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DYNAMICWINDOW TO IMPROVENAND MEMORY ENDURANCE

FIELD

The present disclosure generally relates to the field of electronics. More particularly,
some embodiments of the invention generally relate to provision of adynamic window to
improve NAND (Not And) memory endurance.

BACKGROUND

As processors increase their processing capabilities, one concern is the speed at
which memory may be accessed by aprocessor. For example, to process data, a processor
may need to first fetch data from a memory. After completion of the processing, the
results may need to be stored in the memory. Therefore, the memory speed can have a
direct effect on overall system performance.

Another important consideration is power consumption. For example, in mobile
computing devices that rely on battery power, it is very important to reduce power
consumption to alow for the device to operate while mobile. Power consumption is also
important for non-mobile computing devices as excess power consumption may increase
costs (e.g., due to additional power usage, increasing cooling requirements, etc.), shorten
component life, limit locations at which a device may be used, etc.

Hard disk drives provide arelatively low cost storage solution and are used in many
computing devices to provide non-volatile storage. Disk drives however use relatively a
lot of power when compared to flash memory since a disk drive needs to spin its disks at
arelatively high speed and move disk heads relative to the spinning disks to read/write
data. All this physical movement generates heat and increases power consumption. To
this end, higher end mobile devices are migrating towards utilizing flash memory devices
that are non-volatile. Also, some flash memory devices may provide higher access speeds
and data transfer rates than hard disk drives.

NAND memory is atype of flash memory that is non-volatile. NAND memory may
be used in memory cards, flash drives, solid-state drives, and similar products. However,
flash memory has a limitation on the number of times the information in a memory cell
may be rewritten before it becomes unusable, or a finite number of program-erase cycles

(typically written as P/E cycles).



10

15

20

25

30

WO 2013/101043 PCT/US2011/067810
BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description is provided with reference to the accompanying figures. In
the figures, the left-most digit(s) of areference number identifies the figure in which the
reference number first appears. The use of the same reference numbers in different
figures indicates similar or identical items.

Figs. 1, 8, and 9 illustrate block diagrams of embodiments of computing systems,
which may be utilized to implement various embodiments discussed herein.

Figs. 2 and 5-7 illustrate sample graphs according to some embodiments.

Fig. 3 illustrates a cross-section of a NAND cell that may be utilized in some
embodiments.

Fig. 4 illustrates a flow diagram of a method in accordance with an embodiment of
the invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are set forth in order to
provide a thorough understanding of various embodiments. However, various
embodiments of the invention may be practiced without the specific details. In other
instances, well-known methods, procedures, components, and circuits have not been
described in detail so as not to obscure the particular embodiments of the invention.
Further, various aspects of embodiments of the invention may be performed using various
means, such as integrated semiconductor circuits ("hardware"), computer-readable
instructions organized into one or more programs ("software"), or some combination of
hardware and software. For the purposes of this disclosure reference to "logic" shall
mean either hardware, software, or some combination thereof.

In an embodiment, a dynamic window is utilized to improve flash (e.g., NAND)
memory endurance. Since program and erase operations involve electron transfer through
the tunnel oxide separating the floating gate and active area and resulting charge trap-up,
flash memory (including NAND or NOR memory) is limited by a finite number of
program-erase cycles (typically written as P/E cycles). NAND memory may also be
affected by program or read disturb where programming or accessing aNAND memory
cell may cause other cells near the cell being read to be changed over time if the

surrounding cells are not rewritten. Another issue with NAND flash memory is charge
2
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loss where a cell programmed to a specific level may lose charge over time and may

appear during read to be in another level. To this end, some process and trim changes
may be done to improve endurance, e.g., program-erase window is set to meet post-
cycling disturb and charge loss requirements. However, current solutions do not use a
program-erase window that is changed or shifted down dynamically with cycle count as
done in accordance with some embodiments. Having a smaller window during the initial
life of the NAND memory part in turn reduces the charge fluence and/or trap-up, which
improves the overall endurance of the part. Shifting the window down with cycling also
enables the use of asmaller erase voltage at time zero, thereby improving the trap-up and
endurance in an embodiment.

