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IN-LINE MEMORY MODULE CARRIER FOR AN M.2 FORM FACTOR
MODULE

Background

[0001] Computers and computer systems, such as servers, house many
electronic devices, such as circuit boards, processors, memory devices, power
supplies, and cooling fans, within a limited amount of space. Spare space interior to
such systems is generally limited. As a result, in the limited spare space that does

exist, tradeoffs may be made based on the dimensions of various devices.

Brief Description of the Drawings

[0002] Figure 1 illustrates a diagram of an example of an in-line memory
module carrier, according to the present disclosure.

[0003] Figure 2 further illustrates a diagram of an example of an in-line
memory module carrier, according to the present disclosure.

[0004] Figure 3 illustrates an example of an in-line memory module carrier
system, according to the present disclosure.

[0005] Figure 4 illustrates a diagram of an example of SATA connections used
in an in-line memory module carrier system, according to the present disclosure.
[0006] Figure 5 illustrates a diagram of an example of PCle connections used
in an in-line memory module carrier system, according to the present disclosure.
[0007] Figure 6 illustrates a block diagram of an example system for
implementing an in-line memory module carrier for an M.2 form factor module,

according to the present disclosure.
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Detailed Description

[0008] Customers are adopting M.2 media for servers as well as higher
performing personal system workloads. M.2 media, also known as Next Generation
Form Factor (NGFF) media, can allow for fast, cheap, and mirrored boot compared
to standard spinning media or Serial Advanced Technology Attachment (SATA) hard
drives. Cheaper boot options help to drive down total cost of ownership for servers.
[0009] Currently, M.2 modules may be plugged in directly to an M.2 connector
on a motherboard or mounted on Peripheral Component Interconnect Express
(PCle) cards. This takes up valuable motherboard space and/or valuable slot space
on the motherboard. Some dense servers such as blades servers do not support
slots for standard PCle cards, so PCle cards are not even an option for them.
Additionally, having M.2 modules plug directly into the motherboard limits the
number of M.2 modules that can be installed in the system.

[0010] In contrast, by using in-line memory module connectors, such as dual
in-line memory module (DIMM) connectors, single in-line memory module (SIMM)
connectors, or the like, to connect M.2 modules according to the present disclosure,
larger (e.g., 22x80 mm, 21x110 mm or larger, for example) M.2 modules can be
incorporated into the server system where they previously may not have been able
to fit. Further, by using in-line memory module connectors to connect M.2 modules
according to the present disclosure, can improve the overall performance of the
server system relative to traditional server systems.

[0011] An in-line memory module carrier for an M.2 form factor module in
accordance with the present disclosure can allow unused in-line memory module
connectors on the motherboard to connect an M.2 module. Using the in-line memory
module carrier for an M.2 form factor module can allow more M.2 modules to be
integrated into the server. Further, an in-line memory module carrier for an M.2 form
factor module in accordance with examples of the present disclosure, does not
require any cables to connect the M.2 modules and can connect a standard M.2 form
factor module, as described further herein. However, in some examples, a separate
cable can be used to connect the M.2 modules for various signals, such as high

speed signals.
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[0012] Figure 1 illustrates a diagram of an example of an in-line memory
module carrier 100, according to the present disclosure. The in-line memory module
carrier 100 can include a circuit board 101 having an in-line memory module form
factor to receive an M.2 form factor module 103. In some examples, the circuit
board 101 can be a printed circuit board (PCB), although examples are not so
limited. As used herein, a form factor is a specification of a particular circuit board,
including the dimensions, power supply type, location of mounting holes, and/or
number of ports, among other specifications. That is, an in-line memory module
form factor can refer to a specification commonly used for in-line memory modules.
Examples of an in-line memory module form factor can include 38mm and/or 43mm
Single Data Rate Synchronous Dynamic Random Access Memory (SDR DRAM) in-
line memory modules, Low Profile (LP) 30mm in-line memory modules, Very Low
Profile (VLP) 18mm in-line memory modules, 30mm Double Data Rate (DDR)2 and
DDRS3 in-line memory modules, 31mm DDR4 in-line memory modules, and/or 19mm
VLP DDR4 in-line memory modules, among others. While examples are provided
herein, describing form factors for various DDR in-line memory modules, examples
are not so limited and can include in-line memory modules other than those listed,
such as DDRS.

