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(57) Abstract: A system and method is disclosed for an electronic device, such as a non-volatile memory associated with a host, to
determine a current sourcing capability of the host and to adjust performance characteristics of the electronic device based on the
determined current sourcing capability. The system may include an input current source testing circuit, device function circuitry and a
controller configured to determine a current sourcing capability of a host with the input current source testing circuit, select a device
performance parameter associated with the determined current sourcing capability and operate the device function circuitry according to
the device performance parameter until detecting a power-oft event. The method may include the electronic device reducing a resistance
presented to the host to a plurality of predetermined resistance levels to determine the current sourcing capability of the host and utilizing
the results of the determination to select associated device performance parameters.
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SYSTEM AND METHOD FOR ADJUSTING DEVICE PERFORMANCE
BASED ON SENSED HOST CURRENT SOURCING CAPABILITY

BACKGROUND
[0001] Computer systems, communication devices and other host
systems often work with peripheral devices or removable devices to
enhance the function of the host system. For example, storage systems,
such as solid state drives (SSDs) including NAND flash memory, are
commonly used in electronic systems ranging from consumer products to
enterprise-level computer systems. Many consumers are familiar with the
various types of portable USB or card format non-volatile memory systems.
Innovations in capabilities of these storage devices may outpace the ability
of manufacturers of hosts that utilize these storage systems to keep up. In
order to provide basic functionality to a host, a storage device generally
needs to be designed to work with a minimum specified power supply that
a host is supposed to provide according to the applicable standard. There
may be instances where a storage device or other peripheral may be able
to provide a higher level of performance to a host, but only if the storage
device can access resources, such as additional power, that a host is not

required to provide according to a known standard or protocol.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1A is a block diagram of an example electronic device
having host current source capability sensing circuitry.

[0003] FIG. 1B is a block diagram of an alternative embodiment of the
electronic device of FIG. 1A.

[0004] FIG. 2 is a flow diagram illustrating an embodiment of a method
of adjusting performance parameters of an electronic device such as
shown in FIGS. 1A and 1B based on a determined host current sourcing
capability.

[0005] FIG. 3is a flow diagram of a method of initiating a host current

sourcing capability test such as disclosed in FIG. 2.
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[0006] FIG. 4is a block diagram of an example nonvolatile memory
system that may be used as the electronic device of FIGS 1A and 1B.
[0007] FIG. 5A is a block diagram illustrating exemplary components of
a controller of a non-volatile memory system.

5 [0008] FIG. 5B is a block diagram illustrating exemplary components of
a non-volatile memory of the non-volatile memory storage system of FIG.
5A.

DETAILED DESCRIPTION

10 [0009] A method and system are disclosed below for an electronic
device, connectable with a host, to adjust its performance parameters to
take advantage of additional detected current sourcing capabilities of the
host beyond an expected default capability. The electronic device may
include a current sourcing test circuit that is controllable to change a

15 resistance presented by the electronic device to the host. The voltage
supplied by the host to the electronic device may be measured at the
changed resistance to gauge whether the host can support the greater
current sourcing needs of the electronic device. Depending on the results
of the determined current sourcing capability, the electronic device may

20 then adjust its performance parameters accordingly. If the determined
sourcing capability is not greater than the expected amount, then a default
performance parameter may be utilized, and if a higher current sourcing
capability of the host is detected, than a higher performance parameter
may be selected to utilize the extra current and provide greater

25 performance. The performance parameters may simply be a default and a
single enhanced performance level, or there may be more than two levels
of current sourcing capability that may be detected, each having a different
associated set of one or more performance parameters exclusively
associated with a particular detected current sourcing capability.

30 [0010] According to one aspect, a method is disclosed for adjusting
device performance parameters for an electronic device. The method may

include detecting a connection with a host and generating a busy indicator
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at the device identifiable by the host as representing that the device is in a
busy state. The electronic device may then automatically determine a
current sourcing capability of the host via the connection and select a
device performance parameter from a plurality of device performance
parameters based on the determined current sourcing capability.

[0011] According to another aspect of the invention, an electronic device
removably attachable to a host is disclosed. The electronic device may
include an input current source testing circuit, device function circuitry, and
a controller in communication with the input current source testing circuit
and the device function circuitry. The controller may be configured to,
upon detection of an initial power-on voltage from the host, determine a
current sourcing capability of the host at a plurality of current sourcing
levels with the input current source testing circuit. The controller may be
further configured to select a device performance parameter from a
plurality of device performance parameters for the device function circuitry,
where the selected device performance parameter is associated with the
determined current sourcing capability. The controller may then cause the
device function circuitry to operate according to the selected device
performance parameter until detecting a power-off event.

[0012] In different implementations, the input current source testing
circuit may have a plurality of processor selectable resistance paths
arranged for individual selection of only one of the plurality of resistance
paths at any one time, where each of the plurality of resistance paths is a
different resistance than each other of the resistance paths. The
processor selectable resistance paths may each include a resistor. To test
the current sourcing capability of the host, the controller in the electronic
device may be configured to alter an input resistance presented to the host
via the input current source testing circuit until an input voltage from the
host falls below a predetermined threshold. In one implementation, the
electronic device may be a non-volatile memory system, and the device

function circuitry may be a plurality of non-volatile memory die.
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[0013] In yet another implementation, an electronic device is disclosed
that is removably attachable to a host via a host connection. The
electronic device may include device function circuitry and means for
determining a current sourcing capability of the host via the connection.
The electronic device may further include means for selecting a device
performance parameter from a plurality of device performance parameters
based on the determined current sourcing capability and for operating the
device function circuitry according to the selected device performance
parameter.