In some embodiments, the charge trap-up (such as induced by program-erase
cycling in aNAND flash cell) is reduced by dynamically varying or moving the program-
erase window with average program/erase cycles on block or die in two ways: (1)
dynamically varying the program-erase window by starting with a higher erase verify
(TEV) voltage and lowering it with subsequent cycles, and/or (2) dynamically moving
the window by starting with ahigher program verify (PV) and erase verify (TEV) voltage
and moving it down with subsequent cycles, e.g., keeping the delta between the two
fixed. In the former case, trap-up improvement results from lower erase well voltage
(Vwell) and cycling charge fluence during the initia life of the part. In the latter case,
trap-up improvement results from a lower Vwell during the initia life of the part. The
reduced trap-up will in turn result in improved reliability of the flash cell, including
cycling endurance, program disturb, and/or charge loss over time.

In an embodiment, the NAND memory part starts operating with a trim profile,
which is updated as a function of cycles or based on atrigger like block fail rate or near
miss ECC (Error Correcting Code) event. A NAND controller logic has the capability to
manage the different trim profiles and write these to the integrated circuit die based on
the criterion mentioned above, in accordance with some embodiments. Accordingly,
some embodiments improve cycling endurance and usable life of NAND flash dieused in
consumer (SD cards, USB memory stick etc) and compute (both client and enterprise)
applications, as well as improve reliability and lower the read bit error rate after a
specific number of cycles.

Moreover, the memory techniques discussed herein may be provided in various
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computing systems (e.g., including smart phones, tablets, portable game consoles, etc.),

such as those discussed with reference to Figs. 1-9. More particularly, Fig. lillustrates a
block diagram of a computing system 100, according to an embodiment of the invention.
The system 100 may include one or more processors 102-1 through 102-N (generally
referred to herein as "processors 102" or "processor 102"). The processors 102 may
communicate via an interconnection or bus 104. Each processor may include various
components some of which are only discussed with reference to processor 102-1 for
clarity. Accordingly, each of the remaining processors 102-2 through 102-N may include
the same or similar components discussed with reference to the processor 102-1.

In an embodiment, the processor 102-1 may include one or more processor COores
106-1 through 106-M (referred to herein as "cores 106," or more generally as "core
106"), a cache 108 (which may be a shared cache or a private cache in various
embodiments), and/or a router 110. The processor cores 106 may be implemented on a
single integrated circuit (IC) chip. Moreover, the chip may include one or more shared
and/or private caches (such as cache 108), buses or interconnections (such as a bus or
interconnection 112), memory controllers (such asthose discussed with reference to Figs.
8-9), or other components.

In one embodiment, the router 110 may be used to communicate between various
components of the processor 102-1 and/or system 100. Moreover, the processor 102-1
may include more than one router 110. Furthermore, the multitude of routers 110 may be
in communication to enable data routing between various components inside or outside
of the processor 102-1.

The cache 108 may store data (e.g., including instructions) that are utilized by one
or more components of the processor 102-1, such as the cores 106. For example, the
cache 108 may locally cache data stored in a memory/storage 114 for faster access by the
components of the processor 102. As shown in Fig. 1, the memory/storage 114 may bein
communication with the processors 102 via the interconnection 104. In an embodiment,
the cache 108 (that may be shared) may have various levels, for example, the cache 108
may be a mid-level cache and/or a last-level cache (LLC). Also, each of the cores 106
may include alevel 1(LI) cache (116-1) (generaly referred to herein as"LI cache 116").
Various components of the processor 102-1 may communicate with the cache 108

directly, through abus (e.g., the bus 112), and/or a memory controller or hub.
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As shown in Fig. 1, memory/storage 114 may be coupled to other components of

system 100 through a memory controller 120. Memory/storage 114 may include flash
memory such as NAND memory in some embodiments. Even though the memory
controller 120 is shown to be coupled between the interconnection 102 and the memory
114, the memory controller 120 may be located elsewhere in system 100. For example,
memory controller 120 or portions of it may be provided within one of the processors 102
in some embodiments. Also, in some embodiments, system 100 may include logic (e.g.,
NAND controller logic 125) to issue read or write requests to the memory/storage 114 in
an optima fashion, eg., to improve flash memory rdliability, including cycling
endurance, program disturb, and/or charge loss over time, as will be further discussed
herein.

