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MEMORY SYSTEM WITH IMPROVED BUS
TIMING CALIBRATION

FIELD OF THE INVENTION

[0001] The present invention relates generally to memory
systems, and particularly to methods and systems for timing
calibration of interface signals.

BACKGROUND OF THE INVENTION

[0002] Many memory systems comprise a memory control-
ler that controls multiple memory devices. The memory con-
troller communicates with the memory devices over an inter-
face that carries information and control signals. Standards
related to interfacing memory controllers to memory devices
include, for example, Toggle 1.0 and Toggle 2.0, open NAND
flash interface—ONF]I 3.0, and double data rate (DDR) syn-
chronous dynamic random-access memory (SDRAM)—
DDR2 SDRAM and DDR3 SDRAM.

[0003] To ensure reliable communication, the signals that
propagate along the interface (also referred to as a bus) should
be properly time-aligned when arriving at either the memory
controller or at the memory devices. U.S. Pat. No. 8,214,616,
whose disclosure is incorporated herein by reference,
describes a memory controller that may comprise a first trans-
mitter to output first and second write commands synchro-
nously with respect to a clock signal, a second transmitter to
output first data using a first timing offset such that the first
data arrives at a first memory device in accordance with a
predetermined timing relationship with respect to a first tran-
sition of the clock signal, and a third transmitter to output
second data using a second timing offset such that the second
data arrives at a second memory device in accordance with a
predetermined timing relationship with respect to a second
transition of the clock signal.

[0004] U.S. Patent Application Publication 2011/0216611,
whose disclosure is incorporated herein by reference,
describes a system that calibrates timing relationships
between signals involved in performing write operations. The
memory controller is configured to perform one or more
write-read-validate operations to calibrate a clock-cycle rela-
tionship between the data-strobe signal and the clock signal.

SUMMARY OF THE INVENTION

[0005] An embodiment of the present invention that is
described herein provides a method including communicat-
ing between a memory controller and multiple memory
devices over an interface that includes at least a control signal
and an information signal. For each memory device, a respec-
tive individual skew parameter, which is indicative of a timing
misalignment between the control signal and the information
signal when communicating with that memory device, is
produced. The respective individual skew parameter is stored
coupled to each memory device. The timing misalignment is
corrected at the memory device using the stored individual
timing skew.

[0006] In some embodiments, the method includes deriv-
ing from respective individual skew parameters of the
memory devices a common skew parameter that is applicable
to the multiple memory devices. In some embodiments, pro-
ducing the individual skew parameter includes setting the
individual skew parameter to compensate for a residual tim-
ing misalignment remaining for the respective memory
device after accounting for the common skew parameter. In
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other embodiments, the method includes storing the common
skew parameter in the memory controller, and correcting the
timing misalignment using both the common skew parameter
and the individual skew parameter.

[0007] In an embodiment, producing the individual skew
parameter includes setting a clock by which the control and
information signals are generated to a first rate, and correcting
the timing misalignment by setting the clock to a second rate,
higher than the first rate. In another embodiment, the interface
has first and second opposite communication directions, and
producing the individual skew parameter includes calculating
the individual skew parameter for the first direction, while
communicating in the first direction at a first rate and in the
second direction at a second rate that is smaller than the first
rate. In yet another embodiment, producing the individual
skew parameter includes measuring a reading error rate in a
given memory device using an ECC module, and producing
the individual skew parameter for the given memory device
upon detecting that the error rate exceeds a predefined thresh-
old.

[0008] In some embodiments, producing the individual
skew parameter includes writing data to the memory device,
reading the data from the memory device, and producing the
individual skew parameter for the given memory device
based on detected differences between the written and the
read data. In other embodiments, producing the individual
skew parameter includes producing different individual skew
parameters for read and for write operations.

