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ASCERTAINING COMMAND COMPLETION IN FLASH MEMORIES

PRIORITY CLAIM
[0001] The present application claims priority to U.S. Provisional Patent
Application Serial No. 61/875,907 filed on September 10, 2013, and entitled
“SYSTEMS AND METHODS FOR ASCERTAINING COMMAND COMPLETION
IN FLASH MEMORY,” which is incorporated herein by reference in its entirety.

[0002] The present application also claims priority to U.S. Patent Application Serial
No. 14/467,404 filed on August 25, 2014, and entitled “ASCERTAINING COMMAND
COMPLETION IN FLASH MEMORIES,” which is incorporated herein by reference in

its entirety.

BACKGROUND
I. Field of the Disclosure

[0003] The technology of the disclosure relates generally to flash memory and

processing commands for flash memory.

II. Background

[0004] Flash memory is common in many sorts of computing devices including
mobile terminals such as cameras, audio players, smart phones, tablets, and the like.
Flash memory may be one of two general types - removable or embedded - and several
standards exist for both general types. One standard initially designed for embedded
situations is the Universal Flash Storage (UFS) standard set forth by the Joint Electron
Device Engineering Council (JEDEC). Another common standard is the embedded
Multi-Media Controller (eMMC) standard.

[0005] In the UFS standard, a host communicates with a device that holds the
memory elements. The host issues commands to the device to execute “transfer
request” tasks such as writing data into the memory elements, reading data from the
memory elements, and synchronize cache. By design, UIS supports multiple
concurrent transfer requests. The transfer requests are software driven at the controller
of the host and use a register called a doorbell register and a software variable referred
to (at least within a LINUX implementation) as an outstanding requests variable. While
the term “outstanding requests variable™ is specific to LINUX, other operating systems

use similar variables and all are referred to herein as outstanding requests variables.
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Each transfer request occupies a slot and a corresponding bit in the doorbell register and
the outstanding requests variable. When sending a new transfer request, software sets a
bit corresponding to the slot in the register and the variable. Setting the bit in the
register notifies the controller that a new transfer request is ready. When a transfer
request is completed, the hardware clears the bit corresponding to the slot in the register,
and software then compares the bit in the register to the bits in the outstanding requests
variable to find completed requests. Note that eMMC is similar, although the particular
elements may have different names.

[0006] If the host receives an interrupt before setting the doorbell register and after
updating the outstanding requests variable, the host may recognize that the request is
completed before the request was sent. In such a situation, the software may complete
the request, but with an error. Alternatively, if the host receives an interrupt after
setting the register and the request was completed before updating the outstanding
requests variable, the request may be lost. Still another situation may delay requests
until another transfer request completion interrupt arrives. Such situation either delays
the request, thereby causing performance degradation, causes the delay to last
indefinitely, or until an error occurs which aborts the command. Currently, such
situations are avoided through the use of a software lock. However, such software locks
are slow and may exclude other transfer requests. Further, such software locks or
exclusions generally increase latency resulting in a degradation of performance,

especially in multi-core processors.

SUMMARY OF THE DISCLOSURE

[0007] Aspects disclosed in the detailed description include ascertaining command
completion in flash memories. An exemplary aspect includes eliminating the software
lock and the outstanding requests variable and replacing them with a transfer request
completion register. The transfer request completion register may be mapped to the
universal flash storage (UFS) Transfer Protocol (UTP) Transfer Request List (UTRL)
slots. The controller of the host - a hardware component - may set the bit in the transfer
request completion register on transfer request completion at the same time the doorbell
register is cleared. After this bit has been read, the bit in the transfer request completion
register is cleared. While UIS is specifically contemplated, other flash memory

standards such as embedded Multi-Media Controller (eMMC) also may benefit from
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aspects of the present disclosure (e.g., eMMC has a Task Descriptor List (TDL) that is
functionally equivalent to the UTRL). Replacing the software lock and the outstanding
requests variable improves performance by reducing latency and eliminating the transfer
request exclusions that may occur with the use of such software locks. In particular,
completion and issuing contexts can work simultaneously. Transfer requests may be
issued from multiple contexts at the same time. The use of these multiple contexts
improves performance, especially in multi-core devices such as smart phones.