In an embodiment, the window in aflash NAND array may be engineered so that it
meets the disturb and charge loss requirements at end of life. Fig. 2 shows sample erase
verify (TEV), program verify (PV1, PV2, PV3), and read reference (RI, R2, R3) voltages
that define a NAND Multi Level Cell (MLC) window, in accordance with some
implementations. More particularly, a two-bit per cell window is shown where each cell
may be programmed to any of four states. Upon erase, all cells in ablock are erased to a
threshold voltage (Vt) below TEV. Then the cells in the array are programmed to LI, L2,
or L3, by placing the Vt above PV1, PV2, PV3, respectively.

Moreover, the read reference voltages (Rl, R2, R3) and the state widths of the
placed distributions determine the edge margins available. The even edges EO, E2, E4
determine the margin for program disturb and over-program, while the odd edges El, E3,
ES5 determine the margin for charge loss. The sum of the edge margins EO through E5 in
Fig. 2 isusualy defined as the Read Window Budget (RWB). A larger window between
PV3 and TEV alows larger margins for EO to E5, e.g., to read the cell correctly in the
even of charge loss or disturb/over-program. The PV3 to TEV window is designed such
that the above-mentioned margins will meet reliability requirements for a cycled block
(end of life), which are generally worse than for an un-cycled block. The R3 value that is
used may be dominated by charge loss, which may beintrinsic charge loss (ICL) which is
trap-up dominated or single bit charge loss (SBCL) tail, which is a stress-induced |eakage
current (SILC) mechanism. In an embodiment, the early life window may be adjusted to

reduce trap-up and improve overall endurance of the part.
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In some embodiments, one of the factors that determine trap-up is the fluence of

electrons through the cell during program and erase operations, which is determined by
the PV3 to TEV window in Fig. 2. Another factor is the corner electric field between the
control gate (CG) and active area (AA) which is determined by the maximum well
voltage (Vwell) during erase. Fig. 3 shows the cross-section of a NAND cell with the
active area (AA), floating gate (FG), inter-poly dielectric (IPD), and control gate (CG)
identified. During erase the CG is grounded and a high voltage (about 12V to 25V) is
applied on the well and active area, which in turn erases the cell by removing electrons
from the floating gate through the tunnel oxide into the active area. Programming is done
by grounding the active area and applying a positive voltage to the CG which transfers
electrons from the AA to the FG. This charge fluence through the tunnel oxide (tunox)
with each program and erase operation gradually degrades the oxide which in turn
adversely affects the disturb and charge retention properties of the NAND array. The well
voltage needed to pass erase verify is determined by the TEV voltage, e.g., with ahigher
Vwell needed for lower TEV. Use of ahigher Vwell voltage in turn increases the CG-AA
corner field which may be a source of trap-up, in addition to the tunnel oxide trap-up
directly above the active area. While Fig. 3 shows aNAND cell structure with the control
gate wrapped around the floating gate, the principles mentioned above area applicable for
aplanar cell as well. Since a lower TEV may be used to provide more window for the
edges EO to E5 of Fig. 2, some embodiments minimize the Vwell driven trap-up by using
ahigher TEV on aun-cycled block and reducing it as the part undergoes more cycles.

Some embodiments use a method to reduce cycling trap-up such as: (1) by reducing
the fluence of electrons during cycling by starting with a smaller PV3 to TEV window,
and gradually increasing it (by lowering TEV) as the cell undergoes more cycles; and/or
(2) by reducing the impact of erase well voltage on trap-up, by starting with a higher
PVITEV, so that a smaller Vwell is used initialy; and moving PV/TEV down as the cell
is cycled keeping the PV to TEV delta fixed.

With respect to the embodiment of varying the PV to TEV window with cycles, the
fluence of electrons in a flash cell during program-erase cycling is determined by the
difference between erase verify and program verify voltages (window). For an SLC cell,
a higher window between PV and TEV would allow a larger delta between the read

reference and PV, to provide more margin to read the cell correctly in the even of charge
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loss from programmed state. The higher window also alows for a larger delta between

TEV and read reference to provide more margin for program disturb. The same principle
may be applied to MLC where cells are placed in multiple levels with multiple PVs and
read reference voltages, as described above with reference to Figs. 2-3. Some
implementations keep the TEV and PV voltages (which determine the window) constant
during the life of apart. Since metrics like program disturb and charge loss degrade with
cycling, the window and read reference placement may be set up to support the worst
case (post cycling) disturb or charge loss, the large window in turn results in worsening
of the cycling trap-up and lowering endurance as aresult of higher charge fluence.