[0013] The circuit board 101 can be configured to receive an M.2 form factor
module 103. For example, the circuit board 101 can be configured to receive an M.2
form factor module 103 installed by a user. The circuit board 101 can have multiple
screw holes to allow for varying sizes of M.2 form factor modules to be attached.
The circuit board 101 can allow for any size M.2 form factor module 103 to be
attached, such as 22x42mm M.2 modules, 22x60 M.2 modules, 22x80mm M.2
modules, and/or 22x110 M.2 modules, among others. In such examples, a user can
add and/or remove the M.2 form factor module 103 as needed, and/or add additional
M.2 form factor modules, as discussed further herein. Examples are not so limited,
however, and the circuit board 101 can be prefabricated to include an M.2 form
factor module 103 already installed.

[0014] The in-line memory module carrier 100 can also include an edge
interface 113 along a longitudinal edge 105 of the circuit board 101 for coupling the
circuit board 101 to a host connector 107. A host connector can refer to a connector
or slot coupled to a motherboard, where the host connector is configured to transmit

information and/or power between the motherboard and a circuit board inserted in
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the host connector. In some examples, as further discussed in relation to Figure 3,
the host connector 107 can be an in-line memory module slot.

[0015] As illustrated in Figure 1, the in-line memory module carrier 100 can
also include a power regulator 109. The power regulator 109 can refer to a voltage
regulator and/or other device that is capable of reducing power provided to a
component in the server system. For example, the power regulator 109 can receive
a first voltage from the host connector 107 and convert the first voltage to a second
voltage that is different (e.g., less) than the first voltage. The second voltage can be
provided to the M.2 form factor module 103, as discussed further herein. For
instance, the power regulator 109 can receive a first voltage of 12 volts (V) from the
host connector 107, and can convert the first voltage to a second voltage of 3.3 volts.
However, examples are not so limited and the power regulator 109 can regulate the
voltage received from the host connector 107 to other voltages suitable for the M.2
form factor module 103. By utilizing the power regulator 109, the M.2 form factor
module 103 can plug into an empty in-line memory module connector (e.g., 107) and
utilize the existing power interface to the in-line memory module connector, such as
a 12V power interface in a DDR4 form factor, the necessity for a dedicated power
connector for the M.2 form factor module 103 can be eliminated.

[0016] Electrical contacts on the edge interface 113 of the circuit board 101
can transmit power between the M.2 form factor module 103 and the host connector
107. For instance, the longitudinal edge 105 can include a plurality of electrical
contact pads, or “gold fingers” that allow for the transmission of information between
the circuit board 101 and a motherboard. The in-line memory module carrier 100
can be coupled to the host connector 107 by inserting the in-line memory module
carrier 100 into the host connector 107. Coupling the in-line memory module carrier
100 to the host connector 107 can include coupling an edge connector of the circuit
board 101 to a number of contacts that are part of the host connector 107. Coupling
the in-line memory module carrier 100 to the host connector 107 can give a
computing device access to the memory that is associated with the in-line memory
module carrier 100. While Figure 1 illustrates an M.2 form factor module 103 one
side of the circuit board 101, examples are not so limited, and additional M.2 form
factor modules can be attached to the circuit board 101, as discussed further in

relation to Figure 2.
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[0017] In some examples, the circuit board 101 can be configured to receive
the M.2 form factor module 103 parallel to a plane formed by the longitudinal edge
105 and a short edge 111 of the circuit board 101 transverse to the longitudinal edge
105. For example, the longitudinal edge 105 and the short edge 111 of the circuit
board 101 can define a plane of the circuit board 101 having a top surface and a
bottom surface. The circuit board 101 can receive the M.2 form factor module 103
on the top surface and/or the bottom surface of the circuit board 101, as described
further in relation to Figure 2.

