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Title : Method and Apparatus for Maintaining an Accurate I/O Calibration cell

Description

Field of the invention

This invention relates to circuits and methods for maintaining an accurate I/O calibration cell.

Background of the invention

Modern integrated circuits commonly come in the form of chips. The integrated circuits within

a chip communicate with the world outside the chip through metalization layers on the outside of

the chip known as signal pads. For communication from within the chip to the world outside, "I/O

driver circuits" drive signals or data through the signal pads on the exterior of the chip. The signal

pads of various chips are connected together by signal lines thereby allowing communications

between different chips.

The electrical connection from the signal pad through the packaging of the chip and the load

(on-board transmission line and the load itself) contains parasitic resistance, inductance, and

capacitance which interferes with the transmission of the signal from the signal pad. The printed

circuit board signal trace itself also contains transmission line characteristic impedance which also

interfere with the quality of the transmitters of the signal from the signal pad.

To transmit a signal from one chip to another, it is necessary that the chip transmitting the

signal have an appropriate signal driving capability, which drives an appropriate signal waveform

for representing information contained in the signal. In general, a large driving capability means a

small corresponding driving impedance, and vice versa. For best data transfer performance, the

impedance of the I/O driver and the combined impedances of the on-board transmission line and

the load should match.

Since the driving impedance is a crucial reference and parameter for driving output signals, a

tolerable range allowed in the driving impedance is established in certain signal exchange interface

standards. For example, in the Double-Data-Rate (DDR) interface standards, an impedance

tolerable range for driving impedance is specified to maintain accuracy in signal exchange.

Coupled with ever-increasing frequency expectations and power limitations, the tolerable driving

range shrinks.

Summary of the invention

The present invention provides an integrated circuit and method for maintaining an accurate

I/O calibration cell as described in the accompanying claims.

Specific embodiments of the invention are set forth in the dependent claims.

These and other aspects of the invention will be apparent from and elucidated with reference

to the embodiments described hereinafter.



Brief description of the drawings

Further details, aspects and embodiments of the invention will be described, by way of

example only, with reference to the drawings. In the drawings, like reference numbers are used to

identify like or functionally similar elements. Elements in the figures are illustrated for simplicity and

clarity and have not necessarily been drawn to scale.

Figure 1 schematically shows an example of a solution associated with the prior art;

Figure 2 schematically shows an example of an embodiment I/O circuit;

Figure 3 schematically shows an example of embodiment I/O calibration cells; and

Figures 4a and 4b show flow charts of examples of embodiments of methods for emulating

an aging effect.

Detailed description of the preferred embodiments

Because the illustrated embodiments of the present invention may for the most part, be

implemented using electronic components and circuits known to those skilled in the art, details will

not be explained in any greater extent than that considered necessary for the understanding and

appreciation of the underlying concepts of the present invention and in order not to obfuscate or

distract from the teachings of the present invention.

The term "I/O cell" encompasses an output-only cell or an input and output cell. "I/O pad"

and "pad" encompass a metal pad that conveys only an input signal, only an output signal, or both

an input signal and an output signal. "I/O pad" include one or more bond pads and/or one or more

probe pads. Bond pads may also include wire bond pads, bump bond pads, or any other type of

bond pad. "Aging effects" include, but are not limited to, hot carrier injection (HCI), negative or

positive bias temperature instability (NBTI/PBTI), electromigration (EM), and/or the resultant

impedance change caused from said effect introduced by stresses applied to the integrated circuit,

including intensive switching, high temperatures, and/or high voltages. "Switching activity" refers to

logic transitions that occur within an I/O cell. "Switching activity intensity" refers to a number of

transitions that occur within a single I/O cells or group of I/O cells over a period of time, including

but not limited to, a clock frequency, a clock period, and a calibration session. One measure of

"switching activity intensity" may be integrating the toggle rate over a period of time.

It may be advantageous to maintain accurately calibrated driving impedances of an I/O cell

over the lifetime of a chip within a system in order to maintain the accuracy in signal exchange.