An embodiment utilizes a dynamic window where the delta between TEV and PV is
increased as the flash cell undergoes more cycles. This may be done by starting with a
large erase verify voltage (TEV), so that the cell is erased shallower at the beginning of
its life, and systematically lowering the TEV to erase deeper, as the cell has undergone
more program erase cycles. Wear leveling which maintains the same number of cycles
across all blocks on adie alows acommon TEV level for the whole die. The total charge
fluence and trap-up may then be improved compared to having a fixed wider window,
e.g., improving the cycling capability of the part and also improving the program disturb
and ICL (Intrinsic Charge Loss) capability at a specific cycle count.

Implementation may be done by using a plurality of (e.g., three or four) different
trim profiles for the part which are changed after a fixed number of cycles and/or based
on atrigger based criterion like Block Fail Rate (BFR) or ECC event (e.g., the number of
failing bits). For instance, the part would start its life with trim profile A, which would be
changed to profiles B, C, D, etc. by the controller based on the criterion above as the part
has more cycles. For the variable TEV to PV window mentioned above, the trim profiles
would include TEV, RI, PVI, R2, PV2, R3, program start voltage (Vpgm) and erase start
voltage (Vera). All trims above may be decreased with cycles, except Verawhich may be
increased.

With respect to the dynamically shifting the window down with cycles embodiment,
another factor which determines the trap-up degradation is the peak electric field during
erase which is driven by the peak well voltage used during erase (Figs. 2-3). For an un-
cycled cell, the maximum well voltage may be reduced by increasing the erase verify
voltage (TEV), which will let the NAND string pass erase verify with a shallower erase.
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To maintain RWB (Read Window Budget, or sum of EO through E5 margins) and

program disturb margin, the PV and read voltages of the other levels may be raised by the
same value by which TEV israised. The higher PV and R (read reference voltage) at
time zero would be able to support the un-cycled SBCL, since SBCL for an un-cycled
cell is significantly better than for acycled cell. And, using asmaller erase voltage at time
zero results in asmaller trap-up. Calculations show about 40% improvement in trap-up at
30k cycles if the window is setup 2V higher so that the starting erase voltage is 12V
rather than 14v.

Various implementation may be done by using trim profiles which are changed
based on cycles or a trigger based criterion as discussed above. For the dynamically
shifting window, the trim profiles may include TEV, RI, PV1, R2, PV2, R3, PV3,
program start voltage (Vpgm), erase start voltage (Vera), and the unselected WL (Word
Line) read voltage (Vread/Vpassr). The trims above may be decreased with cycles, except
Verawhich may be increased. The PV/R shift may be accomplished by increasing only
the source bias trim in the profiles above. Other trims above may be changed
independently.

Fig. 4 illustrates a flow diagram of a method 400 to implementation a decision tree
used to switch to different trim profiles, in accordance with an embodiment of the
invention. In an embodiment, various components discussed with reference to Figs. 1-3
and 5-9 may be utilized to perform one or more of the operations discussed with
reference to Fig. 4.

Referring to Figs. 1-4, at an operation 402, a first trim profile (e.g., profile A) is
applied (e.g., by the controller logic 125). At an operation 404, if the current cycle count
has reached afirst cycle threshold (Cyc 1) or afailure trigger occurs (such as Block Fall
Rate (BFR) threshold value or (e.g., near miss) ECC event), a second trim profile (e.g.,
profile B) is applied (e.g., by the controller logic 125) at an operation 406. Otherwise, an
operation 408 continues to use trim profile A. Accordingly, in at least one embodiment, a
current count of the number of cycles executed on the flash device may be kept in a
storage device, register, etc. (e.g., either by the logic 125 or at its direction).

At an operation 410, if the current cycle count has reached a second cycle threshold
(Cyc 2) or afailure trigger occurs (such as BFR value or (e.g., near miss) ECC event), a

third trim profile (e.g., profile C) is applied (e.g., by the controller logic 125) at an
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operation 412. Otherwise, an operation 414 continues to use trim profile B. The method

continues the process set forth above for application of additional trim profiles as needed.