[0008] In this regard in one aspect, a UES system is disclosed. The UEFS system
includes a doorbell register having a number of bits corresponding to a UTRL. The
UES system also comprises a completion register having a same number of bits. The
UES system further comprises a control system operatively coupled to the doorbell
register and the completion register. The control system is configured to set a doorbell
bit in the doorbell register for a send request start. Stated another way, when a bit in the
doorbell register is raised, it signals the controller that a transfer request is ready and can
be processed (i.e., start transferring the data). The control system is also configured to
set a completion bit in the completion register on transfer request completion. The
control system is also configured to clear the doorbell bit on transfer request
completion.

[0009] In another aspect, a memory system is disclosed. The memory system
includes a doorbell register having a number of bits. The memory system also includes
a completion register having a same number of bits. The memory system also includes
a control system operatively coupled to the doorbell register and the completion register.
The control system is configured to set a doorbell bit in the doorbell register for a send
request start. The control system is also configured to set a completion bit in the
completion register on transfer request completion. The control system is also
configured to clear the doorbell bit on transfer request completion.

[0010] In another aspect, a method of controlling a memory system is disclosed.
The method includes generating a transfer request in a host. The method also includes
setting a bit in a doorbell register in the host identifying the transfer request. The
method also includes passing the transfer request to a device through a communications
interface. The method also includes completing a transfer associated with the transfer
request. The method also includes clearing the bit in the doorbell register. The method

also includes setting a completion bit in a completion register.



WO 2015/038325 PCT/US2014/052667

[0011] In another aspect, an embedded Multi-Media Controller (eMMC) memory
system is disclosed. The memory system includes a doorbell register having a number
of bits corresponding to an eMMC task descriptor list. The memory system also
includes a completion notification register having a same number of bits. The memory
system also includes a control system operatively coupled to the doorbell register and
the completion notification register and configured to set a doorbell bit in the doorbell
register for a send request start. The control system is also configured to set a
completion bit in the completion notification register on transfer request completion.
The control system is also configured to clear the doorbell bit on transfer request

completion.

BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1 is a block diagram of an exemplary connection between a host and a
device without exemplary aspects of the present disclosure;

[0013] Figure 2A illustrates a first race condition that may arise in a memory system
without synchronization locks or aspects of the present disclosure;

[0014] Figure 2B illustrates a second race condition that may arise in a memory
system without synchronization locks or aspects of the present disclosure;

[0015] Figure 3 illustrates a flow chart of a conventional data flow process using a
lock to prevent race conditions such as those illustrated in Figures 2A and 2B;

[0016] Figure 4 is a block diagram of an exemplary connection between a host and a
device with host registers according to exemplary aspects of the present disclosure;
[0017] Figure 5 is a flowchart illustrating an exemplary process of data flow
between the host and device of Figure 4; and

[0018] Figure 6 is a block diagram of an exemplary processor-based system that can

employ the host and device illustrated in Figure 4.

DETAILED DESCRIPTION

[0019] With reference now to the drawing figures, several exemplary aspects of the
present disclosure are described. The word “exemplary™ is used herein to mean
“serving as an example, instance, or illustration.” Any aspect described herein as
“exemplary™ is not necessarily to be construed as preferred or advantageous over other

aspects.
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[0020] Aspects disclosed in the detailed description include ascertaining command
completion in flash memories. An exemplary aspect includes eliminating the software
lock and the outstanding requests variable and replacing them with a transfer request
completion register. The transfer request completion register may be mapped to the
universal flash storage (UFS) Transfer Protocol (UTP) Transfer Request List (UTRL)
slots. The controller of the host - a hardware component - may set the bit in the transfer
request completion register on transfer request completion at the same time the doorbell
register is cleared. After this bit has been read, the bit in the transfer request completion
register is cleared. While UIS is specifically contemplated, other flash memory
standards such as embedded Multi-Media Controller (eMMC) also may benefit from
aspects of the present disclosure (e.g., eMMC has a Task Descriptor List (TDL) that is
functionally equivalent to the UTRL). Replacing the software lock and the outstanding
requests variable improves performance by reducing latency and eliminating the transfer
request exclusions that may occur with the use of such software locks. In particular,
completion and issuing contexts can work simultaneously. Transfer requests may be
issued from multiple contexts at the same time. The use of these multiple contexts
improves performance, especially in multi-core devices such as smart phones.

