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(57) ABSTRACT 
Disclosed are apparatus and techniques for managing power 
in a memory system having a controller and nonvolatile 
memory array. In one embodiment, prior to execution of each 
command with respect to the memory array, a request for 
execution of Such command is received with respect to the 
memory array. In response to receipt of each request for each 
command, execution of such command is allowed or withheld 
with respect to the memory array based on whether such 
command, together with execution of other commands, is 
estimated to exceed a predetermined power usage specifica 
tion for the memory system. 
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APPARATUS AND METHODS FOR PEAK 
POWER MANAGEMENT IN MEMORY 

SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation of U.S. patent application Ser. 
No. 13/296,898, filed Nov. 15, 2011, which is a continuation 
in-part of U.S. patent application Ser. No. 13/167,929, filed 
Jun. 24, 2011 (now U.S. Pat. No. 8,694,719), both of which 
are hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to methods for managing peak 
power levels in memory systems, in particular, memory sys 
tems that allow parallel operations with respect to multiple 
memory array (e.g., multi-die and/or multi-die memory sys 
tems). 
0003 Memory systems generally include multiple com 
ponents which are in communication with each other and 
perform different functions as part of an overall system. One 
example of Such a memory system is a nonvolatile memory 
system. Nonvolatile memory systems are used in various 
applications. Some nonvolatile memory systems are embed 
ded in a larger system Such as a personal computer. Other 
nonvolatile memory systems are removably connected to a 
host system and may be interchanged between different host 
systems. Examples of such removable memory systems (re 
movable memory units) include memory cards and USB flash 
drives. Electronic circuit cards, including non-volatile 
memory cards, have been commercially implemented 
according to a number of well-known standards. Memory 
cards are used with personal computers, cellular telephones, 
personal digital assistants (PDAs), digital still cameras, digi 
tal movie cameras, portable audio players and other host 
electronic devices for the storage of large amounts of data. 
Such cards usually contain a re-programmable non-volatile 
semiconductor memory cell array along with a controller that 
controls and Supports operation of the memory cell array and 
interfaces with a host to which the card is connected. Memory 
card standards include PC Card, CompactFlashTM card (CFTM 
card), SmartMediaTM card, MultiMediaCard (MMCTM), 
Secure Digital (SD) card, a miniSDTM card, microSDTM card, 
Memory StickTM, Memory Stick Duo card and microSD/ 
TransFlashTM memory module standards, by way of a few 
examples. There are several USB flash drive products com 
mercially available from SanDisk Corporation under its 
trademark “Cruzer(R). Other examples of removable memory 
units include Solid State Drives (SSDs), e.g. using SATA, 
PCle, ExpressCard or similar standards. SSDs use solid state 
memory systems in applications where Hard Disk Drives 
have traditionally been used. Such as in laptop computers. 
0004. A solid state drive (SSD) is designed to provide 
reliable and high performance storage of user data across a 
flash-based memory system containing a host interface con 
troller (such as a Serial Advanced Technology Attachment 
(SATA)) interface) and a number of memory multi-chip pack 
ages (MCPs), where each MCP contains a flash memory 
controller and a stack of NAND flash dies. The Open NAND 
Flash Interface (ONFI) protocol provides support for parallel 
access to multiple NAND dies (or “logical units’ (LUNs)) on 
a single “target' or NAND multi-chip stack on a single shared 
ONFI channel. In a typical SATA-based SSD application, a 
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central host controller accesses multiple attached devices 
(targets/NAND device clusters) on each ONFI channel, and 
across several ONFI channels. Each ONFI target typically 
controls 2, 4, or 8 NAND dies. Storage management software 
running on the host controller manages a virtual memory 
space that is mapped to flash blocks in the physical dies in 
each of the attached MCP’s. 
0005. In many memory systems, storage management 
Software running on the host controller manages a virtual 
memory space that is mapped to flash blocks in the physical 
dies in each of the attached MCP's. The host controller and 
the storage management Software utilize parallel access and 
efficient usage of the available flash devices to optimize SSD 
drive performance, endurance, and cost. The system often 
must achieve these optimizations within product-related or 
technology-related power, which is often set forth in the 
specifications for the product. For example, in some SSD 
assemblies, the SSD assembly must not exceed 1C) W peak 
power consumption under any operational mode. 
0006 Different techniques have been used to manage 
power within required limits. For example, the host can 
employ a host-initiated power management/power-down 
(HIPM/HIPD) technique in which the host de-powers some 
number of target modules or directs them to enter a standby/ 
power-down mode. In this way, the host reduces traffic to 
Some number of devices. Improved power management in 
non-volatile memory systems would be beneficial. 