Figure 1 schematically shows an example of a chip 12 . For calibration purposes, chip 12 may be

provided with pad (not shown) for connecting I/O calibration cell 10 externally to a resistor Rext.

Rext may be a precision resistor. An external resistor may be used because the resistor is

sufficiently divorced from an IC's presently-occurring operating conditions, and therefore remains

stable enough to provide a reliable reference. Further, resistor parameter variation is small

because of the materials used to manufacture reference resistors. An example of a calibration

process shall be described below.



Calibration unit 14 may be arranged to adjust an operating parameter of, e.g. , I/O calibration

cell 10 . The operating parameter may be measured in relation to resistor Rext, for example. A

non-limiting and non-exhaustive list of operating parameters may include, for example, driving

capability (e.g. , pull-up impedance, pull-down impedance), internal impedance, drive strength

(current), voltage threshold , and bias current. Based on an operating parameter reaching , e.g. , a

desired quantity in relation to, e.g. , resistor Rext, a determined operating parameter (which may be

the same or related to the measured operating parameter) may be transmitted to set an operating

parameter. In the shown example, the determined operating parameter may be transmitted along,

e.g. , bus 16 , to set an operating parameter of I/O cells 18a, 18b, and 18c, wherein I/O cells 18a-c

may be in the same group of l/Os serving the same interface. I/O calibration cell 10 may be an

exact replica of the I/O cell being configured, e.g. , I/O cells 18a, 18b, and 18c.

Aspects of the invention are based on the insight that problems with the technique of Figure

1 arise because of aging effects of active devices that compose an I/O cell may diverge, for

example, by cell type (e.g., clock cell, data cell, control cell, strobe cell) and/or switching activity

intensity over time for each of the cells.

To maintain accurate I/O operating parameters, divergent aging effects should be taken into

account, in particular aging effects that cause slower switching speeds (e.g. , propagation delay),

which in turn may cause a relative delay shift of synchronous signals within an IC or a complete

non-functionality of pipelined circuits due to hold time variations.

Figure 2 schematically shows an example of an embodiment I/O circuit 20. I/O circuit 20

may include, for instance, a calibration unit 22, one or more activity analysis units, e.g. three

activity analysis units 24a, 24b, and 24c, and an interface 26. Interface 26 may be an interface of a

data transfer protocol on I/O circuit 20. Interface 26 may include at least I/O calibration cell 28, pad

32, clock cell 34, data cells 36, control cells 38, and strobe cells 40. In some embodiments, all

cells, except calibration cells 28 and 30, may be directly coupled to a corresponding pad (not

shown). In some embodiments, calibration cell 28 and optional calibration cell 30 may be coupled

to pad 32, wherein the outputs of each calibration cell may be multiplexed to pad 32. In some

embodiments, each calibration cell includes a pad.

Interface 26 may be arranged to transmit output signals, for example, clock signals, data

signals, control signals, and strobe signals which compose a communication protocol, via the

respective cells clock cell 34, data cells 36, control cells 38, and strobe cells 40. Each output

signal may for example be a data transfer protocol output signal type.

The activity analysis unit may correspond with a cell type. For example, activity analysis unit

24a may analyze a data signal which may be fed in one or more data cells of, e.g. , data cells 36.

An activity analysis unit may further base its activity analysis on, e.g. , a clock signal. The clock

signal may notably be a gated clock signal or a clock signal that may alternate between gated and

non-gated states. For example, if the activity factor represents how often the output changes of an

IO cell with respect to the clock signal, then the activity factor may be related to an IO cell's

toggling rate.



