the storage drive’s adge connector. In some implementations, the retention
aperture 108 may be longitudinally aligned yeith the center of the storage drive connector 1100

16622} The storage doive retamer 104 may mclade a retention mut 114 and a retention
stud 116 to nsertably engage with the retention nut. The retention stud 116 may msertably
engage with the retention nut 114 through the retention aperture 108, such that the riser board
102 15 sandwiched in between the retention nut 14 and the retention stud 116, In some
implementations, the niser board 102 may be sandwiched in between respective shoulder portions
of the retention nut 114 and the retention stud 116, In some implementations, the retention stud
116 and the retention nut 114, once engaged, may be able to rotate relative to each other and
refative to the niser board 102, In further implementations, the retention nut 114 and the
retention stud 116 mayv be vertically adjustable, such that the distance from the retention nut 114
to the riser board 102 and the retention stud 116 to the riser board 102 can vary. In further
wuplementations, the retention nut 114 and stud 116 may be vertically adjustable to
accomumodate riser boards 102 of different thicknesses.

joa23] Referring addwionally to Figs, 1C and 1D, the storage drive comnector 110 may be
an electrical terface to communicate with an edge connector of the storage drive 112, the edge
conpector in communication with a memory portion of the storage drive 112, The storage drive
connector 110 may further be operably engaged with the conductive pathways of the riser board
102, and, thus, the edge connector 106 of the riser board 102, In some implementations, the
storage drive connector 110 may melode multiple receptacle pins that may engage with multiple
pins of the storage doive 112 edge comnector, and the multiple pins may welude signal pins,
power pms, and ground pins. The engagement of the multiple receptacle pins of the storage
drive connector 110 with the multiple pins of the storage drive 112 edge connector may faciliate
electnical commumication between the storage drive 112 and the riser board 102, The niser board
102 may, therefore, facilitate electrical communication between the storage drive 112 and the
computer svstem through the edge connector 106 and the computer systent’s expansion siot.

j0024 The riser board 102 may recerve and engage with the storage drive 112 through
the storage drive connector 110 and the storage drive retamer 104, The storage drive connector
110 may receive the storage drive 112 at an angle and allow the storage drive 112 to be tilted
downward m a dection 117 such that the storage drive connector 10 electrically engages with

the multiple pins of the edge connector of the storage drive 112, Once engaged with the storage
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drive connector 110, the storage drive 112 may be disposad on the niser board 102 such that a
retention cetout 113 on the storage drive 112 may be substantially aligned with the retention
aperture 108, Substantially aligned may mdicate the ability for the storage dvive retainer 104 to
be msertably engaged with the retention aperture 108 such that a retention protrusion 119 of the
storage drive retaingr 104 may overlap and engage with the retention cutout 113, thereby
retaiming the storage drive 12 to the niser board 102 10 #s engaged position with the storage
drive connector 110, In some implementations, the retention nut 114 and the retention stud 116
may each have a retention protrusion 119, gither of which can be used to retain the storage drive
112 to the riser board 102, depending on the direction of engagement between the storape drive
retainer 104 and the retention aperture 108, Further, the retention protrusion 119 of the storage
drive retaingr 104 may engage with the retention cutout 113 by bemg rotated relative to the viser
board in a direction 115, from an open posttion to a closed position. In other words, the storage
drive retainer 104 may be insertably engaged with the retention aperture 108 such that the
retention protrusion 119 is facing away from the storage drive connector 110, in the open

-y
.”

postton, to allow the storage drive 112 to be tlted downward n the direction 117 vl
electrically engaged wiih the storage drive connector 119, The storage drive retainer 104, or the
part thereof having the retention protrusion 119, may then be rotated o the retention aperture 108
along direction 115 until the retention protrasion 119 15 facing the storage drive connector and,
thus, overlapping the retention cutout 113 of the storage drive 112, in a closed position, as
Hlustrated i Fig. 1D

[oo23] It some implementations, the storage drive 112 can be removed from its engaged
state with the riser board 102 and the storage drive connector 110 by reversing the above actions.
In other words, the storage drive retainer 104, or the part thereof having the retention protrusion
119, may be rotated in the retention aperture 108 from the closed position, retaming the storage
drive 112, along the direction 113, to the open position. (Once the storage drive retamer 104 15 m
the open posiiton, the storage drive 112 may be tilted upward i the direction 117 unisl 118
disengaged from the storage drive connector 110 and free to be removed from the riser board
102