SUMMARY OF THE INVENTION 

0007. The present invention is defined by the claims, and 
nothing in this section should be taken as a limitation on those 
claims. 
0008. In general, apparatus and techniques for managing 
power in a memory system having a controller and nonvola 
tile memory array are provided. In one embodiment, prior to 
execution of each command with respect to the memory array, 
a request for execution of Such command is received with 
respect to the memory array. Execution of each command is 
allowed or withheld with respect to the memory array based 
on whether such command, together with execution of other 
commands, is estimated to exceed a predetermined power 
usage specification for the memory system. 
0009. In a specific implementation, the memory array is 
formed within multiple die and/or multiple planes that are 
accessible in parallel. In a specific aspect, allowing or with 
holding execution of each command with respect to the 
memory array is further based on whether Such command has 
a type of command that has been previously executed more 
than a predetermined threshold number of times. In another 
aspect, allowing or withholding execution of each command 
with respect to the memory array is further based on a con 
figurable decision matrix describing necessary delays 
between execution of each different type of command or a 
combination of commands. 
0010. In another method embodiment, prior to issuing for 
a component of the memory system a current command hav 
ing a type, a request for execution of such current command is 
received at the controller. The controller allows the current 
command to issue, increments a count for the current com 
mand type, and resets a timer associated with the current 
command type if the count has not reached a predefined 
semaphore capacity. Othewise, the controller withholds the 
current command from issuing if the count for Such current 
command has reached the predefined semaphore capacity and 
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the timer has not expired. The controller resets the count for 
Such current command type if the timer for Such current 
command type has expired. 
0011. In a specific implementation, the component (for 
which the request is received) is a memory cell array and the 
current command type pertains to programming, reading, or 
erasing with respect to the memory cell array. In one aspect, 
the count is reset by Subtracting a timer expiration rate from 
the count. In a further aspect, the expiration rate equals the 
semaphore capacity. In another embodiment, the type of the 
current command is determined by comparing the current 
command to a plurality of command type values. 
0012. In another embodiment, the invention pertains to 
memory system having a nonvolatile memory array for Stor 
ing data, a flash protocol sequencer (FPS) for accessing the 
memory array and prior to such accessing, requesting permis 
sion from a power arbitration unit to access such memory 
array, and the power arbitration unit (PAU). The PAU is con 
figured for allowing or withholding permission to the FPS for 
accessing the memory array. The PAU is configured to deter 
mine whether to allow or withhold based on whether such 
command, together with execution of other commands, is 
estimated to exceed a predetermined power usage specifica 
tion for the memory system. In further embodiments the PAU 
is configured to perform one or more of the above described 
method operations. In another embodiment, the memory sys 
tem comprises a nonvolatile memory array for storing data 
and a controller that is operable to perform one or more of the 
above described power arbitration method operations. 
0013 These and other features of the present invention 
will be presented in more detail in the following specification 
of embodiments of the invention and the accompanying fig 
ures, which illustrate by way of example the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 shows an example of a memory system in 
accordance with one embodiment of the present invention. 
0015 FIG. 2A illustrates the operation of a Power Arbi 
tration Unit (PAU) controller configured to implement data 
transfer operations with respect to logical units of a memory 
array So as to minimize peak power overlap in accordance 
with one example embodiment. 
0016 FIG. 2B shows a table of predefined semaphore 
information that is used during power arbitration in accor 
dance with a specific implementation. 
0017 FIG. 2C is a flow chart illustrating a procedure for 
performing power arbitration with respect to various types of 
commands in accordance with a specific implementation of 
the present invention. 
0018 FIG. 3 is a diagrammatic representation of an inter 
face between a power arbitration unit (PAU) and a plurality of 
flash interface modules (FIM) in accordance with one 
embodiment of the present invention. 
0019 FIG. 4 is a diagrammatic representation of a PAU 
module in accordance with one implementation of the present 
invention. 