[0021] Before addressing aspects of the present disclosure, an overview of
conventional systems and issues that arise therewith presented with reference to Iligures
1-3. Exemplary aspects of the present disclosure begin below with reference to Figure 4.
[0022] In this regard, Figure 1 is block diagram of a host 10 coupled to a device 12
via conductors 14. The communications between host 10 and device 12 conform to the
UFES v2.0 standard published September 2013. While the present discussion focuses on
UFES, other flash standards may also benefit from aspects of the present disclosure
including embedded Multi-Media Controller (eMMC). The host 10 includes a host
controller 16 that is a hardware based system operatively coupled to an appropriate
communication interface 18. Host controller 16 interoperates with host software 20.
Collectively, the host controller 16 and host software 20 are a control systen.

[0023] With continued reference to Figure 1, the device 12 includes a controller 22
that is a hardware based system operatively coupled to an appropriate communication
interface 24. The device 12 further includes a memory unit 26 (e.g., a Negated AND or

NOT AND (NAND) Flash storage device). The device 12 further includes a task queue
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28. Collectively, the controller 22 and any software associated with the operation of the
controller 22 are a control system.

[0024] Host 10 further includes a doorbell register 30 (UTRLDBR). The doorbell
register 30 is a hardware based component with a number of bits equal to a number of
transfer request slots handled by the host controller 16. That is, the doorbell register 30
has a number of bits corresponding to a UFS standard Protocol Transfer Request list.
[0025] With continued reference to Figure 1, in a conventional UFS system, the
computing element incorporating the host 10 may need to read or write data to the
memory unit 26. Accordingly, a transfer request that outlines the data transfer requested
may be sent to the host controller 16. The host software 20 then assigns a slot to the
transfer request. The host controller 16 may have multiple slots (not shown) to handle
multiple transfer requests. Multiple transfer requests are common, especially in
multicore processors. When the host software 20 has prepared the transfer request for
the device 12, the host software 20 sets a bit in the doorbell register 30 corresponding to
the slot with which the transfer request is associated. Setting the bit in the doorbell
register 30 signals to the host controller 16 to send the transfer request to the device 12
through the communication interface 18.

[0026] The device 12 handles the transfer request according to well documented
rules within the UFS standard. The data transfer occurs, and once the data transfer is
completed, the host controller 16 notifies the host software 20 by clearing the bit in the
doorbell register 30. In operation, the host 10 may receive a transfer request interrupt.
The host software 20 checks the doorbell register 30 to see which tasks are finished and
which slots are already assigned. However, absent more information, the host software
20 cannot discriminate between bits set to zero for completed tasks and bits set to zero
for a request that has not yet been sent. Accordingly, the host software 20 maintains an
outstanding requests variable (not shown), which indicates which slots have been
assigned.

[0027] The outstanding requests variable is updated once preparations to send a
transfer request have begun and cleared once the response for transfer request is
received from the device 12. The host software 20 compares the outstanding requests
variable with the doorbell register 30 to know which slots have completed requests.

Absent further control, the UFS system may have race conditions which cause errors,
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delays, aborted commands, or the loss of commands. Two such race conditions are
illustrated in Figures 2A and 2B.

[0028] In this regard, Figure 2A illustrates, through a process 34, what happens
when a send request stops running before the outstanding requests variable is updated.
It should be appreciated that process 34 may be implemented by different elements
including software and hardware and may be separate and distinct components (e.g.,
different sub-routines, different software modules, different IC, or the like). In
particular, and as stated above, when the host software 20 of Figure 1 has prepared the
transfer request for the device 12, the host software 20 sets a bit in the doorbell register
30 (block 36) corresponding to the slot with which the transfer request is associated.
The context of the host 10 changes (block 38) corresponding to the host 10 processing
some other transfer request or processing some incoming data. Device 12 processes the
transfer request (block 40). The device 12 may need some time to process the transfer
request. While the device 12 is processing the transfer request, a context switch,
sending the ‘send command process’ to sleep may occur. When the device 12
completes the transfer request, the device 12 sends a completed task notification. The
host 10 then raises a completion interrupt (block 42). At this point, because the context
changed, the outstanding requests variable was never updated. Thus, at the completion
interrupt, the host 10 checks the doorbell register 30 (block 44) and reads the
outstanding requests variable (block 46). However, as noted above, the outstanding
requests variable was not updated and thus, the completed request is not recognized
(block 48) and the command is aborted or timed out (block 50).