[0018] Figure 2 further illustrates a diagram of an example of an in-line
memory module carrier 200 according to the present disclosure. As illustrated in
Figure 2, the in-line memory module carrier 200 can be configured to receive a
plurality of M.2 form factor modules 203-1, 203-2, collectively referred to as M.2 form
factor modules 203. In such examples, the circuit board 201 can be configured to
receive M.2 form factor modules 203 on each of the top surface 215-1 and the
bottom surface 215-2. As such, the top surface 215-1 and the bottom surface 215-2
of the circuit board 201 can each include an electrical contact to receive an M.2 form
factor module 203-1 and 203-2, respectively. While Figure 2 illustrates a single M.2
form factor module installed on each surface of the circuit board 201, examples are
not so limited. The circuit board 201 can receive more or fewer M.2 form factor
modules than illustrated in Figures 1 and 2. As illustrated in Figure 2, an M.2 form
factor module can be connected on each side of the circuit board 101. Circuit board
101 can have multiple screw holes to allow for varying sizes of M.2 form factor
modules. For instance, any M.2 form factor module size can be supported such as
22x42mm, 22x60mm or 22x80mm and 22x110mm. Therefore, the in-line memory
module carrier 200 is not limited to a single size of M.2 form factor module, and
different M.2 form factor modules can be added and/or removed depending on
procurement needs and pricing as different options come to market.

[0019] In some examples, the overall thickness “h” of the circuit board 201
and the M.2 form factor modules 203 can be less than a threshold thickness. For
instance, the thickness “h” of M.2 form factor module 203-1, circuit board 201, and
M.2 form factor module 203-2 can be less than or equal to the distance between
adjacent in-line memory module slots having M.2 form factor modules attached, such

as 7.3mm.
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[0020] The circuit board 201 can also include contacts to receive the M.2 form
factor modules 203. For instance, the circuit board 201 ¢an include a contact on
each of a first surface 215-1 of the plane and a second surface 215-2 of the plane
opposite of the first surface, where each contact receives a respective M.2 form
factor module 203. In some examples, the contact can be a contact that is
perpendicular (e.g., orthogonal) to the plane of the circuit board 201, such as
contacts 217-1 and 217-2 illustrated in Figure 2.

[0021] As illustrated in Figure 2, each M.2 form factor module 203-1 and
203-2 can connect to the circuit board 201 via contacts 217-1 and 217-2 on the
circuit board 201. In some examples, the contacts 217-1 and 217-2 can be female
contacts that receive and secure the M.2 form factor modules 203-1 and 203-2 to the
circuit board 201. In other words, the M.2 form factor modules 203-1 and 203-2 can
be inserted and/or removed from the circuit board 201 by connecting and detaching
the M.2 form factor modules 203-1 and 203-2 from the contacts 217-1 and 217-2,
respectively. For example, the M.2 form factor modules can be inserted into the
contacts 217-1 and 217-2 in a direction parallel to the plane, parallel to the
longitudinal edge (e.g., longitudinal edge 105 as illustrated in Figure 1) and
perpendicular to the short edge (e.g., short edge 111 illustrated in Figure 1).

[0022] As illustrated in Figure 2, in some examples, the contacts 217-1 and
217-2 can be raised connectors, in that each contact extends outward from the
surface of the circuit board 201. Each of the contacts 217-1 and 217-2 can transmit
information between the M.2 form factor modules 203-1 and 203-2 (respectively),
and the host connector 207.

[0023] Figure 3 illustrates an example of an in-line memory module carrier
system 302 according to the present disclosure. As illustrated in Figure 3, the in-line
memory module carrier system 302 can include a circuit board 301 having an in-line
memory module form factor configured to receive a memory module 303, as
described in relation to Figures 1 and 2. The circuit board 301 can be analogous to
the circuit board 101 described in relation to Figure 1 and circuit board 201 described
in relation to Figure 2. Also, the in-line memory module carrier system 302 can
include a second circuit board 304. The second circuit board 304 can further include
an in-line memory module slot 307 to receive the circuit board 301. As used herein,
an in-line memory module slot can refer to a specialized memory slot on the

motherboard that supports a variety of memory types, including DDR, DDR2 and
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DDR3 RAM, among others. The in-line memory module slot 307 can be analogous
to the host connector 107 illustrated in Figure 1.