0020 FIG.5 illustrates one example of a PAU slave and an 
FPS module and I/O interface in accordance with a specific 
implementation. 
0021 FIG. 6 is a diagrammatic representation of an 
example structure of a memory cell array. 
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DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0022 Reference will now be made in detail to a specific 
embodiment of the invention. An example of this embodi 
ment is illustrated in the accompanying drawings. While the 
invention will be described in conjunction with this specific 
embodiment, it will be understood that it is not intended to 
limit the invention to one embodiment. On the contrary, it is 
intended to cover alternatives, modifications, and equivalents 
as may be included within the spirit and scope of the invention 
as defined by the appended claims. In the following descrip 
tion, numerous specific details are set forth in order to provide 
a thorough understanding of the present invention. The 
present invention may be practiced without some or all of 
these specific details. In other instances, well known process 
operations have not been described in detail in order not to 
unnecessarily obscure the present invention. 
0023 The following embodiments arc directed to tech 
niques for meeting power limits of a storage system, while 
providing better performance. In general, the memory storage 
system includes a power arbitration unit (PAU) that is con 
figured to provide power arbitration for commands that utilize 
power. The PAU receives a request to allow issuance for each 
command (or set of commands). For example, the PAU 
receives a write or read command request prior to execution 
of Such command with respect to the memory array of the 
storage system. The PAU allows or withholds permission for 
execution of such command with respect to the memory array 
based on whether such command, together with execution of 
other commands, has been estimated to exceed a predeter 
mined power usage specification for the memory system. For 
instance, the PAU may only allow a certain number of a 
particular command type (or combination of command types) 
to be executed in parallel. 
0024. Before turning to the details of PAU embodiments of 
the present invention, exemplary memory system architec 
tures will first be described. FIG. 1 shows an example of 
memory system 100 in accordance with one embodiment of 
the present invention. The memory system includes a host 
interface 102, a memory controller 104, and a memory array 
in the form of one or more memory array dies, e.g., 106a 
106d. An outer casing may be formed around these compo 
nents so as to provide protection to Such components from 
physical damage. The memory system may include other 
components (such as light emitting diodes, LEDs) for addi 
tional functionality. 
0025. The memory controller 104 is in communication 
with a host interface 102 that provides a connection to a host 
101, which is, for example, a digital camera, laptop computer, 
MP3 player, PDA, or other similar electronic device. In cer 
tain implementations, the host interface 102 complies with a 
standard (Such as a memory card Standard or the USB stan 
dard) so that the memory system can interface with a wide 
range of hosts that have a corresponding interface. Typically, 
Such standards provide for the physical arrangement of pins in 
the physical interface as well as the assignment of each pin, 
Voltage levels used, as well as the protocols used for data and 
commands sent through the interface. Many interfaces 
include a provision for a host to provide power to a memory 
system. For example, memory cards and USB flash drives can 
obtain their power from a host through such a host interface. 
0026. The memory controller 104 is also in communica 
tion with four memory array chips 106a-106d over memory 
buses 114a and 114b. In the illustrated example, the control 
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ler 104 also includes a plurality of memory interfaces, such as 
Flash Interface Module (FIMs) 110a and 110b. Each FIM is 
coupled with a different memory bus that is coupled to a 
different set of memory dies. For instance, FIM 110a is 
coupled with memory dies 106a and 106b via memory bus 
114a, and FIM 110b is coupled with memory dies 106c and 
106d via memory bus 114b. Memory controller 104 also 
includes host interface 108, which is connected to the host 
interface 102 of the memory system 100. 
0027. The arrangement of FIG. 1 may facilitate higher 
speed access to the memory array by allowing a higher degree 
of parallelism. Both FIM's may transfer data in parallel to 
different sets of memory dies, thus doubling the speed of 
transfer for a given bus size. In one example, each memory 
bus has a bus width of 16 bits, so that using two such busses 
in parallel provides the equivalent of a 32 bit wide bus, but 
without requiring memory chips that are designed for 32 bit 
access (i.e. cheaper memory chips with 16 bit access may be 
used). Additionally, a higher degree of parallelism may be 
achieved due to a higher level of concurrency of operations 
being executed within the different memory dies, planes, etc. 
0028. The memory controller 104 may also be configured 
to manage data in the memory array. When a host sends data, 
the memory controller 104 can be operable to determine 
where the data is to be stored and record the location where 
Such data is stored. In one example, the memory controller 
performs logical-to-physical mapping so that data received 
from the host with logical addresses is mapped to physical 
locations in the memory array in a manner that is determined 
by the memory controller according to the available space in 
the memory array. 
0029. The memory controller 104 may also include one or 
more Error Correction Code (ECC) modules, e.g., 118. Host 
data can be transferred between the memory controller and 
the flash memory array via FIMs 110a and 1101b, which 
temporarily store such data in buffer RAM 120. A FIM can be 
configured to detect data errors on the fly during this process. 
If no errors are detected, the data can be transferred to the host 
via host interface modules 108 and 102. If errors are detected, 
ECC circuit 118 could be utilized to correct such errors before 
transferring the data to the host. Such ECC functions allow 
errors in data that are read from the memory array 106 to be 
corrected in the memory controller 104 before the data is sent 
to the host 101. In certain embodiments, the controller 104 
may include any suitable number of ECC modules for writing 
and reading data to and from the memory array via one or 
more of the FIMs. That is, each FIM may have its own ECC 
module, or a single ECC module (118, as shown) may inter 
face with a plurality of FIMs. 
0030 The memory controller 104 can take the form of any 
combination of hardware and Software, such as a dedicated 
chip or Application Specific Integrated Circuit (ASIC), 
which is separate from the nonvolatile memory chips. The 
memory controller 104 may also include any number and type 
of circuits for performing the various functions of the con 
troller. For instance, the controller 104 may also include one 
or more microprocessors 116 and buffer RAM 120. A micro 
processor 116 can be configured to provide overall control of 
the ECC circuit 118, host interface module 108, and flash 
interface modules 110a and 110b, as well as other compo 
nents of memory controller 104. The buffer RAM 120 may 
provide temporary storage of data that is being transferred 
between the host 101 and memory array, as well as other data 
for operation of the controller 104. 
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0031. The memory array may take the form of a nonvola 
tile NAND flash memory array. Alternatively, the nonvolatile 
memory array may take the form of one-time-programmable 
(OTP) memory, NOR flash memory, Magnetic Random 
Access Memory (MRAM), or other form of nonvolatile 
memory. The nonvolatile memory array may be located in a 
plurality of chips as shown. Each chip may include read and 
write circuits and other peripheral circuits. 
0032. Alternative memory systems may include any suit 
able number and type of controllers, interfaces, buses, and/or 
memory dies. Several memory system architectures are 
described in U.S. patent application Ser. No. 13/167,929, 
entitled “Controller, Storage Device, and Method for Power 
Throttling Memory Operations', filed Jun. 24, 2011, by Paul 
A. Lassa et al., which application is incorporated herein by 
reference in its entirety for all purposes. 
0033. In a multi-die memory system, particularly multi 
bank-multi-die systems, there is a very high chance that 
power consuming operations at the memory array overlap in 
time. As a result, windows of very high peak power can be 
created. Execution of other types of commands, besides com 
mands that are executed with respect to the array, also con 
Sume power. 
0034. The memory system of the present invention also 
includes a power arbitration unit (PAU) that is configured to 
manage power with respect to a plurality of commands. The 
PAU embodiments of the present invention may be integrated 
into any type of memory system architectures. Such as the 
architectures described herein, including descriptions incor 
porate herein. Overall, a PAU may be implemented by any 
suitable combination of hardware and/or software. Although 
the embodiments illustrated herein show the PAU as being 
part of the memory controller, the PAU can be a separate 
module from the controller or formed within any suitable 
logic block of the memory system. 
0035. The PAU may operate to cause the time periods of 
peak powerfor a predefined number of commands of a certain 
type stacked together and executed in parallel, while the 
execution of a Subsequent command of the same type is 
delayed. FIG. 2A illustrates a PAU controller 204 that is 
configured to implement data transfer operations with respect 
to logical units (LUNs) LUNO-LUN7 over time so as to 
minimize peak power overlap. At time to, PAU controller 204 
allows data transfer operations for LUNO-LUN3 to execute, 
while delaying execution of data transfer operations for 
LUN4-LUN7 until time t1. As a result, the peak power dura 
tions between to and t1, as shown in the power profiles 202a 
202d for LUNO-LUN3, will not significantly overlap with the 
peak power durations of power profiles 202e-202h for LUN4 
LUNT. 