[0014] FIG. 1A is a block diagram illustrating a host 102 connected with
an electronic device 104. The host may be a computer, mobile phone,
tablet, or any of a number of known devices that may connect with, and
supply power to, other electronic devices, such as peripheral devices. The
electronic device 104 is illustrated as connected to the host via a voltage
supply line 116. In one implementation, the voltage supply line 116 is
representative of the supply line that may be created by connector portions
on each of the host 102 and electronic device 104, for example a universal
serial bus (USB) connection, that cooperate to allow electronic devices to
be removably connected with hosts. Any of a number of other
complementary connector types may be utilized in different embodiments.
[0015] The electronic device may include a host current sourcing test
circuit 106 made up of resistive elements, such as resistors R1, R2 and R3
that are connectable between the voltage supply line 116 and ground via
respective switches S1, S2 and S3. The electronic device 104 may
include a processor 110, functional circuitry 112 for manipulating data
accessible by the host and a memory having performance parameters 114
that govern the performance settings of the functional circuitry and/or the
processor 110. The host current sourcing test circuit 106 shown in FIG. 1A
may be controlled by the processor 110 to present a different resistance to
the host 102 than a default resistance of the electronic device via the three
independently controllable resistors R1, R2, R3. As described in greater

detail below, the resistors R1, R2, and R3 may be connected separately,
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or in parallel, to reduce the resistance presented to the host over the
voltage supply line 116. Resistors R1, R2, and R3 may be connected or
disconnected to the voltage supply line by switches S1, S2 and S3
controlled over control line 118 by the processor 110. The various
illustrated components of the electronic device 104 may part of a single
integrated circuit, or may be discrete elements.

[0016] Referring to FIG. 1B, an alternative implementation of the
electronic device 104’ is shown where the host current sourcing test circuit
106’ is a discrete integrated circuit, for example a separate integrated
circuit die. The processor 110, functional circuitry 112 and memory having
performance parameters 114 are all formed on a separate integrated
circuit 108 that may be a stand-alone die packaged with the current
sourcing test circuit 106’. Other variations of integrated or discrete
portions of the overall electronic device 104 illustrated in FIG. 1A are also
contemplated. Additionally the host current source testing circuit 106, 106’
may be any of a number of other circuit configurations, have fewer or
greater number of resistive paths, and may even be integrated into the
processor circuitry on a single application specific integrated circuit (ASIC).
The resistors R1, R2, R3 may be combined into a single electronically
adjustable resistor, or be multiple electronically adjustable resistances to
provide even finer granularity resistance changes in other
implementations.

[0017] Referring now to FIG. 2, a method of utilizing an electronic
device 104, 104’ with a testing circuit 106, 106’ such as shown in FIGS.
1A-1B is shown. At power up of the electronic device 104, when the
electronic device is first connected to the host 102 and the host provides
initial power up voltage and current, the device is in an idle state such that
no host commands are pending. In some implementations, the electronic
device may set a busy indicator internally that the host may access to
recognize that the device is not ready for receiving host commands. The
busy indicator may be a flag, a message, or a voltage that the electronic

device 104 generates and either provides for sensing by the host 102 or
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transmits to the host 102 so that host remains in an idle state where no
commands are sent to the device.

[0018] The processor 110 may then start its initialization process when
the voltage supply has stabilized from the host, assuming the host is
configured to only provide the specified amount of current and voltage
associated with a known default specification. The processor of the
electronic device will make sure to limit its performance level to draw no
more than the predetermined specified current from the host and then
verify the voltage level that the host maintains over the voltage channel
116 (at 202, 204). For example, if the electronic device is a USB 3.0
device, then, in conformance with the expected default host sourcing
capabilities of this protocol, the processor at power-up will draw no more
than the 900 milliampere (mA) current from the host and the processor will
sense the voltage from the host.

[0019] Once the baseline host voltage is measured for the specified
current sourcing, which should be 5 volts at 900 mA assuming the USB 3.0
example, the processor may reduce the resistance presented to the host
(at 206). For example, the processor may engage S1 to enable R1, which
is a resistance set to draw more current at the baseline voltage than the
specified 900 mA. In this example, assuming that the baseline voltage is 5
volts, then if R1 is a 5 Ohm resistor, the current should be closer to 1000
mA if the host is able to provide current beyond the 900 mA specification.
Once R1 is enabled, the processor then measures the host voltage being
supplied to see if it dipped below a predetermined acceptable level (at
208). The predetermined level may be up to a 5 percent drop in voltage,
or 4.75 volts in this example. If the voltage measured after enabling R1 is
less than the acceptable predetermined level, here less than 4.75 volts,
then the processor may automatically disable R1 by opening S1 and revert
to maintaining the performance level of the electronic device at the default
performance level because the host cannot source sufficient current at the
desired voltage level (at 210). The electronic device would then finish its

enumeration with the host and be recognized by the operating system
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(OS) such that a user could access or view the electronic device in the
host. In one implementation, if the electronic device was a memory
device, the OS would then recognize the device and provide it a drive letter
(at 226).