{0026} {n some implementations, the storage drive retamner 104 can be rotated i the
retention aperture 108 from the open posttion 1o the closed position, or vice versa, by a user’s

hand, without the need for tools. In further smplementations, the storage drive retamer can be
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rotated along the divection 115 from the closed to open position, or vive varsa, i ehera
clockwise or a counter~clockwise manper. In some implementations, the retention catout 113 is
focated in the center of the distal end of the storage drive 112, In Buther implementations, the
storage drive 1s a M2 Next Generation Form Factor (NGFF) solid state storage drive and the
storage drive connector 110 may be an mterface to engage with a M.2 NGFF solid state storage
drive,

jae27y Referring now to Fig. 24, a perspective exploded view of an example storage
drive riser 200 is tlustrated, Storage drive riser 200 may be similar to storage drive riser 100,
Further, the simitarly named elements of storage drive niser 200 may be stmular in function to the
elements of storage drive niser 100, as they are described above. Storage drive niser 200 may
include a viser board 202 and a storage doive retamer 204, Riser board 202 may melude a
retention aperture 208 to insertably engage with the storage drive retainer 204, and a first storage
drive connector 210 to engage with a first storage drive 212, Riser board 202 may further
mclude a plurality of retention apertures 208 longutudinally ahgned with each other along the
riser board 202, as Hlustrated m Fig. 2A. Each of the phurality of retention apertures 208 may be
engageable with the storage drive retaimer 204, such that the storage drive vetainer 204 is capable
of retaming multiple lengths of storage drives 212, In some imiplementations, the retention
apertures 208 may be spaced along the riser board 202 at intervals such that the storage duve
retamer 204 s capable of retatning M.2 NGFF solid state storage drives that ave 30 millimeters
{ramy, 42 mum, 60 nun, 80 mum, and 110 mm m length to the riser board 202,

[o028] It further implementations, riser board 202 may addionally welude a second
storage drive connector 218 to engage with a second storage drive 220, In some
mplementations, the second storage drive connector 218 may be disposed on the oppostie side
of the niser board 202 from the first storage drrve connector 210 m a back-to-back manner. The
second storage drive connector 218 may be to engage with the second storage drive 220 on the
opposite side of the riser board 202 from the engagement of the {irst storage drive connector 210
and the first storage drive 212, with a retention cutout from each of the first and second storage
drives 212 and 220 sebstantially aligning with one of the retention apertures 208, The storage
drive retainer 204 may, therefore, retain both the first and second storage drives 212 and 220,
respectively, by msertably engaging wath the aligned retention apertere 208, as tlostrated wm Fig

2AC The storage drive retainer 204 may inclade a retention nut 2¥4 and a retention stud 216 to
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wmsertably engage with the retention nut 214 through the retention aperture 208, The retention
nut 214 may meclude a retention protrusion o retam the fivst storage drive 212 1o the niser board
202, as described above regarding Figs. 1C-D. Simtlarly, the retention stud 216 may include a
retention protrasion 1o retam the second storage drive 220 to the opposite side of the riser board
202 from the first storage drive 212, The retention nut 214 and the retention stud 216 may be
rotatable relative to each other and relative to the tser board such that the retention nut 214 and
the retention stud 216 can each independently engage and disengage with the retention cutout on
the respective storage drive, Therefore, both the first and second storage drives 212 and 220 may
be retained to and removed from the riser board 202 independently from each other.

{0029 In some hmplementations, the first and second storage drive connectors 210 and
218 can be aligned with each other while disposed on opposite sides of the riser board 202, That
15, the first and second storage drive conneciors 210 and 218 may share the same footprint, as
addimonally lustrated in Fig. 2B, Fig. 2B 15 a cross-sectional view of the storage drive niser
200, taken along cut line 2B-2B of Fig. 2A. Ifthe first and second storage drive connectors 210
and 218 share the same footprint, the first and second storage drives 212 and 220 may be the
same length and both be retained by the same storage drive retainer 204, To align the fisst and
second storage drive connectors 210 and 2138 such that they share the same footprint, the riser
board 202 may further mclude g hrst and second shignment apertare, the axes of which are
iHustrated by dashed hines 222 and 224, respectively, i Fig. 2B, The first storage drive
comnector 216 may mchade a first alignment peg 209 and a second alignment peg 211, each of
which may be a ovlinder extending from a bottom surface of the fivst storage drtve connector
210, The first and second alignment pegs 209 and 211 may be to extend mto the corresponding
ahgnment apertures 322 and 224 on the riser board 202 m order o fix the position of the first
storage drive connector 210 on the riser board 202, Simularly, the second storage drive
connector 218 may include first and second alignment pegs 221 and 219, respectively,