0036. The PAU may be configured with any suitable data 
for facilitating power arbitration with respect to particular 
types of commands (or sets of commands). FIG. 2B includes 
a table 220 of predefined semaphore information that is used 
during power arbitration in accordance with a specific imple 
mentation. As shown, each command type has a plurality of 
associated Semaphore fields: a command semaphore capac 
ity, a command semaphore, a semaphore expiration timer, and 
a semaphore expiration rate. The PAU may be operable to 
utilize these semaphore values to determine whether to allow 
or inhibit issuance of a particular command type of set of 
command types as described further below. 
0037. The semaphore capacity generally indicates how 
many times the associated command type can issue or execute 
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before further issuance is to be inhibited by the PAU. By way 
of example in some systems, a particular command type may 
be allowed to issue four times, but the fifth command for the 
same type may be inhibited so as to not cause the memory 
system's power usage to exceed the peak power budget. The 
command semaphore value indicates how many commands 
of the associated type have been allowed to issue or execute, 
e.g., within a specified time frame. In the previous example, 
the command semaphore value increments each time a com 
mand for the associated type is executed. When the command 
semaphore for a particular command type reaches the com 
mand semaphore capacity, the next request for the same com 
mand type has to be withheld. 
0038. The semaphore expiration timer indicates the maxi 
mum amount of time that can pass since the last issued com 
mand for the particular type. After the expiration timer has 
been met, the currently withheld request or next request can 
be granted without delay. If a request is pending and the 
expiration timer value has not been met. Such request is 
granted as soon as the command semaphore becomes less 
than the command semaphore capacity. The semaphore expi 
ration rate indicates the number of semaphore units or counts 
that are restored whenever the semaphore expiration timer 
value is reached. In one embodiment, the semaphore expira 
tion rate is subtracted from the command semaphore after the 
time has expired after the last command. For example, if a 
write command can only be issued four times after which the 
fifth write command is held, the fifth write command is 
allowed to issue after the expiration time and the current 
semaphore will be reset to zero if the expiration rate is 4. Of 
course, it is not necessary to have the expiration rate be equal 
to the semaphore capacity value. For example, the expiration 
rate can equal 1, while the capacity equals 4. In this later 
example, four commands could issue at once (e.g., for 
LUNO-LUN3), and then subsequent commands would be 
staggered (e.g., for LUN4-LUN7). 
0039. The data for facilitating power arbitration may take 
any suitable form and contain any suitable values for effi 
ciently limiting power consumption for a particular device. 
For example, the power facilitation data may be fixed to 
values that are determined to work best for the particular type 
of memory system, e.g., based on the devices specification 
limits and/or experimentation results. Alternatively, the 
power facilitation data may be selectively alterable as power 
needs change, e.g., as the device ages. Additionally, other 
types of data, such as power units, may be associated with and 
tracked for each type of command. The power units may then 
be added for simultaneously executing commands until a 
power limit is reached, after which command execution is 
deferred. 