[0020] If, however, the host voltage measured after enabling R1 is still
within the predetermined range of the baseline voltage (e.g. within 5% of
the baseline voltage, or 4.75v — 5.0v here), then the processor may
continue testing the limits of the current sourcing capabilities of the host (at
208). In this instance, the processor would introduce a further resistance
reduction (at 212). In this example, the processor may engage both
switches S1 and S2 to enable R2 in parallel with R1. The lowered
resistance of R1 in parallel with R2 may be 4.6 ohms in this example
(where R1 =5 ohms and R2 = §7.5 ohms). If the monitored host voltage
subsequently drops more than the predetermined amount (5 percent in this
example), then the processor disables R1 and R2 and selects performance
parameters 114 for the electronic device 104 that correspond to a host
current sourcing ability greater than the specified 900 mA, but less than the
1.086 amps that the R1 and R2 parallel setting was seeking (at 216, 226).
Alternatively, if the monitored host voltage stayed within the predetermined
voltage range of 5% of the baseline level, then the testing of current
sourcing capability may continue for another round and the processor may
engage the lowest current sourcing detection resistance to see if the
maximum amount of current is available that would allow the electronic
device to maximize performance of the functional circuitry (at 218). In the
electronic device example of FIGS. 1A and 1B, the processor 110 would
test for this maximum possible current sourcing by switching switches S3,
S2 and S1 to enable resistors R3, R2 and R1 to operate in parallel.
Assuming the desired resistance of the three resistors in parallel is 4.5
ohms (Where R3 is approximately 207 ohms) a current of approximately
1.111 amps may be tested for. Again, the voltage from the host may be
subsequently measured and, if still within the 5% desired range, the

processor may then retrieve and implement the performance parameters
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associated with that highest host current sourcing capability (at 224),
otherwise the processor would retrieve and implement the performance
parameters for the last current sourcing level where the host maintained
the desired voltage, in this example the performance level that uses the
possible 1.086 amp current sourcing (at 222, 226).

[0021]  After going through the various levels of current sourcing tests,
the electronic device 104 may fully enumerate to operate at the
performance level commensurate with the performance parameters that
match the tested current sourcing capability of the host (at 226). This
performance parameter setting may be maintained, without further current
sourcing testing or adjustment, until a next power-on sequence is detected
by the processor for the electronic device. In one implementation, the
electronic device 104 may change the busy indicator for the device, to
indicate to the host 102 that it is no longer busy after determining the host
current sourcing capability and setting the performance parameter(s), and
allow the host 102 to complete its initialization process, recognize the
electronic device and send commands to the electronic device.

[0022] For purposes of illustration only, the above example host current
sourcing detection included 3 discrete testing levels for current sourcing (a
first, a second and a maximum level). This amount may be as few as two
different levels or as many testing levels as desired. It is contemplated
that the testing levels may be set to the levels at which the electronic
device can add a particular new function or new level of functionality with
the added current sourcing being tested for. Also, the USB 3.0
specification of 5 volt and 900 mA default standards is provided by way of
example only. Any other specification (also referred to herein as protocol),
along with its default current and voltage specifications, may be utilized in
different implementations. Additionally, the specific 5% ranges mentioned
above may be adjusted to tighter or wider voltage ranges in different
implementations, and the ranges may change at different host current

sourcing test levels, for example the acceptable voltage range may be 5 %
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at the first resistance level, but less than 5 % at lower resistance levels
(i.e., at higher host current sourcing levels).

[0023] In one implementation, the process of measuring host current
sourcing capability described above may include the processor 110 of the
electronic device 104 measuring the default voltage provided when the
electronic device is initially configured at the default performance level, in
other words configured to draw no more than the current specified by the
specifications of the default standard or protocol (e.g. USB 2.0, USB 3.0 or
other industry default standards having specific minimum current sourcing
requirements). The actual sensed voltage provided by a particular host
102 may be, for example, 4.8 volts rather than the expected 5.0 volts. The
processor 110 may use this actual sensed voltage as the baseline from
which the 5 percent acceptable range is calculated, rather than a fixed
voltage range from an expected voltage.

[0024] In one implementation, the testing for host current sourcing
capability may be automatic every time the electronic device detects a
power-up operation. In other embodiments, the testing of host current
source capabilities may be optional. Referring to FIG. 3, the electronic
device may, prior to engaging in the current source capability testing of
FIG. 2, first identify an initial power-up condition where sufficient power
from the host is received (when the host is initially turned on or the
electronic device is first connected to a host that is already powered on) (at
302). The processor 110 of the electronic device 104 may then check to
see if a current source test is desired (at 304) and then initiate the testing
of current sourcing capabilities of the host 102 prior to completing the
enumeration (full power on initialization) of the electronic device 104 (at
306). The detection of the current sourcing test mode may be as basic as
looking at a mode switch setting on the electronic device, or may be part of
a user query and response via a user interface upon startup. For example,
the electronic device 104 may be configured with a mode switch that a
user can physically access from the outside housing of the electronic

device to select between a current source testing mode such as described
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in FIG. 2, or a non-testing mode where the electronic device 104 will only
operate at a default performance level, relying on the industry specified
current sourcing for the particular standard, and will not engage in testing
for possible additional current sourcing capabilities. In yet other
implementations, the current source capability of the host 102 may be
selected by a user via a user interface when the electronic device 104 is
initially powered up. In this latter implementation, the processor 110 of the
electronic device 104 may transmit user interface information to cause the
host 102 to display a current sourcing test query to the user on initial
power up, but before the electronic device has finished the power up
process, where the user can respond yes or no to the testing via the
interface generated.

[0025] The electronic device 104 disclosed above, may be any of a
number of known devices that can be attached to a host and receives it
power from the host connection. In one implementation, the electronic
device 104 may be a memory system, such as a non-volatile memory,
where the functional circuitry may be non-volatile memory die, such as
flash memory die and the processor may be a controller for the non-volatile
memory. FIG. 4 is a block diagram illustrating a non-volatile memory
system. The non-volatile memory (NVM) system 400 includes a controller
402 and non-volatile memory that may be made up of one or more non-
volatile memory die 404. As used herein, the term die refers to the set of
non-volatile memory cells, and associated circuitry for managing the
physical operation of those non-volatile memory cells, that are formed on a
single semiconductor substrate. Controller 402 interfaces with a host
system and transmits command sequences for read, program, and erase
operations to non-volatile memory die 404.