[0024] The in-line memory module carrier system 302 can include a sensing
interface 308 to sense a type of memory module coupled to the circuit board 301.
For example, in response to insertion of the circuit board 301 (e.g., a first circuit
board) in the in-line memory module slot 307, the sensing interface 308 can detect
whether a memory module is coupled to the circuit board 301, and if so, what type of
memory module is coupled to the circuit board 301. If an M.2 module, such as the
M.2. form factor module 303, is coupled to the circuit board 301, then the sensing
interface 308 can detect the presence of the M.2 form factor module 303.
Additionally and/or alternatively, the sensing interface 308 can detect that an M.2
form factor module is not connected to the circuit board 301, as discussed further
herein. In some examples, the sensing interface 308 can be an inter-integrated
circuit (1I2C). In such examples, the 12C signals can connect to a serial presence
detect (SPD) on an in-line memory module carrier 300 without an M.2 form factor
module 303, or a field replaceable unit (FRU) device on an in-line memory module
carrier 300 with an M.2 form factor module 303. The in-line memory module carrier
300, in some examples, can have a contact structure that conforms to existing
standards for transmitting power and information to and/or from the in-line memory
module 307.

[0025] The in-line memory module carrier system 302 can also include a
multiplexor 310. As used herein, a multiplexor is a device that selects one of several
analog or digital input signals and forwards the selected input to a single line. The
multiplexer 310 can transmit information between the in-line memory module slot
307 and one of a volatile memory controller 312 and a non-volatile memory controller
314 based on the type of memory module sensed by the sensing interface 308. For
example, the default connection on the multiplexor 310 can be to enable DDR
signaling. If an M.2 form factor module 303 is connected to the first circuit board
301, then the multiplexor can connect the non-volatile memory controller 314 signals
to the circuit board 301. Conversely, if the M.2 form factor module 303 is not
connected to the circuit board 301, then the volatile memory controller 312 signals
can be connected to the circuit board 301. As used herein, a memory controller
refers to a digital circuit that manages the flow of data going to and from the

computer’s main memory. A non-volatile memory controller refers to a controller that
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manages the flow of data going to and from a non-volatile memory module. A
volatile memory controller refers to a controller that manages the flow of data going
to and coming from a volatile memory module.

[0026] For example, the second circuit board 304 can comprise a
motherboard that further includes a volatile memory controller 312 and a non-volatile
memory controller 314. The non-volatile memory controller 314 can be one of a
SATA controller and PCle controller. In response to detecting that the M.2 form
factor module 303 is connected to the circuit board 301, signals can be sent via the
multiplexor to the non-volatile memory controller 314 (e.g., the SATA controller or the
PCle controller). In contrast, in response to not detecting that the M.2 form factor
module 303 is connected to the circuit board 301, signals can be sent via the
multiplexor to the volatile memory controller 312.

[0027] The M.2 form factor module 303 can use either a SATA or PCle
interface, among other types of non-volatile memory interfaces. When the M.2 form
factor module 303 is using the SATA interface, a transmit and receive differential pair
is used from the chipset or other SATA controller. Similarly, when the M.2 form
factor module 303 is using the PCle interface, transmit and receive differential pairs
along with a reset and a 100MHz differential clock are used. PCle controllers may
be found in the central processing unit (CPU) or chipset and a clock chip may be
used to provide the 100MHz clock.

[0028] In examples of the present disclosure, SATA and/or PCle signals can
be multiplexed with other signals that are used by the DDR interface. The default
connection on the multiplexor 310 can be to enable DDR signaling. For example,
unless the sensing interface 308 senses that an M.2 form factor module 303 is
coupled to the circuit board 301, the multiplexor will enable DDR signaling and
transmit signals to the volatile memory controller 312, such as a DDR4 controller. In
some examples, if the sensing interface 308 senses that an M.2 form factor module
is coupled to the circuit board 301, the multiplexor 310 can enable SATA or PCle
signaling and transmit signals to a non-volatile memory controller 314.