[0009] There is also provided, in accordance with an
embodiment of the present invention, apparatus including
multiple memory devices and a memory controller. The
memory controller is configured to communicate with the
multiple memory devices over an interface that includes at
least a control signal and an information signal, to produce,
for each memory device, a respective individual skew param-
eter that is indicative of a timing misalignment between the
control signal and the information signal when communicat-
ing with that memory device, to provide the respective indi-
vidual skew parameter for storage coupled to each memory
device, and to cause each memory device to correct the timing
misalignment using the stored individual timing skew.
[0010] The present invention will be more fully understood
from the following detailed description of the embodiments
thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGS. 1A and 1B are block diagrams that schemati-
cally illustrate a memory system and a memory device,
respectively, in accordance with an embodiment of the
present invention;

[0012] FIG. 2 is a diagram that schematically illustrates
timing relationships between bus signals, in accordance with
an embodiment of the present invention; and

[0013] FIG. 3 is a flow chart that schematically illustrates a
method for timing calibration among signals of a memory
interface, in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

[0014] Embodiments of the present invention that are
described herein provide improved methods and systems for
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timing calibration between signals that propagate over a
memory interface/bus. In some embodiments, a memory con-
troller communicates with multiple memory devices over a
bus that carries information and control signals.

[0015] To read stored data, the memory controller typically
activates a control signal, also referred to as a strobe signal, by
setting the respective strobe line to a suitable voltage level for
certain time duration. After propagating along the strobe line,
the strobe signal arrives at the memory device. The memory
device uses the strobe signal to access the stored data with
some additional read delay. The memory device sends the
read data to the memory controller over the information lines
along with a returned strobe signal that is used to latch the
data at the controller.

[0016] During read operation the information and control
signals sent by the memory device propagate along the bus
lines towards the memory controller. To ensure reliable com-
munication, the signals should be properly time-aligned
when arriving at the destination. Multiple factors may affect
the time alignment as seen on the memory controller side. For
example, different wiring lengths of the bus lines may result
with different propagation delays. Other factors include, for
example, process variations at fabrication, and differences in
voltage and/or temperature gradients between the controller
and the memory devices. Additionally, the delay incurred
when reading data out of the memory cells may differ from
one memory device to another.

[0017] A similar situation occurs when the memory con-
troller writes data to one of the memory devices. For reliable
writing, information signals that carry the data to be written,
and a respective strobe signal, should be properly time-
aligned when reaching the memory device.

[0018] In some embodiments, the memory controller per-
forms a calibration procedure to align the timing of the com-
munication signals. In a presented embodiment, the timing
misalignment between the control and information signals is
measured separately per each memory device. The memory
controller provides each memory device with a respective
individual skew parameter, which is indicative of the timing
misalignment between the control and information signals for
that memory device. Each memory device stores and applies
the individual skew parameter when communicating with the
memory controller.

[0019] In some embodiments, the calibration process pro-
duces a common skew parameter that corrects a common
timing misalignment applicable to all the memory devices,
and individual skew parameters that correct the residual tim-
ing misalignment remaining for the individual memory
devices. Typically, the common skew parameter is stored and
applied at the memory controller, and the individual skew
parameters are stored and applied at the respective memory
devices. In some embodiments, different skew parameters are
computed for each direction of the interface.

[0020] The stored skew parameters define respective tim-
ing shifts to align between bus signals. Applying the timing
shifts at the memory devices reduces implementation com-
plexity, since the memory controller is not required to manage
different misalignments and timing shifts for different
memory devices. From the perspective of the memory con-
troller, the various memory devices all have the same timing
alignment, even though in reality they may differ in timing
shift.
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System Description

[0021] FIGS. 1A and 1B are block diagrams that schemati-
cally illustrate a memory system and a memory device,
respectively, in accordance with an embodiment of the
present invention. System 20 in FIG. 1A accepts data for
storage from a host 24 and stores it in memory, and retrieves
data from memory and provides it to the host. In the present
example, system 20 comprises a Solid-State Drive (SSD) that
stores data for a host computer. In alternative embodiments,
however, system 20 may be used in any other suitable appli-
cation and with any other suitable host, such as in computing
devices, cellular phones or other communication terminals,
removable memory modules, Secure Digital (SD) cards,
Multi-Media Cards (MMC) and embedded MMC (eMMC),
digital cameras, music and other media players and/or any
other system or device in which data is stored and retrieved.
[0022] System 20 comprises multiple memory devices 28
sharing a common IO bus 46, each comprising multiple ana-
log memory cells. System 20 stores data in the analog
memory cells by programming the cells to assume respective
memory states, which are also referred to as programming
levels. The programming levels are selected from a finite set
of possible levels, and each level corresponds to a certain
nominal storage value. For example, a 2 bit/cell MLC can be
programmed to assume one of four possible programming
levels by writing one of four possible nominal storage values
into the cell. The memory cells are typically arranged in a
memory array comprising rows and columns.