[0029] Similarly, Figure 2B illustrates a process 52 where the updating of the
outstanding requests variable occurs before updating the doorbell register 30 (the
opposite of the order described above and done to avoid the race condition set forth in
process 34). It should be appreciated that process 52 may be implemented by different
elements including software and hardware and may be separate and distinct components
(e.g., different sub-routines, different software modules, different IC, or the like).
However, process 52 gives rise to another race condition (i.e., two processes are
competing for the same resource) where the command is completed, but with errors. In
particular, the process 52 begins at the point in time where the outstanding requests
variable is updated (block 54). A completion interrupt for another transfer request is

raised (block 56). However, the interrupt occurs before updating the doorbell register
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30. Thus, when the doorbell register 30 is read (block 58), the bit is not set. However,
when the outstanding requests variable is read (block 60), the host software 20 sees the
transfer request and recognizes a completed request (block 62). Thus, the host software
20 will complete the request, but with an error (block 64).

[0030] Conventional systems prevent these race conditions through the use of a
software lock. Software locks increase latency. In the interest of completeness, Figure
3 illustrates the flow processes associated with a send request context 66 and a request
completion context 68. The process associated with send request context 66 begins with
a send request context start (block 70). The host 10 prepares the transaction data (block
72). The host software 20 then sets a lock and disables interrupts (block 74). The
software sets the outstanding requests variable (block 76) and then the doorbell register
30 is set (block 78). After the doorbell register 30 is set, the lock is disabled and
interrupts enabled (block 80). After the lock is removed, the send request context ends
(block 82).

[0031] With continued reference to Figure 3, the request completion context 68
starts (block 84). The host controller 16 clears the bit(s) in the doorbell register 30
(block 85). The request completion interrupt occurs and a lock is created by the host
software 20 (block 86). The host 10 reads the outstanding requests variable (block 88)
in the host software 20. The host 10 then reads the doorbell register 30 (block 90) and
determines completed requests with reference to the doorbell register 30 and the
outstanding requests variable (block 92). For each completed request (block 94), a
subroutine is performed wherein the response code is read (block 96), any errors are
handled (block 98) and an upper layer (e.g., the software that issued the request in the
first instance) is notified of the request completion (block 100). When all completed
requests have been processed at block 94, the outstanding requests variable’s
corresponding bits are cleared (block 101), and then the host software 20 removes the
lock and exits (block 102) resulting in the end of the request completion context (block
104). 'The existence of the locks in both send request context 66 and request completion
context 68 is highlighted by the designation locked sequence (block 106).

[0032] In contrast to the processes of send request context 66 and request
completion context 68, aspects of the present disclosure allow the elimination of the
lock, and the attendant disadvantages are alleviated. In this regard, Figure 4 illustrates a

host 10’ that includes a command completion register (UTRLCNR) 32 (also sometimes
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referred to as a completion notification register). Note that in most other requests host
10’ has elements identical to host 10 of Figure 1. As with doorbell register 30, the
command completion register 32 is hardware based and has a number of bits equal to a
number of slots handled by the host controller 16. That is, use of the command
completion register 32 allows a hardware solution instead of the locks. By use of the
hardware solution, sending and completion of requests can start at any point. The
ability to have multiple contexts operating concurrently improves the operating
efficiencies, especially for multi-core processors.

[0033] In this regard, Figure 5 provides send request context 108 and request
completion context 110. Send request context 108 starts (block 112) and the host
software 20 prepares the transaction data (block 114). The host software 20 sets the
doorbell register 30 (block 116) and the send request ends (block 118). Because there is
no need to set the software variable for the outstanding requests, there is no concern
about an interrupt occurring.

[0034] With continued reference to Figure 5, the request completion context 110
starts (block 120). Initially, the hardware clears the doorbell register 30 and sets the
command completion register 32 (block 122). An interrupt occurs (block 124). The
host software 20 reads the command completion register 32 (block 126) to ascertain
what tasks are completed. For each completed task, a subroutine begins (block 128)
where the response code is read (block 130), any errors are handled (block 132) and the
host software 20 clears the command completion register 32 (block 134). After the host
software 20 clears the command completion register 32, an upper layer (e.g., the
software that issued the request) is notified of the request completion (block 136).
After clearing and notification, the slot in the command completion register 32
corresponding to the bit may be reversed as needed or defined. When all completed
requests have been processed (block 128), the request completion context 110 ends
(block 138). In contrast to the time period when the lock disables interrupts
(highlighted by 106 in Figure 3), block 139 highlights that the interrupts can occur at
any point, and in particular may occur during the times that the conventional systems
impose the lock. As noted above, elimination of the lock improves performance and the
addition of the new hardware (i.e., the command completion register 32) is viewed as an