0040 FIG. 2C is a flow chart illustrating a generalized 
procedure 250 for performing power arbitration with respect 
to various types of commands in accordance with a specific 
implementation of the present invention. Initially, a request 
for execution of a command with respect to the memory 
system may be received at the PAU in operation 252. For 
example, a command for programming the memory array is 
received from a particular FPS module. 
0041. The type of command (or set of commands) can then 
be determined in operation 254. For instance, a particular 
field of a received command is compared to a list of command 
type values that correspond to different command types, such 
as program, read, etc. In a further embodiment, the PAU may 
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accumulate commands until a particular combination of com 
mand types for executing together are received. 
0042. It may then be determined whether the command 
types (or command combination types) corresponding 
timer has expired since issuance of the last command for this 
particular type in operation 256. For example, enough time 
may have passed for the previous command of the same type 
(as well as all concurrently commands and any other com 
mands executed before the last command of the same type) to 
have executed completely or, at least, finished with the period 
of time for peak power usage. If the timer has expired, the 
timer expiration rate value may be subtracted from the com 
mand count associated with this command type in operation 
257. For example, if the expiration rate is 4 and the current 
count has reached semaphore capacity of 4 and the expiration 
timer has expired, the current count is reset to Zero. If the 
expiration timer has not expired, this operation for resetting 
the count is skipped. 
0043. After the expiration timer is reset or if it is deter 
mined that the timer has not expired yet, it may then be 
determined whether the command count for this type has 
reached the semaphore capacity in operation 258. For 
example, if the semaphore capacity for a current command 
having a “write' type is 4, it is determined whether 4“write' 
commands have already issued. If the semaphore capacity has 
not been reached, the current command (or combination of 
commands) may be allowed to issue and the current count for 
this command type is incremented (and the expiration timer 
may be reset) in operation 260. The arbitration process may 
then end for the particular command until another command 
is received. 
0044) If the command count has reached its capacity, 
execution of the current command may be withheld in opera 
tion 262. It then may be again determined whether the com 
mand type's timer has expired since issuance of the last 
command in operation 264. The procedure may wait for expi 
ration of the timer, after which the timer expiration rate is 
Subtracted from the current count and cause Such count to fall 
below the semaphore capacity value. This count reset will 
then cause the withheld current command to be issued in 
operation 260. 
0045. By monitoring and limiting the “power cost of the 
commands on a command-by-command basis, the PAU is 
able to dynamically (e.g., on the fly) alter when each of the 
commands is performed so that performance of the com 
mands in the aggregate does not exceed power limits over a 
period of time, e.g., as set forth in the specifications of the 
storage device. Because it is the storage device's PAU, and 
not a host processor, that facilitates power regulations, these 
embodiments can be used with multi-chip packages (MCP) 
(e.g., a controller and N number of LUNs) that serve multiple 
host processing instances that are unaware of each other. For 
example, a host may be running four independent instances of 
a flash memory management application, where one or two 
LUNs on a four or eight LUNMCP are allocated or dedicated 
to each of the instances. In this case, each independent 
instance of the flash memory management knows how much 
and what kind of trafficit is sending, but it does not know what 
the other three instances are sending. Centralizing power 
regulation control in a PAU of the MCP overcomes this prob 
lem. 