[0023] Each memory device 28 may comprise a packaged
device or an unpackaged semiconductor chip or die. A typical
SSD may comprise a number of 4 GB devices. Generally,
however, system 20 may comprise any suitable number of
memory devices of any desired type and size. Although the
system configuration of FIG. 1A comprises multiple memory
devices, some of the methods and systems described herein
can also be used in systems having only a single memory
device.

[0024] System 20 comprises a memory controller 32,
which accepts data from host 24 and stores it in memory
devices 28, and retrieves data from the memory devices and
provides itto the host. Memory controller 32 comprises a host
interface 36 for communicating with host 24, a memory inter-
face 40 for communicating with memory devices 28, and a
processor 44 that processes the stored and retrieved data.
[0025] The memory controller communicates with
memory devices 28 over interface (bus) 46 that typically
comprises information and control lines. The memory con-
troller comprises a shifter module 52 that performs time shift-
ing to align the time position of one or more of the signals of
bus 46, based on a common skew parameter (or parameters)
stored in a local register 56.

[0026] In some embodiments, controller 32 encodes the
stored data with an Error Correction Code (ECC). In these
embodiments, controller 32 comprises an ECC unit 48, which
encodes the data stored in devices 28 and decodes the ECC of
data retrieved from devices 28. The functions of processor 44
can be implemented, for example, using software running on
a suitable Central Processing Unit (CPU), using hardware
(e.g., state machine or other logic), or using a combination of
software and hardware elements.

[0027] Memory controller 32, and in particular processor
44, may be implemented in hardware. Alternatively, the
memory controller may comprise a microprocessor that runs
suitable software, or a combination of hardware and software
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elements. In some embodiments, processor 44 comprises a
general-purpose processor, which is programmed in software
to carry out the functions described herein. The software may
be downloaded to the processor in electronic form, over a
network, for example, or it may, alternatively or additionally,
be provided and/or stored on tangible media, such as mag-
netic, optical, or electronic memory.

[0028] The system configuration of FIG. 1A is an example
configuration, which is shown purely for the sake of concep-
tual clarity. Any other suitable memory system configuration
can also be used. Elements that are not necessary for under-
standing the principles of the present invention, such as vari-
ous interfaces, addressing circuits, timing and sequencing
circuits and debugging circuits, have been omitted from the
figure for clarity.

[0029] In the exemplary system configuration shown in
FIG. 1A, memory devices 28 and memory controller 32 are
implemented as separate Integrated Circuits (ICs). In alterna-
tive embodiments, however, the memory devices and the
memory controller may be integrated on separate semicon-
ductor dies in a single Multi-Chip Package (MCP) or System
on Chip (SoC), and may be interconnected by an internal bus.
Further alternatively, some or all of the memory controller
circuitry may reside on the same die on which one or more of
the memory devices are disposed. Further alternatively, some
or all of the functionality of memory controller 32 can be
implemented in software and carried out by a processor or
other element of the host system, or by any other type of
memory controller. In some embodiments, host 24 and
Memory controller 32 may be fabricated on the same die, or
on separate dies in the same device package.

[0030] FIG. 1B is a simplified diagram describing a single
memory device 28, in accordance with an embodiment of the
present invention. The memory device connects to bus 46 that
carries information and control signals. Information signals
typically carry data, address, and commands information. An
1/0 module 60 accepts information and control signals and
de-multiplexes the information signals into separate data,
address, and commands.