ln some embodiments, a data path logic activity factor may be set based on an interface

access duty cycle. To explain further, an activity factor of 0.5 may be selected because a data I/O

cell may switch once from low to high state and once from high to low state per clock period. In

some embodiments, a data path logic activity factor may be based or further based on burst

access. For example, a duty cycle of a burst access to the interface may be 40%, corresponding to

additional activity factor of 0.4. In some embodiments, a data path logic activity factor may be

based or further based on statically-based switching activity. For example, statistically only half of

the data bits/cells may be switching, while the other half may be stable, which may correspond to

additional activity factor of 0.5. The aggregate activity factor may then be calculated by multiplying

the separate activity factors (e.g. , 0.5 x 0.4 x 0.5 = 0 .1 or 10%). Activity factors for control signals

may be calculated similarly and may be smaller than the data activity factors. However, the clock

and strobe activity factors are close to 1 when the interface is operated, and therefore their activity

factors may be set by the duty cycle of the burst accesses.

In this embodiment, activity analysis unit 24a provides an activity factor for emulating the

aging effects due to switching based on the data signal and the clock signal. Emulation includes

imitating the behavior or characteristic of an arbitrary I/O cell through I/O signal analysis,

empirically-determined data, and/or statistical models of transistor behavior. For example, an

activity factor may relate to a switching pattern that induces aging effects, wherein the extent of the

induced aging effects may be determined by the activity factor.

An activity factor may range from 0 to 1, wherein 0 represents no or the lowest switching

activity intensity and 1 represents the highest switching activity intensity. Various resolutions may

be used and alternative embodiments include other scales besides 0 to 1.

An I/O cell's transistor switching activity may increase or decrease the output impedance of

the I/O cell based on a dominant ageing mechanism, but switching activity intensity may vary

among I/O cells of different cell types and even I/O cells of the same cell type. In some

embodiments, the activity factor represents a statistical-modeled switching activity intensity for I/O

cells of the same cell type or alternative grouping such as by channel, by a shared interface device

(e.g. , a memory), and sub-groups thereof (e.g. , address I/O cells of a memory).

In some embodiments, all cells of an IC interface may form a single group, wherein the

activity factor represents an overall switching activity.

Independent of I/O cell grouping, the activity factor may represent a total accumulated

switching activity (i.e., absolute scale), but may also represent a switching activity intensity, i.e., a

switching activity per, for example, number of clock cycles or other calibration session length.

Such an activity factor may be accumulated with past activity factors to form a moving average

switching intensity activity to, for example, ameliorate for unusual switching activity intensity during

a particular calibration session.

In this embodiment, activity analysis unit 24a analysis the switching activity intensity of data

cells 36 based on the data and clock signals. For each calibration session, an activity factor may

be supplied, which will be used to emulate the switching activity intensity, as described below. A

calibration session may be set based on a time length, a number of clock cycles, or on an amount



of transmitted data. A calibration operation could be initiated based upon some process requests

from other circuitry or it could be initiated and/or ended upon an external command by the user.

The length of a calibration session may be equal, for example, to a number of clock cycles or

a period of time.

At the end of the calibration session, an activity factor may be transmitted to calibration unit

22. For example, activity analysis unit 24a determines an activity factor of one-third based on a

gated clock signal and the data signal for a calibration session. Should the clock signal not be

gated, the same data signal may result in an activity factor of one-half for a calibration session that

otherwise includes an identical data signal.

With a gated clock signal and data signal may result in an I/O driving circuit of data cell 36 to

switch from a logical 0 to 1 or 1 to 0 output per clock period. Based on this switching activity

intensity (i.e. , a toggling rate of 50%) for a calibration session, activity analysis unit 24a provides an

activity factor of one-third . In alternative embodiments, the activity factor may represent a highest

or lowest switching activity intensity of an I/O cell of a group of I/O cells based on an input signal

and/or clock signal.

Activity analysis units 24b and 24c operate similarly. For example, activity analysis unit 24c

determines an activity factor based on the strobe signal and clock signal. I/O circuits of strobe cells

40 typically switch in response to a state change (e.g., from logical 0 to 1) in the strobe signal.

That is, there may be a one-to-one correspondence to the strobe signal and switching activity.