[0029] The multiplexor 310 can transmit and/or receive signals between the
non-volatile memory controller 314, the volatile memory controller 312, and the in-
line memory module slot 307. For instance, the multiplexor 310 can multiplex
transmit and receive differential pair signals between the non-volatile memory

controller 314 and the in-line memory module slot 307. Similarly, the multiplexor 310
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can multiplex signals between the volatile memory controller 312 and the in-line
memory module slot 307.

[0030] In an example, the non-volatile memory controller 314 can be a PCle
controller. In such an example, the multiplexor 310 can multiplex transmit and
receive differential pair signals between the non-volatile memory controller 314 (e.g.,
the PCle controller) and the in-line memory module slot 307, and multiplex a reset
signal between a processing resource (not shown in Figure 3) and the in-line
memory module slot 307. Additionally, when an M.2 form factor module 303 is
connected to the circuit board 301, the multiplexor 310 can multiplex a differential
clock signal between a clock circuit (not shown in Figure 2) and the in-line memory
module slot 307.

[0031] Figure 4 illustrates a diagram of an example of SATA connections used
in an in-line memory module carrier system, according to the present disclosure.
Specifically, Figure 4 illustrates SATA connections to a DDR connector (e.g. host
connector 107 illustrated in Figure 1, and host connector 307 illustrated in Figure 3).
As illustrated in Figure 4, the multiplexor 410 can multiplex signals between a DDR4
connector 407, and a SATA controller 414. As discussed in relation to Figures 1-4,
the multiplexor 410 would multiplex signals to the SATA controller 414 in response to
detecting an M.2 form factor module (e.g., M.2 form factor module 103) attached to
the circuit board (e.g., circuit board 101).

[0032] As illustrated in Figure 4, the multiplexor 410 can multiples a number of
signals between the DDR4 connector 407 and the SATA controller 414. For
instance, the multiplexor 410 can multiplex a SATA transmission differential signal
(SATA TX DN and SATA TX DP, illustrated in Figure 4). Further, the multiplexor 410
can multiplex a SATA receive differential signal (SATA RX DN and SATA RX DP,
illustrated in Figure 4).

[0033] Also, as illustrated in Figure 4, the multiplexor 410 can send and/or
receive signals from the sensing interface (e.g., sensing interface 308 illustrated in
Figure 3). Forinstance, the sensing interface 308 can include an SPD. The SPD
can have three signals, illustrated as SAO, SA1, and SA2, as well as a ground,
illustrated as GND, which can transmit signals to the multiplexor 410. The SAOQ,
SA1, and SA2 signals can be transmitted to the multiplexor 410 indicating a type of
memory module that is connected to the in-line memory module carrier. Additionally,

the multiplexor 410 can receive a control signal, illustrated as CTRL in Figure 4.
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[0034] Figure 5 illustrates a diagram of an example of PCle connections used
in an in-line memory module carrier system, according to the present disclosure.
Specifically, Figure 5 illustrates PCle connections to a DDR connector (e.g. host
connector 107 illustrated in Figure 1, and host connector 307 illustrated in Figure 3).
As illustrated in Figure 5, the multiplexor 510 can multiplex signals between a DDR4
connector 507, and a PCle controller 514. As discussed in relation to Figures 1-4,
the multiplexor 510 would multiplex signals to the PCle controller 514 in response to
detecting an M.2 form factor module (e.g., M.2 form factor module 103) attached to
the circuit board (e.g., circuit board 101).

[0035] As illustrated in Figure 5, the multiplexor 510 can multiplex a number of
signals between the DDR4 connector 507 and the SATA controller 514. Notably,
many of the same signals from the DDR4 connector 507 can be used for PCle
signaling, as compared to SATA signaling, as illustrated in Figure 4. For instance,
signals 140, 139, 238 and 239 on the DDR4 connector 507 can send and receive
signals to and/or from the multiplexor 510, regardless of the interface to which the
multiplexor 510 sends signals. However, if the multiplexor 510 multiplexes signals to
the PCle controller 514, as illustrated in Figure 5, additional signals 57, 58, and 78
on the DDR4 connector 507 may be used.