acceptable tradeoff for the improved performance.
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[0035] Ascertaining command completion in flash memories according to aspects
disclosed herein may be provided in or integrated into any processor-based device.
Examples, without limitation, include a set top box, an entertainment unit, a navigation
device, a communications device, a fixed location data unit, a mobile location data unit,
a mobile phone, a cellular phone, a computer, a portable computer, a desktop computer,
a personal digital assistant (PDA), a monitor, a computer monitor, a television, a tuner,
a radio, a satellite radio, a music player, a digital music player, a portable music player,
a digital video player, a video player, a digital video disc (DVD) player, and a portable
digital video player.

[0036] In this regard, Figure 6 illustrates an example of a processor-based system
140 that can employ the host 10" and device 12 illustrated in Figure 4. In this example,
the processor-based system 140 includes one or more central processing units (CPUs)
142, each including one or more processors 144. The CPU(s) 142 may be a master
device and include the host 10°. The CPU(s) 142 may have cache memory 146 coupled
to the processor(s) 144 for rapid access to temporarily stored data. The CPU(s) 142 is
coupled to a system bus 148. As is well known, the CPU(s) 142 communicates with
these other devices by exchanging address, control, and data information over the
system bus 148. For example, the CPU(s) 142 can communicate bus transaction
requests to a memory system 150 that may include the device 12. Although not
illustrated in Figure 6, multiple system buses 148 could be provided, wherein each
system bus 148 constitutes a different fabric.

[0037] Other master and slave devices can be connected to the system bus 148. As
illustrated in Figure 6, these devices can include the memory system 150, which may
have multiple memory units (not specifically illustrated), one or more input devices 152,
one or more output devices 154, one or more network interface devices 156, and one or
more display controllers 158, as examples. The input device(s) 152 can include any
type of input device, including but not limited to input keys, switches, voice processors,
etc. The output device(s) 154 can include any type of output device, including but not
limited to audio, video, other visual indicators, etc. The network interface device(s) 156
can be any devices configured to allow exchange of data to and from a network 160.
The network 160 can be any type of network, including but not limited to a wired or

wireless network, a private or public network, a local area network (LAN), a wide local
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area network (WLAN), and the Internet. The network interface device(s) 156 can be
configured to support any type of communication protocol desired.

[0038] The CPU(s) 142 may also be configured to access the display controller(s)
158 over the system bus 148 to control information sent to one or more displays 162.
The display controller(s) 158 sends information to the display(s) 162 to be displayed via
one or more video processors 164, which process the information to be displayed into a
format suitable for the display(s) 162. The display(s) 162 can include any type of
display, including but not limited to a cathode ray tube (CRT), a liquid crystal display
(LCD), a plasma display, etc.

[0039] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the
aspects disclosed herein may be implemented as electronic hardware, instructions stored
in memory or in another computer-readable medium and executed by a processor or
other processing device, or combinations of both. The devices described herein may be
employed in any circuit, hardware component, integrated circuit (IC), or IC chip, as
examples. Memory disclosed herein may be any type and size of memory and may be
configured to store any type of information desired. To clearly illustrate this
interchangeability, various illustrative components, blocks, modules, circuits, and steps
have been described above generally in terms of their functionality. How such
functionality is implemented depends upon the particular application, design choices,
and/or design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present disclosure.

[0040] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (I'PPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as

a combination of computing devices, e.g., a combination of a DSP and a
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microprocessor, a plurality of microprocessors, one Or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[0041] The aspects disclosed herein may be embodied in hardware and in
instructions that are stored in hardware, and may reside, for example, in Random Access
Memory (RAM), flash memory, Read Only Memory (ROM), FElectrically
Programmable ROM (EPROM), Electrically Erasable Programmable ROM
(EEPROM), registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer readable medium known in the art. An exemplary storage medium is coupled
to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a remote station. In the alternative, the processor and the
storage medium may reside as discrete components in a remote station, base station, or
server.