Figs. 5 and 6 illustrate sample graphs showing improvement in cycling trap-up and

program disturb seen on 34 nm SLC products when avariable window isused for cycling

5 instead of fixed window, using methodology (1) described above. For fixed window

cycling, cycling may be done up to 25k cycles with a fixed TEV of 1.5V. For variable

window cycling, an initial TEV of 2.5V may be used, which is dropped in steps of 0.2V

a cycles |k, 3k, 7.5k, 15k, 22.5k, for a fina TEV of 15V. At 25k cycles, the

improvement in PD RBER (Program Disturb Read Bit Error Rate) with variable window

10 cycling is about 25%. The improvement in VwVt trap-up may be approximately 5%. The

trap-up and RBER improvements, as well as the block fail rate improvements resulting

from the trap-up improvements are expected to be higher as NAND technology scales to
smaller dimensions.

Fig. 7 illustrates Vwell voltage step-up for POR (Process Of Record) and dynamic

15 window shift showing blow-up for cycles 10k to 40k, according to an embodiment.

Moreover, Table 1 below and Fig. 7 show some theoretical calculations of Vwell voltage

step up to erase a block, comparing a fixed window, to a dynamically shifting window

which is setup 2V higher at time 0. Assumptions are that trap-up and SBCL have a power

law dependence on cycles with slope/power of 8e-4 / 0.5 for trap-up and 4.4e-3 / 0.5 for

20 SBCL. The well voltage starts 2V lower (12V vs. 14V), and results in a2V lower SBCL

margin at time 0. But due to the improved trap-up resulting from lower Vwell, there is a

net trap-up improvement of 40% at 30k cycles, when SBCL margin is matched as shown

in Table 1 below.
Vwell Vwell (Dynamic Delta Cycling
Cycles (POR) window shift) Delta R3 Vwell gain
1 14.00 12.00 2.00 2.00
10 14.04 12.04 1.99 1.99
100 14.15 12.19 1.94 1.96
1000 14.52 12.64 1.80 1.87
10000 15.78 14.22 1.36 1.56
20000 17.79 16.74 0.74 1.05
30000 20.65 19.43 -0.02 1.22 1.40
25 Fig. 8 illustrates ablock diagram of a computing system 800 in accordance with an

embodiment of the invention. The computing system 800 may include one or more
central processing unit(s) (CPUs) 802 or processors that communicate via an
interconnection network (or bus) 804. The processors 802 may include a general purpose

9
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processor, a network processor (that processes data communicated over a computer

network 803), an application processor (such asthose used in cell phones, smart phones,
etc.), or other types of a processor (including areduced instruction set computer (RISC)
processor or a complex instruction set computer (CISC)). Various types of computer
networks 803 may be utilized including wired (e.g., Ethernet, Gigabit, Fiber, etc.) or
wireless networks (such as cellular, 3G (Third-Generation Cell-Phone Technology or 3rd
Generation Wireless Format (UWCC)), 4G, Low Power Embedded (LPE), etc.).
Moreover, the processors 802 may have a single or multiple core design. The processors
802 with a multiple core design may integrate different types of processor cores on the
same integrated circuit (IC) die. Also, the processors 802 with a multiple core design may
be implemented as symmetrical or asymmetrical multiprocessors.

In an embodiment, one or more of the processors 802 may be the same or similar to
the processors 102 of Fig. 1. For example, one or more of the processors 802 may include
one or more of the cores 106 and/or cache 108. Also, the operations discussed with
reference to Figs. 1-7 may be performed by one or more components of the system 800.

A chipset 806 may also communicate with the interconnection network 804. The
chipset 806 may include a graphics and memory control hub (GMCH) 808. The GMCH
808 may include a memory controller 810 (which may be the same or smilar to the
memory controller 120 of Fig. 1in an embodiment, e.g., including the logic 125) that
communicates with the memory 114. The memory 114 may store data, including
sequences of instructions that are executed by the CPU 802, or any other device included
in the computing system 800. In one embodiment of the invention, the memory 114 may
include one or more volatile storage (or memory) devices such as random access memory
(RAM), dynamic RAM (DRAM), synchronous DRAM (SDRAM), static RAM (SRAM),
or other types of storage devices. Nonvolatile memory may also be utilized such as a hard
disk or NAND based solid-state drive. Additional devices may communicate via the
interconnection network 804, such as multiple CPUs and/or multiple system memories.