[0031] In the present example, addresses are stored in an
address register 64. Commands (such as READ and WRITE
commands) are stored in a command register 68, whereas
data is stored in, or retrieved from, a memory array 72. [/O
module 60 further comprises one or more Random Access
Memory (RAM) data bufters that hold the data prior to writ-
ing into memory array 72. A control module 76 accepts con-
trol signals and commands, and generates internal control
signals for handling the device operation. Control signals
may be shifted in time by a signal shifter 80 before sent to
module 60, to control module 76, and/or back to the memory
controller.

[0032] The time shift value, also referred to as an individual
skew parameter, is stored in a register 84. In some embodi-
ments, shifter 80 (and/or shifter 52) may comprise a concat-
enation of delay elements, and the individual skew parameter
encodes which of the delay elements are incorporated to
create the total time shift. In general however, any other
suitable time shifter, such as configurable analog or digital
time shifter may be used. For maximal operating speed, con-
trol and information signals should be optimally time aligned,
as explained below.

[0033] Insomeembodiments, during the calibration of tim-
ing misalignment, data written to the RAM data buffers in [/O
module 60 is not delivered to memory array 72. In such
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embodiments, errors that may be contributed by the analog
memory array are eliminated from the interface calibration
process.

[0034] Thememory configuration of FIG. 1B is an example
configuration, which is shown purely for the sake of concep-
tual clarity. Any other suitable memory device configuration
can also be used. Elements that are not necessary for under-
standing the principles of the present invention, such as vari-
ous interfaces, addressing circuits, timing and sequencing
circuits and debugging circuits, have been omitted from the
figure for clarity.

[0035] InFIG. 1B, a signal shifter connects directly to the
control lines. In other embodiments however, in system 20, a
signal shifter may be positioned at the memory controller side
and/or at some or all of the memory devices.

[0036] InFIGS. 1A and 1B, compensating for timing mis-
alignments is carried out by applying time shift to one or more
control signals. In other embodiments however, time shift
may additionally or alternatively be applied to one or more
information signals.

Memory Interface Signals and Timing

[0037] Memory controller 32 communicates with memory
devices 28 using time aligned signals applied to bus lines 46.
Signals are typically categorized into information and control
signals. For example, to retrieve data from the memory
device, the memory controller may send over the bus lines, a
read command followed by a respective memory address.
Control signals are used to separate between dedicated pieces
of information that the controller sequentially sends or
receives over the same information lines.

[0038] Inthelastexample, the controller activates a respec-
tive read control signal when the command is ready on the bus
lines. After the command is safely latched by the control
signal at the memory device, the memory controller sets a
memory address on the bus lines and activates another control
signal to latch the address at the memory device. Then the
memory controller waits for the data retrieved from the
memory to appear on the information lines, and internally
latches the data using a returned control signal provided by
the memory device.

[0039] As another example, the controller may perform a
write operation by sending a write command, followed by
respective address, and data to be written. Again, each of the
command/address/data information pieces should be sent
with accompanying control signals.

[0040] FIG. 2 is a diagram that schematically illustrates
timing relationships between signals of bus 46, in accordance
with an embodiment of the present invention. The figure
depicts signals related to a read operation, originating at one
of'the memory devices and arriving at the memory controller
after some propagation delay. In the figure, STROBE denotes
a control signal, and INFORMATION denotes an informa-
tion signal such as a data bit, an address bit, or a command bit
signal. A data bit is also denoted DQ and a respective strobe
signal is denoted DQS.

[0041] As described above, upon receiving a read com-
mand, the memory device retrieves data from memory array
72 or directly from the data buffer in I/O module 60 during
timing calibration, and transfers the data to the information
lines through I/O module 60. Additionally, the memory
device provides possibly time shifted control/strobe signals
to latch the data at the memory controller. In FIG. 2, the
memory device sets the STROBE signal shortly after the
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INFORMATION signal becomes valid, i.e., after a Atm time
delay. Moreover, the STROBE signal ends while the INFOR-
MATION signal is still valid. In some embodiments, the
memory device activates the STROBE and the INFORMA-
TION signals simultaneously, resulting in Atm=0.