[0026] The controller 402 (which may be a flash memory controller) can
take the form of processing circuitry, one or more microprocessors or
processors (also referred to herein as central processing units (CPUs)),
and a computer-readable medium that stores computer-readable program

code (e.g., software or firmware) executable by the (micro)processors,
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logic gates, switches, an application specific integrated circuit (ASIC), a
programmable logic controller, and an embedded microcontroller, for
example. The controller 402 can be configured with hardware and/or
firmware to perform the various functions described below and shown in
the flow diagrams. Also, some of the components shown as being internal
to the controller 402 can also be stored external to the controller, and other
components can be used. Additionally, the phrase “operatively in
communication with” could mean directly in communication with or
indirectly (wired or wireless) in communication with through one or more
components, which may or may not be shown or described herein.

[0027] As used herein, a flash memory controller is a device that
manages data stored on flash memory and communicates with a host,
such as a computer or electronic device. A flash memory controller can
have various functionality in addition to the specific functionality described
herein. For example, the flash memory controller can format the flash
memory to ensure the memory is operating properly, map out bad flash
memory cells, and allocate spare cells to be substituted for future failed
cells. Some part of the spare cells can be used to hold firmware to operate
the flash memory controller and implement other features. In operation,
when a host needs to read data from or write data to the flash memory, it
will communicate with the flash memory controller. If the host provides a
logical address to which data is to be read/written, the flash memory
controller can convert the logical address received from the host to a
physical address in the flash memory. The flash memory controller can
also perform various memory management functions, such as, but not
limited to, wear leveling (distributing writes to avoid wearing out specific
blocks of memory that would otherwise be repeatedly written to) and
garbage collection (after a block is full, moving only the valid pages of data
to a new block, so the full block can be erased and reused).

[0028] Non-volatile memory die 404 may include any suitable non-
volatile storage medium, including NAND flash memory cells and/or NOR

flash memory cells. The memory cells can take the form of solid-state



WO 2018/022172 PCT/US2017/031981

10

15

20

25

30

-12 -

(e.g., flash) memory cells and can be one-time programmable, few-time
programmable, or many-time programmable. The memory cells can also
be single-level cells (SLC), multiple-level cells (MLC), triple-level cells
(TLC), or use other memory cell level technologies, now known or later
developed. Also, the memory cells can be fabricated in a two-dimensional
or three-dimensional fashion.

[0029] The interface between controller 402 and non-volatile memory
die 404 may be any suitable flash interface, such as Toggle Mode 200,
400, or 800. In one embodiment, NVM memory system 400 may be a card
based system, such as a secure digital (SD) or a micro secure digital
(micro-SD) card. In an alternate embodiment, memory system 100 may be
part of an embedded memory system.

[0030] Although in the example illustrated in FIG. 4 the NVM system
400 includes a single channel between controller 402 and non-volatile
memory die 404, the subject matter described herein is not limited to
having a single memory channel. For example, in some NAND memory
system architectures 2, 4, 8 or more NAND channels may exist between
the controller and the NAND memory device, depending on controller
capabilities. More than a single channel may exist between the controller
and the memory die, even if a single channel is shown in the drawings.
[0031] FIG. 5A is a block diagram illustrating exemplary components of
controller 502, corresponding to controller 402 of FIG. 4, in more detail.
Controller 502 includes a front end module 508 that interfaces with a host,
a back end module 510 that interfaces with the one or more non-volatile
memory die 504, and various other modules that perform functions which
will now be described in detail. A module may take the form of a packaged
functional hardware unit designed for use with other components, a portion
of a program code (e.g., software or firmware) executable by a
(micro)processor or processing circuitry that usually performs a particular
function of related functions, or a self-contained hardware or software

component that interfaces with a larger system, for example.
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[0032] Modules of the controller 502 may include host current sourcing
test module 512 present on the die of the controller 502. The host current
sourcing test module 512 may provide functionality for managing the use
fast erasure procedures to prevent unauthorized access of data. A buffer
manager/bus controller 514 manages buffers in random access memory
(RAM) 516 and controls the internal bus arbitration of controller 502. A
read only memory (ROM) 518 stores system boot code. Although
illustrated in FIG. 5A as located separately from the controller 502, in other
embodiments one or both of the RAM 516 and ROM 518 may be located
within the controller 502. In yet other embodiments, portions of RAM 516
and ROM 518 may be located both within the controller 502 and outside
the controller. Further, in some implementations, the controller 502, RAM
516, and ROM 518 may be located on separate semiconductor die. As
described in greater detail below, the RAM 516 in the NVM system,
whether outside the controller 502, inside the controller or present both
outside and inside the controller 502, may contain a number of items,
including a copy of all or part of the logical-to-physical mapping tables for
the NVM system 500. Also, the RAM 516 may contain a copy of the
performance parameters 517 that the controller 502 may select from based
on the determined host current sourcing capabilities as discussed above
with respect to FIGS. 1A-1B and 2.

[0033] A separate copy of the performance parameters 517 may be kept
in the non-volatile memory 504. Although the performance parameters
may be directed to any of a number of features of the NVM system 500, in
one implementation, the performance parameters may be instructions to
operate different numbers of the non-volatile memory die at different host
current source levels. For example, the number of non-volatile memory
die 504 included in the NVM system 500 may be eight and the default
performance parameter for hosts only capable of sourcing the specified
amount of current for a particular protocol (e.g. USB 3.0) may include
instructions to only operate 4 of the die 504 at any one time, while the

performance parameter 517 associated with a detected higher host current
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sourcing capability may be instructions to concurrently operate a greater
number of die 504 concurrently to provide greater performance.