The GMCH 808 may also include a graphics interface 814 that communicates with
a graphics accelerator 816. In one embodiment of the invention, the graphics interface
814 may communicate with the graphics accelerator 816 via an accelerated graphics port
(AGP). In an embodiment of the invention, a display (such as a flat panel display) may

communicate with the graphics interface 814 through, for example, a signal converter

10
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that trandates a digital representation of an image stored in a storage device such asvideo

memory or system memory into display signals that are interpreted and displayed by the
display. The display signals produced by the display device may pass through various
control devices before being interpreted by and subsequently displayed on the display.

A hub interface 818 may allow the GMCH 808 and an input/output control hub
(ICH) 820 to communicate. The ICH 820 may provide an interface to I/O devices that
communicate with the computing system 800. The ICH 820 may communicate with abus
822 through a peripheral bridge (or controller) 824, such as a peripheral component
interconnect (PCl) bridge, a universal serial bus (USB) controller, or other types of
peripheral bridges or controllers. The bridge 824 may provide a data path between the
CPU 802 and peripheral devices. Other types of topologies may be utilized. Also,
multiple buses may communicate with the ICH 820, e.g., through multiple bridges or
controllers. Moreover, other peripherals in communication with the ICH 820 may
include, in various embodiments of the invention, integrated drive electronics (IDE) or
small computer system interface (SCSI) hard drive(s), USB port(s), a keyboard, a mouse,
parallel port(s), seria port(s), floppy disk drive(s), digital output support (e.g., digital
video interface (DV1)), or other devices.

The bus 822 may communicate with an audio device 826, one or more disk drive(s)
828, and a network interface device 830 (which is in communication with the computer
network 803). Other devices may communicate via the bus 822. Also, various
components (such as the network interface device 830) may communicate with the
GMCH 808 in some embodiments of the invention. In addition, the processor 802 and the
GMCH 808 may be combined to form a single chip. Furthermore, the graphics
accelerator 816 may be included within the GMCH 808 in other embodiments of the
invention.

Furthermore, the computing system 800 may include volatile and/or nonvolatile
memory (or storage). For example, nonvolatile memory may include one or more of the
following: read-only memory (ROM), programmable ROM (PROM), erasable PROM
(EPROM), electrically EPROM (EEPROM), adisk drive (which may be a magnetic hard
disk drive or aNAND flash memory based solid state drive) (e.g., 828), a floppy disk, a
compact disk ROM (CD-ROM), a digita versatile disk (DVD), flash memory, a
magneto-optical disk, or other types of nonvolatile machine-readable media that are

11
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capable of storing electronic data (e.g., including instructions).

Fig. 9 illustrates a computing system 900 that is arranged in a point-to-point (PtP)
configuration, according to an embodiment of the invention. In particular, Fig. 9 shows a
system where processors, memory, and input/output devices are interconnected by a
number of point-to-point interfaces. The operations discussed with reference to Figs. 1-8
may be performed by one or more components of the system 900.

As illustrated in Fig. 9, the system 900 may include several processors, of which
only two, processors 902 and 904 are shown for clarity. The processors 902 and 904 may
each include a local memory controller hub (MCH) 906 and 908 to enable
communication with memories 910 and 912. The memories 910 and/or 912 may store
various data such as those discussed with reference to the memory 114 of Figs. 1 and/or
8. Also, MCH 906 and 908 may include the memory controller 120 and/or logic 125 of
Fig. 1in some embodiments.

In an embodiment, the processors 902 and 904 may be one of the processors 802
discussed with reference to Fig. 8. The processors 902 and 904 may exchange data via a
point-to-point (PtP) interface 914 using PtP interface circuits 916 and 918, respectively.
Also, the processors 902 and 904 may each exchange data with a chipset 920 via
individual PtP interfaces 922 and 924 using point-to-point interface circuits 926, 928,
930, and 932. The chipset 920 may further exchange data with a high-performance
graphics circuit 934 via a high-performance graphics interface 936, e.g., using a PtP
interface circuit 937.