[0042] Both the STROBE and the INFORMATION signals
travel along respective routed wiring of bus 46 towards the
memory controller. In the example of FIG. 2, the STROBE
signal arrives at the memory controller after a time duration
denoted STROBE PROPAGATION DELAY, and the
INFORMATION signal arrives at the memory controller after
a different time duration denoted INFORMATION PROPA-
GATION DELAY. Thus, as seen by the memory controller,
the STROBE signal starts with Atc time delay relative to the
instance where the INFORMATION signal becomes valid.

[0043]

[0044] Moreover, Atm may differ among memory devices,
as the internal read delay incurred when retrieving data out of
the memory may be different for each device. Additionally,
since the signals travel along different wiring routs, Atc may
be different for each memory device.

[0045] Without compensating for the differences in time
alignment, the information valid period should be extended,
therefore limiting the operating speed of the memory system.
As depicted in FIG. 2, the time alignment between the
STROBE and the INFORMATION signals may be carried
out at the memory controller and/or at each memory device. A
memory device may control Atm using shifter 80, and the
memory controller may control Atc using shifter 52.

Generally, Atm and Atc may differ from one another.

Interface Timing Calibration

[0046] FIG. 3 is a flow chart that schematically illustrates a
method for timing calibration among signals of a memory
interface, in accordance with an embodiment of the present
invention. The purpose of timing calibration is to derive skew
parameters so as to optimally compensate for timing mis-
alignments.

[0047] Optimal skew parameters may differ between write
communication (from the memory controller to the memory
device) and read communication (from the memory device to
the memory controller). The method described in FIG. 3 can
be used for calibrating both write and read skew parameters,
for example, by executing the flow of FIG. 3 separately for
write and for read calibration. When calibrating skew param-
eters for one communication direction, the rate for that direc-
tion is configured to be normal and the rate for the opposite
direction is configured to be lower than normal so that reliable
communication in the opposite direction can be assumed.

[0048] The method begins with memory controller 32 set-
ting default common and individual skew parameters in reg-
isters 56 and 84, at a set default parameters step 200.

[0049] Default skew parameters may be derived, for
example, at fabrication time. Additionally or alternatively, the
memory controller may get default skew parameters from
host 24. Further additionally or alternatively, the memory
controller may use any suitable method to derive default skew
parameters.

[0050] Since the default skew parameters can only roughly
compensate for timing misalignments, when calibrating skew
parameters for one communication direction memory con-
troller 32 configures the system for a reduced speed operation
for the opposite communication direction at a set calibration
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speed step 204. Using lower rate for the opposite communi-
cation direction guarantees reliable communication for that
direction.

[0051] Thus, in order to calibrate the read skew parameters,
the memory controller writes at a reduced rate so that data is
written reliably, and reads at normal rate to calibrate the
parameter. Similarly, to calibrate the write skew parameters,
the memory controller writes at normal rate and reads at a
reduced rate.

[0052] The memory controller may control the system
operating speed by setting a clock by which the control and
information signals are generated to a suitable rate. At low
speeds the memory system can tolerate some level of timing
misalignment and still function reliably. At step 204, the
memory controller may select any suitable reduced speed
value to guarantee reliable communication in the direction
that is currently not under calibration. For example, the
memory controller may set a signaling speed that is about half
the nominal speed that may be achieved after timing calibra-
tion, or the lowest speed supported.

[0053] Memory controller 32 then prepares for measuring
individual calibration skew parameters by setting an index
variable K to one at a reset index step 208. The variable K
serves to index individual memory devices. The memory
controller measures the timing misalignment of the memory
device indexed by K (i.e., measures the timing misalignment
between the control and information signals for the memory
device indexed by K), at a measure parameter step 212. The
memory controller may use any suitable method for measur-
ing the optimal calibration parameter as known in the art. At
step 212 the memory controller performs write and read
operations at speeds or rates as selected at step 204 above.
Additionally, the memory controller may compare read data
to the corresponding written data (at the specified rates) and
adjust timing misalignment until data match is achieved.
[0054] Memory controller 32 checks if all the memory
devices were measured, ataloop termination step 216. In case
the result at step 216 is negative, the memory controller
increments K at an increment step 220, and loops back to step
212 to measure the next memory device.