[8036] In some implementations, each first alignment peg 209 and 221 may be larger in
drameter than the corresponding second alignment pegs 211 and 219, This may be to enswre the
correct alignment direction of the first and second storage drive connectors 210 and 218 on the
riser hoard 202, The riser board 202 may, thus, include first and second alignment apertures 222
and 224 that each mclude a vounterbore. The counterbores may be oppositely-oriented on the

river board 202 such that the Hrst alignment apertare 222 has a counterbore that can receive the
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first alignment peg 209 of the first storage drive connector 210, Simularly, the second abignment
aperture 224 may mclude a counterbore that can receive the Grst alignment peg 221 of the
second storage doive connector 218, as tlustrated mn Fig. 2B, Further, the first and second
alignment apertutes 222 and 224 may each further mclude a through hole that is coaxial with the
assoctated counterbore. As lustrated m Fig. 28, the through hole of the first alignment apertins
222 may be to receive the second alipnment peg 219 of the second storage drive connector 218
and the through hole of the second alignment aperture 224 mav be to receive the second
alignment peg 211 of the first storage drive conngctor 21

[o031] Referring now to Fig. 3, a perspective view of an example storage drive retamer
304 for use with an example storage dove riser is illustrated,  Storage drive retainer 304 may be
similar fo storage drive retainer 104 or 204, Further, the similarly named elements of storage
drive retainer 304 mayv be similar in function to the elements of storage drive retainer 104 or 204,
as they are described above. The storage drive retamner 304 may tnclude a retention nut 314 and
a retention stud 316 to insertably engage with the retention nut 314 through a retention aperture.
The retention nut 314 may mclude an engagement barrel 328 and a spacer portion 330 disposed
at one end of the engagement barrel 328, The engagement barrel 328 may he a ¢ylinder, in some
anplementations. The engagement barrel 328 may include an inner bore, which, i some
inplementations, may be a blind hole extendmg mto the engagement barrel 328, along the
engagement barrel 328 axis, from the spacer portion 330, In further implementations, the mner
bore may be a through hole extending through the entire retention nut 314,

jan32] The retention mut 314 may further wclude a frst shoulder portion 336 extending
axtally away from the spacer portion 330, up the engagement barrel 328, The furst shoulder
portion 336 may be a cylinder sharing an axis with the engagement barrel 328 and may extend
racdially from the engagement barrel 328, e g., the first shoulder portion 336 may have a larger
diameter that the engagement barrel 328, Fuarther, the spacer portion 338 may have a diameter
that 15 less than the diameter of the retention aperture, while the first shoulder portion 336 may
have a diameter that 1s greater than the diameter of the retention aperture.

[6033] Addiionally, the retention nat 314 may mcloade a furst retention protrusion 334
extending radially from the engagament barrel 328, In some mplementations, the first retention
protrusion 334 may extend continuously along the circumference of the engagement barrel 328

for 180 degrees or less. The first retention protrusion 334 may further be axally set apart from
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the first shoulder portion 336, along the axis of the engagement barrel 328, The first retention
protrosion 334 may be axnially set apart from the first shoulder portion 336 such that a first
retention notch 335 i defined 1 between the Hrst shoulder portion 336 and the first retention
protrusion 334, A portion of a storage diive may be disposed m the retention notch 333
batween the first shoulder portion 336 and the retention protrusion 334, in some
nplementations, the retention noteh 335 may be able to sccommodate the retention catout on a
M.2 NGFF solid state storage drive in between the first shoulder portion 336 and the first
retention protraston 334,