[0034] The performance parameters may include more than one
additional feature or type of feature made operational at each different
predetermined current sourcing level. For example, other performance
parameters that may be alternatively or additionally adjusted based on the
determined current sourcing ability of the host may include processor
speed of the processor in the controller, the toggle mode frequency to the
NAND interface, and the number of non-volatile memory die interleaved in
a write operation. The processor speed, where increased processor speed
requires greater current sourcing, may be increased from a default speed
in one or more increments correlated to one or more different host current
sourcing levels being tested for based on the determined host current
sourcing capability. Similarly, the number of NAND die being interleaved
may be increased from a default number to a greater number based on the
determined current sourcing capability of the host. In different
implementations, any of these or other performance parameters for the
NVM system 500 may be increased, alone or in any combination to take
advantage of any additional current sourcing capabilities of a host beyond
the default current sourcing specified for a host using a particular protocol.
Also, although the performance parameters listed above relate to a device
that is a NVM memory system, the same or different performance
parameters may be used in other electronic devices, where additional host
current sourcing capabilities beyond a default expected current sourcing
for an expected specification or protocol may be used by the electronic
device.

[0035] Front end module 508 includes a host interface 520 and a
physical layer interface (PHY) 522 that provide the electrical interface with
the host or next level storage controller. The choice of the type of host
interface 520 can depend on the type of memory being used. Examples of
host interfaces 520 include, but are not limited to, SATA, SATA Express,
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SAS, Fibre Channel, USB, PCle, and NVMe. The host interface 520
typically facilitates transfer for data, control signals, and timing signals.
[0036] Back end module 510 includes an error correction controller
(ECC) engine 524 that encodes the data bytes received from the host, and
decodes and error corrects the data bytes read from the non-volatile
memory. A command sequencer 526 generates command sequences,
such as program and erase command sequences, to be transmitted to
non-volatile memory die 504. A RAID (Redundant Array of Independent
Drives) module 528 manages generation of RAID parity and recovery of
failed data. The RAID parity may be used as an additional level of integrity
protection for the data being written into the NVM system 500. In some
cases, the RAID module 528 may be a part of the ECC engine 524. A
memory interface 530 provides the command sequences to non-volatile
memory die 504 and receives status information from non-volatile memory
die 504. In one embodiment, memory interface 530 may be a double data
rate (DDR) interface, such as a Toggle Mode 200, 400, or 800 interface. A
flash control layer 532 controls the overall operation of back end module
510.

[0037] Additional components of NVM system 500 illustrated in FIG. 5A
include the media management layer 538, which performs wear leveling of
memory cells of non-volatile memory die 504 and manages mapping
tables and logical-to-physical mapping or reading tasks. NVM system 500
also includes other discrete components 540, such as external electrical
interfaces, external RAM, resistors, capacitors, or other components that
may interface with controller 502. In alternative embodiments, one or more
of the physical layer interface 522, RAID module 528, media management
layer 538 and buffer management/bus controller 514 are optional
components that are not necessary in the controller 502.

[0038] FIG. 5B is a block diagram illustrating exemplary components of
non-volatile memory die 504 in more detail. Non-volatile memory die 504
includes peripheral circuitry 541 and non-volatile memory array 542 with

address decoders 548, 550. Non-volatile memory array 542 includes the
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non-volatile memory cells used to store data. The non-volatile memory
cells may be any suitable non-volatile memory cells, including NAND flash
memory cells and/or NOR flash memory cells in a two dimensional and/or
three dimensional configuration. Peripheral circuitry 541 includes a state
machine 552 that provides status information to controller 502. Non-
volatile memory die 504 further includes a data cache 556 that caches
data being read from or programmed into the non-volatile memory cells of
the non-volatile memory array 542. The data cache 556 comprises sets of
data latches 558 for each bit of data in a memory page of the non-volatile
memory array 542. Thus, each set of data latches 558 may be a page in
width and a plurality of sets of data latches 558 may be included in the
data cache 556. For example, for a non-volatile memory array 542
arranged to store n bits per page, each set of data latches 558 may include
N data latches where each data latch can store 1 bit of data.

[0039] In one implementation, an individual data latch may be a circuit
that has two stable states and can store 1 bit of data, such as a set/reset,
or SR, latch constructed from NAND gates. The data latches 558 may
function as a type of volatile memory that only retains data while powered
on. Any of a number of known types of data latch circuits may be used for
the data latches in each set of data latches 558. Each non-volatile
memory die 504 may have its own sets of data latches 558 and a non-
volatile memory array 542. Peripheral circuitry 541 includes a state
machine 552 that provides status information to controller 502. Peripheral
circuitry 541 may also include additional input/output circuitry that may be
used by the controller 502 to transfer data to and from the latches 558, as
well as an array of sense modules operating in parallel to sense the
current in each non-volatile memory cell of a page of memory cells in the
non-volatile memory array 542. Each sense module may include a sense
amplifier to detect whether a conduction current of a memory cell in
communication with a respective sense module is above or below a

reference level.
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[0040] The non-volatile flash memory array 542 in the non-volatile
memory 504 may be arranged in blocks of memory cells. A block of
memory cells is the unit of erase, i.e., the smallest number of memory cells
that are physically erasable together. For increased parallelism, however,
the blocks may be operated in larger metablock units. One block from each
of at least two planes of memory cells may be logically linked together to
form a metablock.