[0042] It is also noted that the operational steps described in any of the exemplary
aspects herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually
be performed in a number of different steps. Additionally, one or more operational
steps discussed in the exemplary aspects may be combined. It is to be understood that
the operational steps illustrated in the flow chart diagrams may be subject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of
skill in the art will also understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0043] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples and
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designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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CLAIMS

1. A universal flash storage (UFS) system comprising;
a doorbell register having a number of bits corresponding
to a UFS transfer protocol (UTP) Transfer Request List
(UTRL);
a completion notification register having a same number of
bits; and
a control system operatively coupled to the doorbell regis-
ter and the completion notification register and config-
ured to:
set a doorbell bit in the doorbell register for a send
request start;

set a completion bit in the completion notification reg-
1ster on transfer request completion; and

clear the doorbell bit on transfer request completion.

2. The UFS system of claim 1, wherein the control system
1s further configured to issue a transfer request to a device.

3. The UFS system of claim 2, wherein the send request
start is associated with the transfer request.

4. The UFS system of claim 1, further comprising a com-
munication interface configured to couple a host to a device.

5. The UFS system of claim 2, wherein the control system
is further configured to clear the completion bit after process-
ing completion of the transfer request.

6. The UFS system of claim 5, wherein the control system
is further configured to reuse a slot associated with the
completion bit after clearing the completion bit.

7. The UFS system of claim 2, wherein the transfer request
mcludes a write command to write data to the device.

14



8. The UFS system of claim 2, wherein the transfer request
includes a read command to read data from the device.

9. The UFS system of claim 1 integrated into a device
selected from the group consisting of a set top box, an enter-
tainment unit, a navigation device, a communications device,
a fixed location data unit, a mobile location data unit, a mobile
phone, a cellular phone, a computer, a portable computer, a
desktop computer, a personal digital assistant (PDA), a moni-
tor, a computer monitor, a television, a tuner, a radio, a satel-
lite radio, a music player, a digital music player, a portable
music player, a digital video player, a video player, a digital
video disc (DVD) player, and a portable digital video player.

10. A memory system comprising;

a doorbell register having a number of bits;

a completion register having a same number of bits; and

a control system operatively coupled to the doorbell regis-

ter and the completion register and configured to:

set a doorbell bit in the doorbell register for a send
request start;

set a completion bit in the completion register on transfer
request completion; and

clear the doorbell bit on transfer request completion.

11. A method of controlling a memory system, comprising:

generating a transfer request in a host;

setting a bit in a doorbell register in the host identifying the

transfer request;

passing the transfer request to a dev1ce through a commu-

nication interface;

completing a transfer associated with the transfer request;

clearing the bit in the doorbell register; and

setting a completion bit in a completion register.

15



12. The method of claim 11, wherein generating the trans-
fer request comprises generating a read command to read data
from the device.

13. The method of claim 11, wherein generating the trans-
fer request comprises generating a write command to write
data to the device.

14. The method of claim 11, further comprising starting the
transfer.

15. The method of claim 11, further comprising handling
interrupts to the transfer request without need for a software
lock.

16. The method of claim 11, further comprising receiving
an interrupt generated by a second transfer request.

17. The method of claim 11, further comprising clearing
the completion bit after processing completion of the transfer
request.

18. The method of claim 17, further comprising reusing a
slot associated with the completion bit after clearing the
completion bit.

19. An embedded Multi-Media Controller (eMMC)
memory system comprising:

a doorbell register having a number of bits corresponding

to an eMMC Task Descriptor List (TDL);

a completion notification register having a same number of

bits; and

a control system operatively coupled to the doorbell regis-

ter and the completion notification register and config-

ured to:
set a doorbell bit in the doorbell register for a send

request start;
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set a completion bit in the completion notification reg-
ister on transfer request completion; and
clear the doorbell bit on transfer request completion.

20. The eMMC memory system of claim 19, wherein the
control system is further configured to issue a transfer request
to a device.

21. The eMMC memory system of claim 20, wherein the
send request start is associated with the transfer request.

22. The eMMC memory system of claim 19, further com-
prising a communication interface configured to couple a host
to a device.

23. The eMMC memory system of claim 20, wherein the
control system is further configured to clear the completion
bit after processing completion of the transfer request.

24. The eMMC memory system of claim 23, wherein the
control system 1s further configured to reuse a slot associated
with the completion bit after clearing the completion bit.

25. The eMMC memory system of claim 20, wherein the
transfer request includes a write command to write data to the
device.

26. The eMMC memory system of claim 20, wherein the
transfer request includes a read command to read data from
the device.
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