[0036] The multiplexor 510 can multiplex a number of signals to the PCle
controller and other devices. For instance, the multiplexor 510 can multiplex a PCle
transmission differential signal (PCle TX DN and PCle TX DP, illustrated in Figure
5). Further, the multiplexor 510 can multiplex a PCle receive differential signal (PCle
RX DN and PCle RX DP, illustrated in Figure 5).

[0037] Also, as illustrated in Figure 5, the multiplexor 510 can send and/or
receive signals from the sensing interface (e.g., sensing interface 308 illustrated in
Figure 3). For instance, the sensing interface 308 can include an SPD. The SPD
can have three signals, illustrated as SAO, SA1, and SA2, as well as a ground,
illustrated as GND, which can transmit signals to the multiplexor 510. The SAOQ,
SA1, and SA2 signals can be transmitted to the multiplexor 510 indicating a type of
memory module that is connected to the in-line memory module carrier. Additionally,
the multiplexor 510 can receive a control signal, illustrated as CTRL in Figure 5.
[0038] In comparison to the SATA signaling illustrated in Figure 4, PCle
signaling can include additional clock, reset, and event signals. For instance, as

described in relation to Figure 3, when the M.2 form factor module 303 is using the
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PCle interface, transmit and receive differential pairs along with a reset and a
100MHz differential clock is used. Accordingly, the multiplexor 510 can multiplex a
100MHz differential clock signal (CLK 100 DN and CLK 100 DP, illustrated in Figure
5), a DDR4 reset signal (DDR4 RESET N, illustrated in Figure 5), and a DDR4 event
signal (DDR4 EVENT N, illustrated in Figure 5). Further, the multiplexor 510 can
multiplex a PCI RST signal (PCI RST N, illustrated in Figure 5).

[0039] Figure 6 is a block diagram of an example system 619 for implementing
an in-line memory module carrier for an M.2 form factor module, according to the
present disclosure. System 619 may include at least one computing device that is
capable of communicating with at least one remote system. System 619 may be
similar to system 302 of Figure 3, for example. In the embodiment of Figure 6, system
619 includes a processor 621 and a machine-readable storage medium 623. Although
the following descriptions refer to a single processor and a single machine-readable
storage medium, the descriptions may also apply to a system with multiple processors
and multiple machine-readable storage mediums. In such examples, the instructions
may be distributed (e.g., stored) across multiple machine-readable storage mediums
and the instructions may be distributed (e.g., executed by) across multiple processors.
[0040] Processor 621 may be one or more central processing units (CPUs),
microprocessors, and/or other hardware devices suitable for retrieval and execution of
instructions stored in machine-readable storage medium 623. In the particular
embodiment shown in Figure 6, processor 621 may fetch, decode, and execute
instructions 626, 627, 628 for implementing an in-line memory module carrier for an
M.2 form factor module. As an alternative or in addition to retrieving and executing
instructions, processor 621 may include one or more electronic circuits comprising a
number of electronic components for performing the functionality of one or more of the
instructions in machine-readable storage medium 623. With respect to the executable
instruction representations (e.g., boxes) described and shown herein, it should be
understood that part or all of the executable instructions and/or electronic circuits
included within one box may, in alternate embodiments, be included in a different box
shown in the figures or in a different box not shown.

[0041] Machine-readable storage medium 623 may be any electronic, magnetic,
optical, or other physical storage device that stores executable instructions. Thus,
machine-readable storage medium 623 may be, for example, Random Access

Memory (RAM), an Electrically-Erasable Programmable Read-Only Memory
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(EEPROM), a storage drive, an optical disc, and the like. Machine-readable storage
medium 623 may be disposed within system 619, as shown in Figure 6. In this
situation, the executable instructions may be “installed” on the system 619.
Alternatively, machine-readable storage medium 623 may be a portable, external or
remote storage medium, for example, that allows system 619 to download the
instructions from the portable/external/remote storage medium. In this situation, the
executable instructions may be part of an “installation package”. As described herein,
machine-readable storage medium 623 may be encoded with executable instructions
for implementing an in-line memory module carrier for an M.2 form factor module.
[0042] Referring to Figure 6, sensing a type of a memory module instructions
626, when executed by a processor (e.g., 621), may cause system 619 to sense, using
an inter-integrated circuit (12C), a type of a memory module coupled to a first circuit
board, wherein the first circuit board has an in-line memory module form factor and
receives the memory module. For instance, the machine readable storage medium
623 can store instructions that when executed by the processor 621, can sense
whether an M.2 form factor module (e.g., M.2 form factor module 103 illustrated in
Figure 1) is coupled to the circuit board (e.g., circuit board 101 illustrated in Figure
1).