[0041] In the present application, semiconductor memory devices such
as those described in the present application may include volatile memory
devices, such as dynamic random access memory (“DRAM”) or static
random access memory (“SRAM”) devices, non-volatile memory devices,
such as resistive random access memory (“ReRAM”"), electrically erasable
programmable read only memory (“EEPROM”"), flash memory (which can
also be considered a subset of EEPROM), ferroelectric random access
memory (“FRAM”), and magnetoresistive random access memory
(“MRAM”), and other semiconductor elements capable of storing
information. Each type of memory device may have different
configurations. For example, flash memory devices may be configured in
a NAND or a NOR configuration.

[0042] The memory devices can be formed from passive and/or active
elements, in any combinations. By way of non-limiting example, passive
semiconductor memory elements include ReRAM device elements, which
in some embodiments include a resistivity switching storage element, such
as an anti-fuse, phase change material, etc., and optionally a steering
element, such as a diode, etc. Further by way of non-limiting example,
active semiconductor memory elements include EEPROM and flash
memory device elements, which in some embodiments include elements
containing a charge storage region, such as a floating gate, conductive
nanoparticles, or a charge storage dielectric material.

[0043] Multiple memory elements may be configured so that they are
connected in series or so that each element is individually accessible. By

way of non-limiting example, flash memory devices in a NAND
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configuration (NAND memory) typically contain memory elements
connected in series. A NAND memory array may be configured so that the
array is composed of multiple strings of memory in which a string is
composed of multiple memory elements sharing a single bit line and
accessed as a group. Alternatively, memory elements may be configured
so that each element is individually accessible, e.g., a NOR memory array.
NAND and NOR memory configurations are exemplary, and memory
elements may be otherwise configured.

[0044] The semiconductor memory elements located within and/or over
a substrate may be arranged in two or three dimensions, such as a two
dimensional memory structure or a three dimensional memory structure.
[0045] In a two dimensional memory structure, the semiconductor
memory elements are arranged in a single plane or a single memory
device level. Typically, in a two dimensional memory structure, memory
elements are arranged in a plane (e.g., in an x-z direction plane) which
extends substantially parallel to a major surface of a substrate that
supports the memory elements. The substrate may be a wafer over or in
which the layer of the memory elements are formed or it may be a carrier
substrate which is attached to the memory elements after they are formed.
As a non-limiting example, the substrate may include a semiconductor
such as silicon.

[0046] The memory elements may be arranged in the single memory
device level in an ordered array, such as in a plurality of rows and/or
columns. However, the memory elements may be arrayed in non-regular
or non-orthogonal configurations. The memory elements may each have
two or more electrodes or contact lines, such as bit lines and word lines.
[0047] A three dimensional memory array is arranged so that memory
elements occupy multiple planes or multiple memory device levels, thereby
forming a structure in three dimensions (i.e., in the x, y and z directions,
where the y direction is substantially perpendicular and the x and z

directions are substantially parallel to the major surface of the substrate).
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[0048] As a non-limiting example, a three dimensional memory structure
may be vertically arranged as a stack of multiple two dimensional memory
device levels. As another non-limiting example, a three dimensional
memory array may be arranged as multiple vertical columns (e.g., columns
extending substantially perpendicular to the major surface of the substrate,
i.e., in the y direction) with each column having multiple memory elements
in each column. The columns may be arranged in a two dimensional
configuration, e.g., in an x-z plane, resulting in a three dimensional
arrangement of memory elements with elements on multiple vertically
stacked memory planes. Other configurations of memory elements in
three dimensions can also constitute a three dimensional memory array.
[0049] By way of non-limiting example, in a three dimensional NAND
memory array, the memory elements may be coupled together to form a
NAND string within a single horizontal (e.g., x-z) memory device levels.
Alternatively, the memory elements may be coupled together to form a
vertical NAND string that traverses across multiple horizontal memory
device levels. Other three dimensional configurations can be envisioned
wherein some NAND strings contain memory elements in a single memory
level while other strings contain memory elements which span through
multiple memory levels. Three dimensional memory arrays may also be
designed in a NOR configuration and in a ReRAM configuration.

[0050] Typically, in a monolithic three dimensional memory array, one or
more memory device levels are formed above a single substrate.
Optionally, the monolithic three dimensional memory array may also have
one or more memory layers at least partially within the single substrate.

As a non-limiting example, the substrate may include a semiconductor
such as silicon. In a monolithic three dimensional array, the layers
constituting each memory device level of the array are typically formed on
the layers of the underlying memory device levels of the array. However,
layers of adjacent memory device levels of a monolithic three dimensional
memory array may be shared or have intervening layers between memory

device levels.
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[0051] Then again, two dimensional arrays may be formed separately
and then packaged together to form a non-monolithic memory device
having multiple layers of memory. For example, non-monolithic stacked
memories can be constructed by forming memory levels on separate
substrates and then stacking the memory levels atop each other. The
substrates may be thinned or removed from the memory device levels
before stacking, but as the memory device levels are initially formed over
separate substrates, the resulting memory arrays are not monolithic three
dimensional memory arrays. Further, multiple two dimensional memory
arrays or three dimensional memory arrays (monolithic or non-monolithic)
may be formed on separate chips and then packaged together to form a
stacked-chip memory device.

[0052] Associated circuitry is typically required for operation of the
memory elements and for communication with the memory elements. As
non-limiting examples, memory devices may have circuitry used for
controlling and driving memory elements to accomplish functions such as
programming and reading. This associated circuitry may be on the same
substrate as the memory elements and/or on a separate substrate. For
example, a controller for memory read-write operations may be located on
a separate controller chip and/or on the same substrate as the memory
elements.