[0034] Referring still to Fig, 3, the storage drive retamer 304 may include a retention stud
316 to insertably engage with the retention nut 314, The retention stud 316 may insertably
gngage with the retention nut 314 such that the retention stud 316 and the retention nut 314 may
rotate refative to each other, along the axis of the engagement barrel 328, The retention stud 316
may inclode an engagement pin 332 o engage with the engagement barrel 328, In some
mmplementations, at least a portion of the engagement pin 332 may be to insert into the
engagement barvel 3280 In further oplementations, the engagement pin 332 may be at least
partially cylindrical and may be to mnsert into the inner bore of the engagement barrel 328, The
retention stud 316 may further include a second shoulder portion 338, the second shoulder
portion 338 extending axially along and radially from the engagement pin 3320 o some
tmplementations, the second shoulder portion 338 may share a cyvlindrical axis with at least pant
of the engagement pin. The retention stud 316 may Aurther wmclude a second retention protrusion
340 extending radially from the engagement pin 332 and axially set apart from the second
shoalder portion 338, In some mmplementations, the second retention protrusion 340 may extend
continuoushy along the circumference of the engagement pin 332 for 180 degrees or less. The
second retention protrasion 340 may be axially set apart from the second shoulder portion 338
such that a second retention notch 339 18 defined m between the second shoulder portion 338 and
the second retention prolrusion 340, In some implementations, the second shoulder portion 338,
the second retention notch 339, and the second retention protrusion 340 may be sunilar to the
first retention protrasion 334, the first retention notch 333, and the tirst shoulder portion 336,
respectively.

[8035] Referring now to Fig. 44 a perspective exploded view of a storage drive retamer

404 for use with an example storage drve nser 15 tlusirated. Storage drive retainer 404 may be
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sinlar o storage drive retainer 104, 204, or 304, Further, the sunilarly named elements of
storage drive retamer 404 may be similar in function to the elemenis of storage drive retainer
104, 204, or 304, as they are deseribed above. The storage drive retamer 404 may molude a
retention nut 414 and a retention stud 416, The retention nut 414 may mnclude an engagement
barrel 428, the engagement barrel 428 mcluding a female threaded portion 444, Sinularly, the
retention stud 416 may include an engapgement pin 432, the engagement pin 432 meluding a male
threaded portion 450, The male threaded portion 4530 may be to engage with the female threaded
portion 444 along an engagement axis 446,

[0a36] The retention stud 416 and the retention nut 414 may sach further inchude at least
one detent protrusion 448, In some implementations, only the retention nut 414 or the retention
stud 416 may mclude at least one detent protrusion 448, In further mplementations, both the
retention stud 416 and the retention nut 414 may each inclade multiple detent protrusions 448,
Each detent protrusion 448 on the retention nut 414 may be disposed on a first shoulder portion
436, and extend out from the shoulder portion 436 along the engagement barrel 428 and parallel
o the engagement axis 446, ag shown in Fig. 4A. Smularly, each detent protrusion 448 on the
retention stud 416 may be disposed on a second shoulder portion 438, and extend out from the
shoulder portion 438 along the enpagement pin 432 and paraliel to the enpagement axis 446,

{0037} Referring addmionally to Fig. 4B, the retention nut 414 and the retention stud 416
may engage through 8 retention aperture 408 m a riser board 402 of an example storage drive
riser. Fig 4B 18 o detart view of such a riser board 402, mncluding a retention aperture 408,
When the retention stud 416 and the retention not 414 are being engaged with one another, the
male and female threaded portions 450 and 444, respectively, may urge the retention stud 416
and the retention nut 414 towards each other along engagement axis 446, and towards the riser
board 402, Once engaged, the storage duve retamer 404 may sandwich the riser board 402 m
betwesn the retention nat 414 and the retention stud 416, as mentioned above regarding Figs.
1A-B. The retention nut 414 and the retention stud 416 may each be rotated around the
engagement axis 446 to retam one or two storage drrves to the riser board 402, also as mentioned
above regarding Figs. 1C-D and 2A. The storage drive retainer 404 mav fariher be vertically
adjustable along the engagement axis 446 by rotating the retention nut 414 andfor the retention
stud 416 such that the male and female threaded portions 450 and 444 migract m an wnthreadimg

of loosemng fashion. The storage drive retamner 404 may be vertically adjusted along the
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engagemant axis in order for the retamer 404 to accommuadate a riser board 402 of a different
thickness.