Thus, should a data signal and strobe signal be identical to each other during a calibration session,

activity analysis unit 24a may provide an activity factor of one-third , while activity analysis unit 24c

may provide an activity factor of two-thirds.

Calibration unit 22 receives the various data activity factors and determines, for example, a

data signal to apply to at least one I/O calibration cell. In some embodiments, calibration unit 22

receives an activity factor per cell grouping. In some embodiments, calibration unit 22 determines

a single activity factor, which may be representative of the overall switching activity intensity of cells

34, 36, 38, and 40, i.e., a "global" activity factor. The calibration unit 22 may then output, for

example, a switching signal based on a global activity factor or output a data signal based on one

of the received activity factors (e.g. , clock, data, control, and strobe activity factors).

As an illustrative example, calibration unit 22 may provide a switching signal to I/O

calibration cell 28 based on the activity factors received from activity analysis units 24a, b, and c .

Calibration unit 22 determines a switching signal to emulate the aging effects of, for example, a

group of cells due to switching activity, within a single calibration cell.

The determined switching signal may be based on an average of the received activity

factors. Although this may result in an I/O calibration cell impedance that may be both lower and

higher than the actual impedance of some of the cells 34, 36, 38, and 40, such error is typically

more accurate than no emulation at all.

For example, a DDR3 I/O cell built from Ivt transistors shows a 22% increase in impedance

as a result switching at the maximum switching intensity, but an identically-built I/O calibration cell

showed only approximately a 10% increase. However, by exposing the I/O calibration cell to a



switching pattern signal, as described below, the I/O calibration cell's aging effects will increase

and thus so will its intrinsic impedance.

In some embodiments, the determined switching signal may be applied only to I/O calibration

cell 28. Thus, by receiving the determined switching signal, I/O calibration cell 28 receives a

"designed" pattern that causes a similar level of aging impact that cells 34, 36, 38, and 40 undergo

if a global activity factor is used . That is, the operation of I/O calibration cell 28 emulates the

ageing affects of cells 34, 36, 38, and 40.

For example, based on an activity factor and clock signal, calibration unit 22 may create a

switching signal, whose frequency may be equal to Clock Frequency x activity factor. To explain

further, a counter-based cell with an activity factor of 0.2 may output for 2 clock cycle periods out of

every 10 clock cycle periods, and may block (i.e., gate) for the 8 other clock cycle periods.

Thus, a switching signal may switch an I/O calibration cell twice per calibration session if the

calibration session is equal to 10 clock cycle periods. The switching may be periodic or aperiodic.

The only requirement may be that the switching signal produces a number of switches set by the

activity factor within a time period, e.g. , a calibration session. That is, the switching activity

intensity is equal in both the calibration cell and the counter-based cell.

A switching signal pattern may correspond to an activity factor in a look-up table. The

switching signal may be applied during a calibration session or some portion thereof. That is, the

switching signal may induce aging effects at a faster rate than to the aging effect which

corresponds to the activity factor of a calibration session, but is applied for a proportionally shorter

time than a full calibration session.

If calibration unit 22 changes an operating parameter of I/O calibration cell 28 after a global

switching pattern is applied, the operating parameter may be determined taking into account the

aging effects of cells 34, 36, 38, and 40. As described in Figure 1, an operating parameter of I/O

calibration cell 28 may be measured or adjusted with respect to resistor Rext. The operating

parameter or related operating parameter may be transmitted to one or more groups of cells 34,

36, 38, and 40 and the cells may be adjusted accordingly. Transmitted operating parameters

include driving signal strength and may be represented by a multi-bit digital word. In some

embodiments, the driving signal strength may be represented by an analog bias voltage. .

As will be explained in more detail in respect to Figure 3 , more than one I/O calibration cell

may be used. For example, I/O calibration cell 28 may receive a switching pattern corresponding

to a high switching activity and I/O calibration cell 30 receives a switching pattern corresponding to

a low switching activity. In some embodiments, an I/O calibration cell may be provided for each

cell group type (e.g . , data cells, control cells).