[0043] Receiving data signals from a multiplexor instructions 627, when
executed by a processor (e.g., 621), may cause system 619 to receive data signals
from a multiplexor on a second circuit board, in response to insertion of the first
circuit board in a connector of the second circuit board. For example, the machine
readable storage medium 623 can store instructions that when executed by the
processor 621, can receive signals from the multiplexor (e.g., multiplexor 310
illustrated in Figure 3) on a motherboard (e.g., board 304), indicating that a circuit
board (e.g., circuit board 301 illustrated in Figure 3) has been inserted into a
connector (e.g., host connector 307 illustrated in Figure 3) on the motherboard.
[0044] Directing data signal instructions 628, when executed by a processor
(e.g., 621), may cause system 619 to direct, using the multiplexor, the data signals to
either SATA circuitry or PCle circuitry based on the type of the memory module
coupled to the first circuit board. For instance, as discussed in relation to Figures 1-
5, the multiplexor (e.g., multiplexor 310 illustrated in Figure 3) can direct signals from
the connector (e.g., host connector 307 illustrated in Figure 3) to a SATA connector

or a PCle connector (such as non-volatile memory controller 314 illustrated in Figure



WO 2016/122461 PCT/US2015/013080
13

3) rather than to a volatile memory controller (such as volatile memory controller 312
illustrated in Figure 3) if an M.2 form factor module is connected to the circuit board.
[0045] In some examples, the machine readable storage medium 623 can
store instructions that when executed by the processor 621can adjust a fan speed
based on the type of memory module coupled to the circuit board. For instance, if an
M.2 form factor module (e.g., M.2 form factor module 303 illustrated in Figure 3) is
connected to the circuit board (e.g., circuit board 301 illustrated in Figure 3), the fan
speed in the in-line memory module carrier system 302 can be reduced.

[0046] Additionally, the machine readable storage medium 623 can store
instructions that when executed by the processor 621 can receive a first voltage from
the second circuit board (e.g., motherboard 304 illustrated in Figure 3), convert the
first voltage to a second voltage lower than the first voltage, and supply the second
voltage to the memory module, in response to sensing that the memory module is an
M.2 form factor module. For instance, referring to Figure 3, a first voltage of 12V can
be received by the circuit board 301 from the motherboard 304, and can be
converted to a second voltage of 3.3V, in response to sensing that the M.2 form
factor module 303 is coupled to the circuit board 301. The lower, 3.3V power can
then be supplied to the M.2 form factor module 303.

[0047] In the foregoing detailed description of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and in
which is shown by way of illustration how examples of the disclosure may be
practiced. These examples are described in sufficient detail to enable those of
ordinary skill in the art to practice the examples of this disclosure, and it is to be
understood that other examples may be utilized and that process, electrical, and/or
structural changes may be made without departing from the scope of the present
disclosure.

[0048] The figures herein follow a numbering convention in which the first digit
corresponds to the drawing figure number and the remaining digits identify an
element or component in the drawing. Elements shown in the various figures herein
can be added, exchanged, and/or eliminated so as to provide a number of additional
examples of the present disclosure. In addition, the proportion and the relative scale
of the elements provided in the figures are intended to illustrate the examples of the

present disclosure, and should not be taken in a limiting sense. Further, as used
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herein, "a number of” an element and/or feature can refer to one or more of such
elements and/or features.