Asshown in Fig. 9, one or more of the cores 106 and/or cache 108 of Fig. 1 may be
located within the processors 902 and 904. Other embodiments of the invention, however,
may exist in other circuits, logic units, or devices within the system 900 of Fig. 9.
Furthermore, other embodiments of the invention may be distributed throughout several
circuits, logic units, or devices illustrated in Fig. 9.

The chipset 920 may communicate with abus 940 using a PtP interface circuit 941.
The bus 940 may have one or more devices that communicate with it, such as a bus
bridge 942 and I/O devices 943. Via a bus 944, the bus bridge 943 may communicate
with other devices such as a keyboard/mouse 945, communication devices 946 (such as
modems, network interface devices, or other communication devices that may

communicate with the computer network 803), audio I/O device, and/or a data storage
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device 948. The data storage device 948 (which may be a hard disk drive or a NAND

flash based solid state drive) may store code 949 that may be executed by the processors
902 and/or 904.

In various embodiments of the invention, the operations discussed herein, e.g., with
reference to Figs. 1-9, may be implemented as hardware (e.g., circuitry), software,
firmware, microcode, or combinations thereof, which may be provided as a computer
program product, e.g., including a tangible (e.g., non-transitory) machine-readable or
computer-readable medium having stored thereon instructions (or software procedures)
used to program a computer to perform aprocess discussed herein. Also, the term "logic"
may include, by way of example, software, hardware, or combinations of software and
hardware. The machine-readable medium may include a storage device such as those
discussed with respect to Figs. 1-9.

Additionally, such tangible computer-readable media may be downloaded as a
computer program product, wherein the program may be transferred from a remote
computer (e.g., a server) to arequesting computer (e.g., a client) by way of data signals
(such as in a carrier wave or other propagation medium) via a communication link (e.g., a
bus, amodem, or anetwork connection).

Reference in the specification to "one embodiment” or "an embodiment” means that
a particular feature, structure, or characteristic described in connection with the
embodiment may be included in at least an implementation. The appearances of the
phrase "in one embodiment™ in various places in the specification may or may not be all
referring to the same embodiment.

Also, in the description and claims, the terms "coupled’ and "connected,” aong
with their derivatives, may be used. In some embodiments of the invention, "connected"
may be used to indicate that two or more elements are in direct physical or electrical
contact with each other. "Coupled’ may mean that two or more elements are in direct
physical or electrica contact. However, "coupled® may also mean that two or more
elements may not be in direct contact with each other, but may still cooperate or interact
with each other.

Thus, although embodiments of the invention have been described in language
specific to structural features and/or methodological acts, it is to be understood that

claimed subject matter may not be limited to the specific features or acts described.
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Rather, the specific features and acts are disclosed as sample forms of implementing the

claimed subject matter.
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CLAIMS

1 An apparatus comprising:

amemory controller logic to apply afirst trim profile to a flash memory storage
device; and

the first trim profile to dynamically cause aprogram-erase window to vary by
starting with ahigher erase verify (TEV) voltage and lowering the TEV voltage with subsequent
cycles over alife of the flash memory storage device based on a current cycle count value,

wherein the memory controller logic isto apply a second trim profile to the flash
memory storage device in response to a determination that the current cycle count value has
exceeded athreshold value or in response to occurrence of afailure condition.

2. The apparatus of claim 1, wherein the occurrence of the failure condition isto be
detected based on aECC (Error Correcting Code) event.

3. The apparatus of claim 1, wherein the occurrence of the failure condition isto be
detected based on aBlock Fail Rate (BFR) value.

4, The apparatus of claim 1, further comprising a storage device or register to store

the current cycle count value.

5. The apparatus of claim 1, wherein the flash memory storage device comprises a
NAND storage device.

6. The apparatus of claim 1, wherein the program-erase window corresponds to a
Multi Level Cdl (MLC) window.

7. The apparatus of claim 1, wherein one or more processor cores are coupled to the

memory controller logic to access data stored in the flash memory storage device.