6038 Additionally, the first and second shoulder portions 436 and 438, respectively,
may be urged towards opposite sides of the riser board 402 until the detent protrusions 448 sach
engage with a detent cutout 452, Each retention aperture 408 may inchude at least one detent
cutont 452, each detent cutont 4352 being an aperture or ortfice n the niser board 402 and also
being adjacent to the retention aperture 408, In some implementations, the detent cutouats 432
may extend the entire way through the niser board 402, The detent cutouts 452, in further
implementations, may be semi-circular cutouts in the riser hoard 402, In some implementations,
the detent cutouts 452 may be oriented in a complementary fashion to the onentation of the
detent profrusions 448, and sized such that each cutout 452 can receive a detent protrusion 448,
Each detent cutont 452 may recetve a detent protrusion 448 such that the detent protrusion 448
nests within the detent cutout and prevents the corresponding refention nut 414 or retention stud
416 from rotating further in a tightening fashion. The engagement of the detent protrusions 448
within the detent cotouts 452 may also prevent the accidentsl rotation of the retention mut 414
and stud 416 in a loosemny fashion. In some implementations, the detent cutouts 432 may be

ortented around the circumference of the retention aperture.
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CLAIMS
What is clabmed ix:

i A storage drive riser, comprismg
a riser board, mcloading:
an edge connector;
a storage drive connector to operably engage with a storage drive: and
g retention aperture longudinally aligned with the starage drive
connector; and
a stovage drive retainer to inserfably engage wath the retention apertiue and o

retain the storage drive o the niser board with a retention protrasion.

2. The starage drive riser of claim 1, wheremn the storage drive retainer includes a retention
nut and a retention stud to isartably engage with the reteniion nul, the retention nut and the
retention stud each having a retention protrusion capable of retaining the storage drive to the
riser board when the retention protrusion is facing the storage drive connector.

3. The storage drive riser of clamm 2, wherein the storage dove retarner 15 to no longer retain
the storage drive to the riser board upon rotating the storage drrve retaner so that the retention

protrusion faces away from the storage drive connector,

4, The storage drive riser of claim 3, wherein the storage drive s g M.2 Next Generation
Form Factor (NGFF) storage drive, the retention protrusion to engage with a retention cutout on

the M.2 NGFF solid state storage drive.

5. A storage drive riser, comprising:
a viser board, mchiding:
an edge connector;
a first storage drive connector to engage with a first storage drive;
a second storage drive conpector to engage with a second storage drive,
wherein the first and second storage drive connectors are disposed on

oppostte sides of the riser board; and
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a retention aperture extendmg through the niser board; and
a8 storage drive retainer to extend through the refention apertwre such that the

storage drive retainer retams the Hrst and second storage drives to the niser board.

6. The storage drive riser of claim 3, wherein the niser board further includes a plurality of
retention apertures, wherein the retention apertures gre longitudinally aligned with each other
along the riser board.

7. The storage drive riser of claim 6, wherein the retention apertures gach include at least

one detent cutout,

8. The storage drive riser of claim 6, wherein the storage drive retainer is engageable with

any of the plurality of retention apertures.

9. The storage drive riser of claim 5, wherein the first and second storvage drive connectors

share the same footprint on the vser board,

1), The storage drive riser of clamm 5, wheremn each storage drive connector s to engage with

ant M2 Next Generation Form Factor (NGFF) storage drive,

1 A storage dove retaner to engape with a storage drive riser, comprising
a retention mut, mehuding:
an engagement barrei;
a spacer portion disposed at one end of the engagement barrel;
a first shoulder portion extending axtally from the spacer portion and
extending radially from the engagement barrel; and
a first retention protrusion extending radially from the engagement barrel
and axally set apart from the first shoutder portion; and
a retention stad, includimg:

an engagement pin to msert uio the engagement barrel;
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a sevond shoulder portion extending axially along and radially from the
engagement pin; and

g sevond retention protrusion extending radially from the engagement pun
and axially set apart from the second shoulder portion,
wheremn the retention stud is to msertably engage with the retention nut through a

retention aperture disposed on a riser board of the storage drive viser,

12, The storage drive retainer of claim 11, wherein the first and second retention portions
extend circumferentially and continuously for 180 degrees or less around the engagement barrel

and the engagement pin, respectively.

13, The storage drive retainer of clam 11, wheremn the engapement barrel includes a female
threaded portion and the engagement pin includes a male threaded portion to engage with the

female threaded portion.

14, The storage drive retainer of clamm 11, wherein the retention nut tncludes at Teast one

detent protrusion extending from the first shoulder portion along the engagement barrel, and the
retention stud mcludes at least one detent protrasion extending from the second shoulder portion
along the engagement pin, the detent protrusions to each engage with a detent cutout on the riser

board.

15, The storage drive retainer of claym 11, wheremn the first and second retention protrusions

each can engage a retention cutout 1 a M2 NGFF sohd state storage dnive.
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