0046) Any suitable hardware and/or software may be con 
figured to implement the PAU techniques described herein. 
FIG. 3 is a diagrammatic representation of an example inter 



US 2014/02371 67 A1 

face between a PAU 112 and a plurality of FIM's 310a–110d. 
The PAU 112 may include a plurality of master modules 
302a-302d, and the master modules are operable to interface 
with a plurality of slave modules 304a-304d of the FIM's 
110a-110d. A plurality of flash protocol sequencer (FPS) 
modules 306a-306d of the FIM's can also provide an inter 
face between the slave modules and a plurality of I/O modules 
308a-308d, which are communicatively coupled to the 
memory array (not shown). 
0047. Each FPS may be configured to implement the com 
mands with respect to the memory array, e.g., NAND array, 
or, more specifically, a set of associated memory array dies. 
That is, each FPS may serve multiple array dies. In one 
implementation, each FIM can concurrently execute multiple 
process threads for accessing the multiple dies or banks of 
memory array via its associated FPS module. For instance, 
each FIM may be configured to forward a plurality of com 
mands to its associated FPS for execution in parallel with 
respect to a plurality of associated memory array dies and/or 
banks. After permission is granted by the PAU for one or more 
commands, the FPS may then generate the appropriate 
memory array signals for the permitted commands with 
respect to its associated memory array, as further described 
below. 
0048. In general, each master module of the PAU may 
provide a pass-through feature so as to transmit command 
requests and acknowledgement responses between each 
respective FPS module and the PAU. The number of master 
modules may depend on the number of FPS modules, for 
example, with a master module being provided for each FPS 
module. This arrangement provides easy scaling for addition 
ally memory dies and their associated FIM modules to be 
easily instantiated. 
0049 FIG. 4 is a diagrammatic representation of PAU 
module 112 in accordance with one implementation of the 
present invention. The PAU may include a plurality of com 
mand unit modules 402a-402h for storing data for facilitating 
power arbitration. In this illustrated embodiment, each com 
mand unit module contains a plurality of fields for each com 
mand type or set of commands. For example, command unit 
402a includes a semaphore capacity field 404a, a semaphore 
field 406a, an expiration timer field 408a, and an expiration 
rate field 410a. The PAU may also include one or more timers, 
e.g., 412, as well as one or more master interfaces, e.g., 
402a-402d. 

0050 FIG. 5 illustrates one example of a PAU slave 204a 
and an FPS module 206a and I/O interface 208a in accor 
dance with a specific implementation. The PAU 112 may 
include any suitable number and type of registers for holding 
variables or constants for operation of power arbitration for 
particular command types. As shown, the PAU slave 204a 
may include a plurality of command type registers 504a 
504h. Each command type register specifies or describes a 
particular command type, e.g., write, read, etc. 
0051. The PAU may also include a command comparator 
502. The command comparator 502 may receive a command 
from an FPS command pipe 506, for example, of FPS 206a. 
The command comparator 502 may operate to compare the 
received command to information in the plurality of com 
mand registers 504a-504h so as to determine the particular 
type of command. The command comparator may then output 
a command request 210a having the particular determined 
command type. The command request 210a may be any Suit 
able width, depending on the number of commands that are to 

Aug. 21, 2014 

be distinguished. In the illustrated example, the command 
request 210a is eight bits wide. 
0.052 By way of example, a command register #0 may 
specify the command number for a particular command type 
that is used by the comparator to compare against the received 
command to determine whether the received command is in 
the list of arbitrated commands. 