[0053] One of skill in the art will recognize that this invention is not
limited to the two dimensional and three dimensional exemplary structures
described but cover all relevant memory structures within the spirit and
scope of the invention as described herein and as understood by one of
skill in the art.

[0054] Methods and systems have been disclosed for testing a current
sourcing capacity of a host to allow an electronic device, such as a non-
volatile memory system, to adjust its performance parameters based on
whether more than a standard amount of current can be accessed from the
host. Electronic devices that include extra functionality and/or higher

performance operating modes, but that cannot reliably operate in the
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higher performance mode without sufficient current, can adjust their
performance to ensure stable operation when only a minimum current
sourcing capability is detected, or reliably implement higher performance
features if the host can provide that higher current associated with the
higher performance needs. The testing may be performed by the
electronic device on the host prior to fully completing the enumeration
process where the device is fully recognized by the host and available for
use. During this time, while the electronic device is idle, the electronic
device may adjust the resistance it presents to the host to see if the host
can source a greater amount of current than a predetermnie3nd
specification, while maintaining a supply voltage to the electronic device
that is within a predetermined acceptable range.

[0055] It is intended that the foregoing detailed description be
understood as an illustration of selected forms that the invention can take
and not as a definition of the invention. It is only the following claims,
including all equivalents, that are intended to define the scope of the
claimed invention. Finally, it should be noted that any aspect of any of the
preferred embodiments described herein can be used alone or in

combination with one another.
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| CLAIM:

1. A method for adjusting device performance parameters for a device,
the method comprising:
5 detecting a connection with a host;

generating a busy indicator at the device identifiable by the host as
representing that the device is in a busy state;

determining a current sourcing capability of the host via the
connection; and

10 selecting a device performance parameter from a plurality of device

performance parameters based on the determined current sourcing

capability.

2. The method of claim 1, wherein detecting the connection comprises

15 detecting a predetermined initial power-up voltage from the host.

3. The method of claim 2, wherein generating the busy indication

comprises transmitting the busy indicator to the host over the connection.

20 4. The method of claim 1, wherein determining the current sourcing
capability comprises changing a resistance presented to the host over the
connection from a default resistance and subsequently measuring a

voltage supply level from the host.

25 5. The method of claim 4, wherein changing the resistance comprises:
switching the resistance from the default resistance to a first
resistance lower than the default resistance; and
wherein when the subsequently measured voltage supply remains
within a predetermined voltage range, the memory system selects a higher

30 current consumption device performance parameter.
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6. The method of claim 5, wherein the device is a memory system and
the higher current consumption device performance parameter comprises
an increased number of concurrently active non-volatile memory die over a

default number of concurrently active non-volatile memory die.

7. The method of claim 4, further comprising maintaining the selected

device performance parameter until a power-off event is detected.

8. An electronic device removably attachable to a host, the electronic
device comprising:
an input current source testing circuit;
device function circuitry; and
a controller in communication with the input current source testing
circuit and the device function circuitry, the controller configured to:
upon detection of an initial power-on voltage from the host,
determine a current sourcing capability of the host at a plurality of
current sourcing levels with the input current source testing circuit;
select a device performance parameter for the device function
circuitry associated with the determined current sourcing capability
from a plurality of device performance parameters; and
operate the device function circuitry according to the device

performance parameter until detecting a power-off event.

9. The electronic device of claim 8, wherein the input current source
testing circuit comprises a plurality of processor selectable resistance

paths.

10.  The electronic device of claim 9, wherein the plurality of processor
selectable resistance paths are arranged for individual selection of only
one of the plurality of resistance paths at any one time, wherein each of
the plurality of resistance paths is a different resistance than each other of

the resistance paths.
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11.  The electronic device of claim 9, wherein the plurality of processor
selectable resistance paths are arranged for selection of one of the
plurality of resistance paths or selection of multiple ones of the plurality of

resistance paths in parallel at any one time.

12.  The electronic device of claim 9, wherein each of the plurality of

resistance paths comprise a resistor.

13.  The electronic device of claim 9, wherein to determine the current
sourcing capability of the host at the plurality of current sourcing levels, the
controller is configured to alter an input resistance presented to the host
via the input current source testing circuit until an input voltage from the

host falls below a predetermined threshold.

14. The electronic device of claim 13, wherein the electronic device

comprises a non-volatile memory system.

15.  The electronic device of claim 13, wherein the controller is
configured to alter the input resistance by reducing the input resistance

presented to the host via the input current source testing circuit.

16.  The electronic device of claim 8, wherein the electronic device
comprises a non-volatile memory system, and the device function circuitry

comprises a plurality of non-volatile memory die.

17.  The electronic device of claim 16, wherein the device performance
parameters comprise a number of concurrently active non-volatile memory

die of the plurality of non-volatile memory die.

18.  The electronic device of claim 16, wherein at least one of the

plurality of non-volatile memory die comprises a silicon substrate and a
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plurality of memory cells forming a monolithic three-dimensional structure,
wherein at least one portion of the memory cells is vertically disposed with

respect to the silicon substrate.

19.  An electronic device removably attachable to a host via a host
connection, the electronic device comprising:

device function circuitry; and

means for determining a current sourcing capability of the host via
the connection; and

means for selecting a device performance parameter from a plurality
of device performance parameters based on the determined current
sourcing capability and for operating the device function circuitry according

to the selected device performance parameter.

20. The electronic device of claim 19, wherein the electronic device
comprises a non-volatile memory system, and the device function circuitry

comprises a plurality of non-volatile memory die.