[0055] Having measured the misalignments of all the
memory devices, memory controller 32 calculates a common
and individual skew parameters at a calculate step 224. The
common skew parameter is applicable to all the memory
devices. Each individual skew parameter is indicative of the
residual timing misalignment in the corresponding memory
device, after correcting the misalignment using the common
skew parameter.

[0056] The memory controller may use any suitable calcu-
lation method at step 224. For example, the common skew
parameter may be calculated as the mean, median, minimal,
or maximal value of the measured parameters. Each indi-
vidual parameter may be calculated, for example, by subtract-
ing the common parameter value from the respective mea-
sured parameter. In some embodiments, some or all of the
individual parameters may result in positive and/or negative
values. In other embodiments, the common parameter may be
taken as the minimal or maximal value respectively, to avoid
using individual skew parameters of opposite signs.

[0057] It should be appreciated that in the current context
the term parameter may correspond to a scalar continuous or
discrete value, or to a vector entity comprising multiple such
scalars. For example, a vector parameter may relate to a set of
multiple control signals. Additionally or alternatively, a vec-
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tor parameter may be multidimensional. For example, the
memory controller may measure multiple physical param-
eters that may influence timing misalignment such as skew
parameter, temperature, and operating voltage and frequency
to compose a vector parameter. The signal shifter may map
that vector to a corresponding time shift.

[0058] The memory controller stores the calculated com-
mon skew parameter to a local register 56 at a store param-
eters step 228. Still at step 228, the memory controller stores
the individual calculated skew parameters to a respective
register 84 of each memory device. At this point, memory
system 20 is considered calibrated and the memory controller
sets the system to a normal or nominal working speed for both
communication directions at set normal speed 232.

[0059] As timing misalignments may drift over time,
memory controller 32 may occasionally repeat the described
calibration process. The memory controller may use any suit-
able method to decide when to perform timing recalibration.
For example, the memory controller may recalibrate periodi-
cally or after performing a certain amount of program/erase
cycles. As another example, the memory controller may reca-
librate the timing synchronized to other maintenance opera-
tions such as read threshold adjustments. As yet another
example, in case the controller detects increased error rates at
ECC 48 while retrieving data, the memory controller may set
the system to a slower operating speed and check if the errors
rate is reduced. In case slowing the operating speed improves
reliability, the memory controller may decide to recalibrate
the interface timing.

[0060] To perform recalibration, the memory controller
selects a calibration speed (similar to step 204) at a set speed
step 236. Since however this is not the initial calibration
process, the memory controller may reduce the speed at step
236 (for the communication direction that is not under cali-
bration) to a speed higher than the reduced speed selected at
step 204, or even remain at the normal operating speed. The
memory controller then loops back to step 208 to start the
calibration process over again.

[0061] The method of FIG. 3 is an exemplary method, and
other suitable methods may be used in alternative embodi-
ments. For example recalibration may start at step 200 or 204
instead of step 208.

[0062] The example methods described above, an indi-
vidual skew parameter is set per each memory device, and is
typically used for timing alignment in both reading and writ-
ing operations. In alternative methods, however, separate
individual skew parameters may serve for timing alignment
in read and write operations.

[0063] It will be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and sub-com-
binations of the various features described hereinabove, as
well as variations and modifications thereof which would
occur to persons skilled in the art upon reading the foregoing
description and which are not disclosed in the prior art. Docu-
ments incorporated by reference in the present patent appli-
cation are to be considered an integral part of the application
except that to the extent any terms are defined in these incor-
porated documents in a manner that conflicts with the defini-
tions made explicitly or implicitly in the present specification,
only the definitions in the present specification should be
considered.
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1. A method, comprising:

communicating between a memory controller and multiple
memory devices over an interface that comprises at least
a control signal and an information signal;

for each memory device, producing a respective individual
skew parameter, which is indicative of a timing mis-
alignment between the control signal and the informa-
tion signal when communicating with that memory
device; and

storing the respective individual skew parameter coupled

to each memory device, and correcting the timing mis-
alignment at the memory device using the stored indi-
vidual timing skew.