0053. The command request is transmitted to the PAU 
master of the PAU module, which determines whether to 
allow or not allow the particular command request to proceed. 
If the PAU module determines that a particular command 
request is to proceed, the PAU module can then return a 
command acknowledgment (ACK) 212a to the FPS 206a via 
the respective slave module 204a. The command ACK 212a 
may be received by a command enabler 508, for example, of 
the FPS 206a. The command enabler 508 of the FPS 206a can 
generally operate to issue the particular command type, e.g., 
programming, reading, or erasing a plurality of cells within 
the memory array, via a I/O interface 208a. 
0054. In embodiments in which power arbitration is 
applied to the memory array, the command enabler 508 issues 
a command to the array using any suitable combination of 
hardware and software. For example, a NAND type memory 
cell array having a plurality of storage units Marranged in a 
matrix may be controlled by various types of hardware or 
Software modules, such as a column control circuit, a row 
control circuit, a c-source control circuit, and a c-p-well con 
trol circuit. In this embodiment, the column control circuit is 
connected to bit lines (BL) of the memory cell array for 
reading data stored in the memory cells (M), for determining 
a state of the memory cells (M) during a program operation, 
and for controlling potential levels of the bit lines (BL) to 
promote the programming or to inhibit the programming. The 
row control circuit is connected to word lines (WL) to select 
one of the word lines (WL), to apply read voltages, to apply a 
program voltages combined with the bit line potential levels 
controlled by the column control circuit, and to apply an erase 
Voltage coupled with a Voltage of p-type regions (labeled as 
“c-p-well in FIG. 6) on which the memory cells (M) are 
formed. The c-source control circuit controls the common 
source lines (labeled as “c-source' in FIG. 6) connected to the 
memory cells (M). The c-p-well control circuit controls the 
voltage of the c-p-well. 
0055. Other types of modules may also be implemented 
for various array operations, such as data I/O buffers for input 
and output of data to and from the array, a command interface 
for receiving command data for controlling the memory array 
from the external I/O lines from a respective FPS, one or more 
state machines for controlling various memory array modules 
(e.g., the column control circuit, the row control circuit, the 
c-source control circuit, the c-p-well control circuit, and the 
data I/O buffer) and for outputting status data of the flash 
memory, such as READY/BUSY or PASS/FAIL. 
0056. With reference to FIG. 6, an example structure of a 
memory cell array is briefly described. A flash EEPROM of a 
NAND type is described as an example. The memory cells 
(M) are partitioned into a number of blocks, 1,024 in a spe 
cific example. The data stored in a particular block are simul 
taneously erased. In this implementation, the block is the 
minimum unit of a number of cells that are simultaneously 
erasable. In each block, there are N columns, N=8,512 in this 
example, that are divided into left columns and right columns, 
as described in further U.S. Pat. No. 6,522,580, which patent 
is incorporated by reference herein. The bit lines are also 
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divided into left bit lines (BLL) and right bit lines (BLR). 
Four memory cells connected to the word lines (WL0 to 
WL3) at each gate electrode are connected in series to form a 
NAND cell unit. One terminal of the NAND cell unit is 
connected to corresponding bit line (BL) via a first select 
transistor (S) which gate electrode is coupled to a first (Drain) 
select gate line (SGD), and another terminal is connected to 
the c-source via a second (Source) select transistor (S) which 
gate electrode is coupled to a second select gate line (SGS). 
Although four floating gate transistors are shown to be 
included in each cell unit, for simplicity, other numbers of 
transistors, such as 8, 16, 32 or even 64 or more, are used. In 
Some memory systems more than 8.512 columns (bit lines) 
may be provided, for example 67840 columns. FIG. 6 also 
includes a connection, C-p-well, for Supplying the well Volt 
age. 

0057. In each block, in this example, 8,512 columns are 
divided into even columns and odd columns. The bit lines are 
also divided into even bit lines (BLe) and odd bit lines (BLO). 
Four memory cells connected to the word lines (WL0 to 
WL3) at each gate electrode are connected in series to form a 
NAND cell unit. One terminal of the NAND cell unit is 
connected to corresponding bit line (BL) via a first select 
transistor (S) which gate electrode is coupled to a first select 
gate line (SGD), and another terminal is connected to the 
c-source via a second select transistor (S) which gate elec 
trode is coupled to a second select gate line (SGS). Although, 
for simplicity, four floating gate transistors are shown to be 
included in each cell unit, a higher number of transistors, such 
as 8, 16 or even 32, are used. 
0.058. In an alternate set of embodiments, as described in 
U.S. Pat. No. 6,771.536, which is herein incorporated by 
reference, the array can be divided into left and right portions 
instead of the odd-even arrangement. The left and right sides 
may additionally have independent well structures with the 
right and left sides of the array each formed over Such separate 
well structures, allowing the Voltage levels to be set indepen 
dently by the c-p-well control circuit. In a further variation, 
this could also allow erasure of a sub-block of less than all of 
the partitions of a block. Further variations that are compat 
ible with the present invention are also described in U.S. Pat. 
No. 6,771,536. 
0059. In the exemplary embodiments, the page size is 512 
bytes, which is smaller than the cell numbers on the same 
word line. This page size is based on user preference and 
convention. Allowing the word line size to correspond to 
more than one page's worth of cells saves the X-decoder (row 
control circuit 3) space since different pages worth of data can 
share the decoders. During a user data read and programming 
operation, N=4,256 cells (M) are simultaneously selected in 
this example. The cells (M) selected have the same word line 
(WL), for example WL2, and the same kind of bit line (BL). 
Therefore, 532 bytes of data can be read or programmed 
simultaneously. This 532B data simultaneously read or pro 
grammed forms a "page” logically. Therefore, one block can 
store at least eight pages. When each memory cell (M) stores 
two bits of data, namely a multi-level cell, one block stores 16 
pages in the case of two bit per cell storage. In this embodi 
ment, the storage element of each of the memory cells, in this 
case the floating gate of each of the memory cells, stores two 
bits of user data. 
0060 Regardless of the particular memory configuration, 
the controller can be connected or connectable with a host 
system, Such as a personal computer, a digital camera, or a 
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personal digital assistant. The host can initiate commands, 
Such as to store or read data to or from the memory array, and 
provide or receive such data, respectively. In general, an FPS 
of the controller converts Such commands into command 
signals that can be interpreted and executed by the command 
circuits of the array. However, the FPS only converts such 
commands to signals after receiving permission from the 
PAU 