8. An apparatus comprising:
amemory controller logic to apply afirst trim profile to a flash memory storage
device; and
the first trim profile to dynamically cause aprogram-erase window to vary by
starting with ahigher erase verify (PV) voltage and erase verify (TEV) voltage and lowering the
PV and TEV voltages with subsequent cycles over alife of the flash memory storage device
based on a current cycle count value,
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wherein the memory controller logic isto apply a second trim profile to the flash

memory storage device in response to a determination that the current cycle count value has
exceeded athreshold value or in response to occurrence of afailure condition.

9. The apparatus of claim 8, wherein a delta between the PV and TEV voltagesisto
be kept fixed.
10. The apparatus of claim 8, wherein the occurrence of the failure condition isto be

detected based on aECC (Error Correcting Code) event.

11. The apparatus of claim 8, wherein the occurrence of the failure condition isto be
detected based on aBlock Fail Rate (BFR) value.

12. The apparatus of claim 8, further comprising a storage device or register to store

the current cycle count value.

13. The apparatus of claim 8, wherein the flash memory storage device comprises a
NAND storage device.

14. The apparatus of claim 8, wherein the program-erase window corresponds to a
Multi Level Cell (MLC) window.

15. The apparatus of claim 8, wherein one or more processor cores are coupled to the
memory controller logic to access data stored in the flash memory storage device.

16. A system comprising:
aNAND memory device having aplurality of memory cells;
aprocessor to access the NAND memory device; and
aNAND memory controller logic to apply afirst trim profile to the NAND
memory device, the first trim profile to:
dynamically cause aprogram-erase window to vary by starting with a
higher erase verify (TEV) voltage and lowering the TEV voltage with subsequent cycles over a
life of the NAND memory device based on a current cycle count value; or
dynamically cause aprogram-erase window to vary by starting with a
higher erase verify (PV) voltage and erase verify (TEV) voltage and lowering the PV and TEV
voltages with subsequent cycles over alife of the NAND memory device based on the current
cycle count value,
wherein the NAND memory controller logic isto apply asecond trim profile to
16
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the NAND memory device in response to a determination that the current cycle count value has

exceeded athreshold value or in response to occurrence of afailure condition.

17. The system of claim 16, wherein the occurrence of the failure condition isto be
detected based on aECC (Error Correcting Code) event.

18. The system of claim 16, wherein the occurrence of the failure condition isto be
detected based on aBlock Fail Rate (BFR) value.

19. The system of claim 16, further comprising a storage device or register to store

the current cycle count value.

20. The system of claim 16, wherein the program-erase window corresponds to a
Multi Level Cell (MLC) window.

21. The system of claim 16, further comprising an audio device.

22. The system of claim 16, wherein one or more of the processor, NAND memory

device, and the NAND controller logic are on a same integrated circuit die.

23. A method comprising:
applying afirst trim profile to a flash memory storage device by amemory
controller logic, wherein the first trim profile isto:
dynamically cause aprogram-erase window to vary by starting with a
higher erase verify (TEV) voltage and lowering the TEV voltage with subsequent cycles over a
life of the flash memory storage device based on a current cycle count value; or
dynamically cause aprogram-erase window to vary by starting with a
higher erase verify (PV) voltage and erase verify (TEV) voltage and lowering the PV and TEV
voltages with subsequent cycles over alife of the flash memory storage device based on the
current cycle count value; and
applying a second trim profile to the flash memory storage device in response to a
determination that the current cycle count value has exceeded athreshold value or in response to

occurrence of afailure condition.

24, The method of claim 23, further comprising detecting the occurrence of the

failure condition based on aECC (Error Correcting Code) event.

25. The method of claim 23, further comprising detecting the occurrence of the
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failure condition based on aBlock Fail Rate (BFR) value.

26. The method of claim 23, further comprising storing the current cycle count value

in a storage device or register.

27. The method of claim 23, wherein the flash memory storage device comprises a
NAND storage device.

28. The method of claim 23, wherein the program-erase window correspondsto a
Multi Level Cell (MLC) window.

29. The method of claim 23, further comprising one or more processor cores
accessing data stored in the flash memory storage device via the memory controller logic.

30. The method of claim 23, further comprising applying athird trim profile to the
flash memory storage device in response to a determination that the current cycle count value has

exceeded a second threshold value or in response to occurrence of the failure condition.
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