An I/O cell type may age at a different rate than other I/O cell types. That is, I/O pad types

may have divergent aging effects. This may relate not only to an absolute number of switching, but

also a switching activity intensity. For example, low-intensity I/O cells may be more susceptible to

bias temperature instability and high-intensity I/O cells may be more susceptible to hot carrier

injection. Thus, by providing an I/O calibration cell for each cell type or for each group of cells with



a similar activity level, these effects may be more accurately emulated by their respective I/O

calibration cell.

For example, Figure 3 schematically shows an example of embodiment I/O calibration cells

28 and 30. In some embodiments, a calibration unit (not shown) may generate a switching pattern

signal based on each generated activity factor (shown as a square wave input), the generated

activity factor including a high-activity factor and a low-activity factor. In some embodiments,

calibration cell 28 may be the high-activity calibration cell and calibration cell 30 may be the low-

activity calibration cell.

In some embodiments, the calibration unit may alternately drive, within a time period equal to

the calibration session, one of two I/O calibration cells 28, 30 with the switching pattern signal

based on the high-activity factor and the other with the low-activity factor, wherein each switching

pattern signal emulates the ageing effect of an I/O cell or group of cells corresponding to the

activity factor.

In some embodiments, the calibration unit may further alternately connect the at least two

I/O calibration cells 28, 30 through the same pad to external reference resistor Rext by, for

example, applying a signal to the HighZ input to tristate calibration cells 28 or 30, and thus provide

multiplexing between those calibration cells with the same pad, wherein the calibration cells 28 and

30 may be connected to Rext via pad 32. Such an arrangement can minimize pin count and power

consumption of embodiments. Alternative embodiments may include calibration cells with

individual pads (i.e. , each calibration cell includes a pad).

In some embodiments, calibration cells 28 and 30 may switch because of a switching signal

in tandem or consecutively. For example, in some embodiments calibration cells 28 and 30 further

include internal resistors (not shown), which may mimic a driving load .

Thus, the calibration unit may alternately measure an operating parameter of each the two

calibration cells 28, 30 with respect to the reference resistor when a calibration cell is in

communication with resistor Rex (e.g. , non-tristated), and alternately drive each of the two

calibration cells 28, 30 with the high- or low-activity switching pattern signal, all during a calibration

session. Thus, the calibration cells 28 and 30 may be both "aged" and "measured" within a time

period equal to a calibration session, wherein the process may repeat every calibration session.

In some embodiments, a calibration unit may take into account that although calibration cells

28 and 30 may be connected to load Rext, the actual I/O cells (e.g. , data cells, control cells) may

be connected to a different effective load. Thus, in some embodiments, the switching pattern signal

takes termination load into account. Although Figure 3 shows two calibration cells, embodiments

include similar techniques applied to three or more calibration cells sharing an external resistor.

Figure 4a shows a flow chart of an example of an embodiment of a method for emulating an

aging effect. Step S 1 includes generating an activity factor based on an output signal of a data

transfer protocol (e.g. , a clock, data, control, or strobe signal). Step S2 includes generating a

switching pattern signal based on the generated activity factor, and Step S3 includes driving an I/O

calibration cell with the generated switching pattern signal, wherein the switching pattern signal

emulates the ageing effect of the IO cell.



ln some embodiments, step S 1 includes generating an activity factor further based on a

clock signal. In some embodiments, step S 1 includes generating an activity factor, wherein each

generated activity factor may be respectively based on at least the data signal, the control signal,

and the strobe signal. In such embodiments, step S2 may include generating switching pattern

signals, each generated switching pattern signal receptively based on each generated activity

factor.

Figure 4b shows a flow chart of an example of an embodiment of a method for emulating an

aging effect. 16 . Step 1 may be the same or similar as in Figure 4a, and thus are not further

discussed. Step S2b includes generating at least two switching pattern signals, wherein each

generated signals has a different switching activity intensity. Steps S3b and 4 include alternately

driving and measuring an operation parameter of at least two I/O calibration cells, each being

driven by a respective switching activity signal.