0061 Although the power arbitration techniques are 
mostly described herein in relation to controlling a memory 
array via its various control hardware and software, the arbi 
tration techniques may also be used to control power with 
respect to commands issued for other components of the 
memory system, which are sources of high power consump 
tion, such as ECC (error correction code) and AES (advanced 
encryption standard) engines. The PAU may also or alterna 
tively be configured to interface with various command mod 
ules of these other components. 
0062 Although the foregoing invention has been 
described in some detail for purposes of clarity of understand 
ing, it will be apparent that certain changes and modifications 
may be practiced within the Scope of the appended claims. 
Therefore, the described embodiments should be taken as 
illustrative and not restrictive, and the invention should not be 
limited to the details given herein but should be defined by the 
following claims and their full scope of equivalents. 
What is claimed is: 

1. A method for managing power in a memory system 
having a controller and nonvolatile memory array, the method 
comprising: 

prior to execution of each command with respect to the 
memory array, receiving a request for execution of Such 
command with respect to the memory array; and 

in response to receipt of each request for each command, 
allowing or withholding execution of Such command 
with respect to the memory array based on whether such 
command, together with execution of other commands, 
is estimated to exceed a predetermined power usage 
specification for the memory system. 

2. The method of claim 1, wherein the memory array is 
formed within multiple die and/or multiple planes that are 
accessible in parallel. 

3. The method of claim 1, wherein allowing or withholding 
execution of each command with respect to the memory array 
is further based on whether such command has a type of 
command that has been previously executed more than a 
predetermined threshold number of times. 

4. The method of claim 1, wherein allowing or withholding 
execution of each command with respect to the memory array 
is further based on a configurable decision matrix describing 
necessary delays between execution of each different type of 
command or a combination of commands. 

5. The method of claim 1, wherein each request for execu 
tion of a command with respect to the memory array is 
received by a power arbitration unit of the controller. 

6. The method of claim 1, further comprising: prior to 
execution of each command with respect to the controller, 
receiving a request for execution of Such command with 
respect to the controller, and in response to receipt of each 
request for execution of each command with respect to the 
controller, allowing or withholding execution of Such com 
mand with respect to the controller based on whether such 
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command, together with execution of other commands, is 
estimated to exceed a predetermined power usage specifica 
tion for the memory system. 

7. The method of claim 6, wherein each request that is 
received with respect to the controller is received with respect 
to an error correction coding (ECC) module an encryption 
module of the controller. 

8. A memory system comprising: 
a nonvolatile memory array for storing data; 
a flash protocol sequencer (FPS) for accessing the memory 

array and prior to Such accessing, requesting permission 
from a power arbitration unit to access such memory 
array; 

the power arbitration unit (PAU) for allowing or withhold 
ing permission to the FPS for accessing the memory 
array, wherein the PAU is configured to determine 
whether to allow or withhold based on whether such 
command, together with execution of other commands, 
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is estimated to exceed a predetermined power usage 
specification for the memory system. 

9. The memory system of claim 8, wherein the memory 
array is formed within multiple die and/or multiple planes 
that are accessible in parallel. 

10. The memory system of claim 8, wherein allowing or 
withholding execution of each command with respect to the 
memory array is further based on whether Such command has 
a type of command that has been previously executed more 
than a predetermined threshold number of times. 

11. The memory system of claim 8, wherein allowing or 
withholding execution of each command with respect to the 
memory array is further based on a configurable decision 
matrix describing necessary delays between execution of 
each different type of command or a combination of com 
mands. 