2. The method according to claim 1, and comprising deriv-
ing from respective individual skew parameters of the
memory devices a common skew parameter that is applicable
to the multiple memory devices.

3. The method according to claim 2, wherein producing the
individual skew parameter comprises setting the individual
skew parameter to compensate for a residual timing misalign-
ment remaining for the respective memory device after
accounting for the common skew parameter.

4. The method according to claim 2, and comprising stor-
ing the common skew parameter in the memory controller,
and correcting the timing misalignment using both the com-
mon skew parameter and the individual skew parameter.

5. The method according to claim 1, wherein producing the
individual skew parameter comprises setting a clock by
which the control and information signals are generated to a
first rate, and wherein correcting the timing misalignment
comprises setting the clock to a second rate, higher than the
first rate.

6. The method according to claim 1, wherein the interface
has first and second opposite communication directions, and
wherein producing the individual skew parameter comprises
calculating the individual skew parameter for the first direc-
tion, while communicating in the first direction at a first rate
and in the second direction at a second rate that is smaller than
the first rate.

7. The method according to claim 1, wherein producing the
individual skew parameter comprises measuring a reading
error rate in a given memory device using an ECC module,
and producing the individual skew parameter for the given
memory device upon detecting that the error rate exceeds a
predefined threshold.

8. The method according to claim 1, wherein producing the
individual skew parameter comprises writing data to the
memory device, reading the data from the memory device,
and producing the individual skew parameter for the given
memory device based on detected differences between the
written and the read data.

9. The method according to claim 1, wherein producing the
individual skew parameter comprises producing different
individual skew parameters for read and for write operations.

10. An apparatus, comprising:

multiple memory devices; and

a memory controller, which is configured to communicate

with the multiple memory devices over an interface that
comprises at least a control signal and an information
signal, to produce, for each memory device, a respective
individual skew parameter that is indicative of a timing
misalignment between the control signal and the infor-
mation signal when communicating with that memory
device, to provide the respective individual skew param-
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eter for storage coupled to each memory device, and to
cause each memory device to correct the timing mis-
alignment using the stored individual timing skew.

11. The apparatus according to claim 10, wherein the
memory controller is further configured to derive from
respective individual skew parameters a common skew
parameter that is applicable to the multiple memory devices.

12. The apparatus according to claim 11, wherein the
memory controller is configured to produce the individual
skew parameter by setting the individual skew parameter to
compensate for a residual timing misalignment remaining for
the respective memory device after accounting for the com-
mon skew parameter.

13. The apparatus according to claim 11, wherein the
memory controller is further configured to store the common
skew parameter in the memory controller, and to correct the
timing misalignment using both the common skew parameter
and the individual skew parameter.

14. The apparatus according to claim 10, wherein the
memory controller is configured to produce the individual
skew parameter by setting a clock by which the control and
information signals are generated to a first rate, and to correct
the timing misalignment by setting the clock to a second rate,
higher than the first rate.
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15. The apparatus according to claim 10, wherein the inter-
face has first and second opposite communication directions,
and wherein the memory controller is configured to produce
the individual skew parameter by calculating the individual
skew parameter for the first direction, while communicating
in the first direction at a first rate and in the second direction
at a second rate that is smaller than the first rate.

16. The apparatus according to claim 10, wherein the
memory controller is configured to produce the individual
skew parameter by measuring a reading error rate in a given
memory device using an ECC module, and to produce the
individual skew parameter to the given memory device upon
detecting that the error rate exceeds a predefined threshold.

17. The apparatus according to claim 10, wherein the
memory controller is configured to produce the individual
skew parameter by writing data to the memory device, read-
ing the data from the memory device, and producing the
individual skew parameter for the given memory device
based on detected differences between the written and the
read data.

18. The apparatus according to claim 10, wherein the
memory controller is configured to produce the individual
skew parameter by producing individual skew parameters for
read and for write operations.
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