[0049] As used herein, “logic” is an alternative or additional processing
resource to perform a particular action and/or function, etc., described herein, which
includes hardware, e.g., various forms of transistor logic, application specific
integrated circuits (ASICs), etc., as opposed to computer executable instructions,

e.g., software firmware, etc., stored in memory and executable by a processor.
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What is claimed:

1. An in-line memory module carrier comprising:

a circuit board having an in-line memory module form factor to receive an M.2
form factor module;

an edge interface on a longitudinal edge of the circuit board for transmission
of power between the M.2 form factor module and a host connector, the edge
interface having an electrical contact; and

a power regulator to receive a first voltage from the host connector and

convert the first voltage to a second voltage to power the M.2 form factor module.

2. The in-line memory module carrier of claim 1, including the circuit board to
receive the M.2 form factor module parallel to a plane formed by the longitudinal

edge and a short edge of the circuit board transverse to the longitudinal edge.

3. The in-line memory module carrier of claim 2, further including a contact on
each of a first side of the plane and a second side of the plane opposite of the first

side, each contact to receive a respective M.2 form factor module.

4. The in-line memory module carrier of claim 2, further including a contact that

is perpendicular to the plane to receive the M.2 form factor module.

5. The in-line memory module carrier of claim 4, wherein the contact is a female

contact that receives and secures the M.2 form factor module.
6. The in-line memory module carrier of claim 1, further including a raised
connector on a surface of the circuit board for transmission of information between

the M.2 form factor module and the host connector.

7. The in-line memory module carrier of claim 1, wherein the first voltage

comprises 12 volts and wherein the second voltage comprises 3.3 volts.

8. An in-line memory module carrier system, comprising:
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a circuit board having an in-line memory module form factor configured to
receive a memory module;
a second circuit board including:

an in-line memory module slot to receive the first circuit board,;

a sensing interface to sense a type of memory module coupled to the
first circuit board, in response to insertion of the first circuit board in the in-line
memory module slot; and

a multiplexor to transmit information between the in-line memory
module slot and one of a volatile memory controller and a non-volatile memory

controller based on the type of memory module sensed by the sensing interface.

9. The in-line memory module carrier system of claim 8, wherein the second
circuit board comprises a motherboard that further includes the volatile memory
controller and the non-volatile memory controller; and

wherein the non-volatile memory controller comprises one of a serial
advanced technology attachment (SATA) controller and peripheral component

interconnect express (PCle) controller.

10.  The in-line memory module carrier system of claim 8, including the multiplexor
to:

multiplex transmit and receive differential pair signals between the non-
volatile memory controller and the in-line memory module slot; and

multiplex signals between the volatile memory controller and the in-line
memory module slot; and

wherein the non-volatile memory controller comprises a SATA controller.

11.  The in-line memory module carrier system of claim 8, including the multiplexor
to:

multiplex transmit and receive differential pair signals between the non-
volatile memory controller and the in-line memory module slot;

multiplex a reset signal between a processing resource and the in-line
memory module slot; and

multiplex signals between the volatile memory controller and the in-line

memory module slot; and
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wherein the non-volatile memory controller comprises a PCle controller.

12.  The in-line memory module carrier system of claim 11, including the
multiplexor to multiplex a differential clock signal between a clock circuit and the in-

line memory module slot.

13. A non-transitory machine readable medium storing instructions executable by
a processor of a system to cause the system to:

sense, using an inter-integrated circuit (12C), a type of a memory module
coupled to a first circuit board, wherein the first circuit board has an in-line memory
module form factor and receives the memory module;

receive data signals from a multiplexor on a second circuit board, in response
to insertion of the first circuit board in a connector of the second circuit board; and

direct, using the multiplexor, the data signals to either serial advanced
technology attachment (SATA) circuitry or peripheral component interconnect (PCle)

circuitry based on the type of the memory module coupled to the first circuit board.

14.  The non-transitory medium of claim 13, including instructions to adjust a fan

speed based on the type of memory module coupled to the first circuit board.

15.  The non-transitory medium of claim 13, further including instructions
executable by the processor to:
receive a first voltage from the second circuit board;
convert the first voltage to a second voltage lower than the first voltage; and
supply the second voltage to the memory module, in response to sensing that

the memory module is an M.2 form factor module.
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