PCT/US2017/031981

WO 2018/022172

vl Ol

0l

c0l

¢l

0Ll

/

e

AdLINJHIO
TYNOILONNG [**
40S8S3004dd
SHALINVHVd <> NOW A\
JONVINHO4d3d

8Ll

901

ld

ST1041LNOD
>

1S

142

91l

1SOH

1/6



PCT/US2017/031981

WO 2018/022172

gl Old

c0l

80

l

AdLINOYID
TYNOILONNA

AN

ZLl 0Ll

SHALINVHVd
JONVINHO4d3d

-

P

d40SS3004dd

ZO_>_>

8Ll

ed

.

%=

STOHLNOD
>

€S

1S

1425

oLl

1SOH

2/6



WO 2018/022172

HOST-DEVICE START

C )

CONSUMPTION AS PER KNOWN SPECIFICATION

PCT/US2017/031981

i 202
DEVICE’S PERFORMANCE CAPPED AT MAX. CURRENT /

y 204
SENSE VOLTAGE FROM HOST

'

ENABLE REDUCED RESISTANCE TO CHECK FOR ADDITIONAL
CURRENT SOURCING

206
/—

v

OST VOLTAG
BELOW DESIRED

208

YES

210

RANGE?

—

e

Y /
DISABLE REDUCED
RESISTANCE AND

MAINTAIN DEFAULT

212

ENABLE ADDITIONAL REDUCED RESISTANCE TO CHECK FORI
CURRENT SOURCING

PERFORMANCE

214

OST VOLTAG
BELOW DESIRED

YES

RANGE?

218
/

216
v

DISABLE REDUCED RESISTANCE
AND SELECT PERFORMANCE
PARAMETER ASSOCIATED WITH

i
ENABLE MAXIMUM REDUCED RESISTANCE TO CHECK FOR

MAXIMUM CURRENT SOURCING ABOVE SPECIFICATION

FIRST LEVEL OF INCREASED
CURRENT SOURCING

\

OST VOLTAG
BELOW DESIRED

220

YES

-

RANGE?

224 f\

DISABLE ALL LOAD RESISTORS, RUN AT MAX.
PERFORMANCE

226 ’-\ L

DEVICE ENUMERATES AND

222
v

DISABLE REDUCED RESISTANCE AND SELECT
PERFORMANCE PARAMETER ASSOCIATED WITH
SECOND LEVEL OF INCREASED CURRENT SOURCING

COMES UP IN OS

FIG. 2

3/6



WO 2018/022172 PCT/US2017/031981

IDENTIFY INITIAL POWER-UP CONDITION

\ J

DETECT CURRENT SOURCING TEST MODE

¢

INITIATE HOST CURRENT SOURCING TESTING
PRIOR TO ENUMERATION OF ELECTRONIC DEVICE

) )

FIG. 3
TO HOST
ﬁ
lL _/402 400
CONTROLLER |
|
| N
|
|
NON-VOLATILE MEMORY J4

FIG. 4

4/6

NON-VOLATILE MEMORY SYSTEM

302

304

306



PCT/US2017/031981

WO 2018/022172

VG 'Ol

31340s1d
d3HL0

SININOdWOD

ovS 7

AHONIN
ALY TOANON

vom\

WO

)

819

SY313WVHEVd
JONVAHO443d

—
/1S WV

K—

915 —

NB// ~
3INCOW NOLLYOINNAINOO KN
¥0SSIDOHd AN
¥IAYT INIWIOVNYI viaan K——)
ges”
e ST TI09INOD
= SN/INANIDNH
JOHLINOD HSY 14 ¥344ng
Nmm\ — Sm\
JOVRAALNI
e AL divd o
TINAON
<) 1s31oNIDINosS
1 y3onanoas 003 NSNS LSO
925 72S >
218
TN aNINOvE oo/
m AN
S 1 ¢cs
P SHILTMVNVA )
{1 JONVAYORIA || PA I ERTANENY
S X SR S S H . 805 ISOH [ %
m JA%e Ny ﬁnnnwv
¥aTIONINOG T ’ A\ JINGOW NI LNOYA

WILSAS AJOWAN FT1LYTOA-NON

1SOH
0ol

5/6



PCT/US2017/031981

WO 2018/022172

a¢ 'Ol

4300030 ssMAaY
]
055~
b
o
o
X
o
AVHY AMOWIN %
F1LYIOANON =
Q
A S
o 7 =
8vS INHOV SN e
31V1S =
255 3
SFHOLYTV1Va =
— E
/] SIHOLYTV1Va o’ ALINOYIO 705
} WHIHdINAd
955 /
egs /
AMOWIW FTILYIOA-NON
SININONOO L 3
< 31390SIA¥IHLO
05
— oY
81G A )
— N
915 A v ;

WILSAS AHOWIN FTILYTOA-NON

05—

1SOH
Ol

6/6



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/031981

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F1/26 G11C16/30
ADD.

G11C5/14

G11C7/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F G11C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figure 1
paragraph [0068]

X US 2006/062052 Al (KUMAHARA CHIAKI [JP] ET
AL) 23 March 2006 (2006-03-23)
A paragraph [0039] - paragraph [0041];

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 July 2017

Date of mailing of the international search report

12/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

de Ronde, Jan

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/031981
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2006062052 Al 23-03-2006  CN 1581357 A 16-02-2005
JP 4653960 B2 16-03-2011
JP 2005071325 A 17-03-2005
KR 20050016024 A 21-02-2005
W 1336052 B 11-01-2011
US 2005041509 Al 24-02-2005
US 2006062052 Al 23-03-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