In some embodiments, the at least two I/O calibration cells may be alternately driven and

measured within a time period equal to the calibration session. In some embodiments, a first

calibration cell may be driven with a first switching activity signal, then measured as a second

calibration cell may be being driven with a second switching activity signal, and then measured, all

of which occurs within a calibration session.

The invention may also be implemented in a computer program for running on a computer

system, at least including code portions for performing steps of a method according to the invention

when run on a programmable apparatus, such as a computer system or enabling a programmable

apparatus to perform functions of a device or system according to the invention.

A computer program is a list of instructions such as a particular application program and/or

an operating system. The computer program may for instance include one or more of: a subroutine,

a function, a procedure, an object method, an object implementation, an executable application, an

applet, a servlet, a source code, an object code, a shared library/dynamic load library and/or other

sequence of instructions designed for execution on a computer system.

The computer program may be stored internally on computer readable storage medium or

transmitted to the computer system via a computer readable transmission medium. All or some of

the computer program may be provided on transitory or non-transitory computer readable media

permanently, removably or remotely coupled to an information processing system. The computer

readable media may include, for example and without limitation, any number of the following:

magnetic storage media including disk and tape storage media; optical storage media such as

compact disk media (e.g. , CD-ROM, CD-R, etc.) and digital video disk storage media; nonvolatile

memory storage media including semiconductor-based memory units such as FLASH memory,

EEPROM, EPROM, ROM; ferromagnetic digital memories; MRAM; volatile storage media including

registers, buffers or caches, main memory, RAM, etc. ; and data transmission media including

computer networks, point-to-point telecommunication equipment, and carrier wave transmission

media, just to name a few.

A computer process typically includes an executing (running) program or portion of a

program, current program values and state information, and the resources used by the operating



system to manage the execution of the process. An operating system (OS) is the software that

manages the sharing of the resources of a computer and provides programmers with an interface

used to access those resources. An operating system processes system data and user input, and

responds by allocating and managing tasks and internal system resources as a service to users

and programs of the system.

The computer system may for instance include at least one processing unit, associated

memory and a number of input/output (I/O) devices. When executing the computer program, the

computer system processes information according to the computer program and produces

resultant output information via I/O devices.

In the foregoing specification, the invention has been described with reference to specific

examples of embodiments of the invention. It will, however, be evident that various modifications

and changes may be made therein without departing from the broader spirit and scope of the

invention as set forth in the appended claims.

Thus reference throughout this specification to "one embodiment" or "an embodiment"

means that a particular feature, structure, or characteristic described in connection with the

embodiment is included in at least one embodiment of the present invention. Thus, appearances of

the phrases "in one embodiment" or "in an embodiment" in various places throughout this

specification are not necessarily all referring to the same embodiment, but may. Furthermore, the

particular features, structures or characteristics may be combined in any suitable manner, as would

be apparent to one of ordinary skill in the art from this disclosure, in one or more embodiments.

The connections as discussed herein may be any type of connection suitable to transfer

signals from or to the respective nodes, units or devices, for example via intermediate devices.

Accordingly, unless implied or stated otherwise, the connections may for example be direct

connections or indirect connections. The connections may be illustrated or described in reference

to being a single connection, a plurality of connections, unidirectional connections, or bidirectional

connections. However, different embodiments may vary the implementation of the connections.

For example, separate unidirectional connections may be used rather than bidirectional

connections and vice versa. Also, plurality of connections may be replaced with a single

connection that transfers multiple signals serially or in a time multiplexed manner. Likewise, single

connections carrying multiple signals may be separated out into various different connections

carrying subsets of these signals. Therefore, many options exist for transferring signals.

Although specific conductivity types or polarity of potentials have been described in the

examples, it will be appreciated that conductivity types and polarities of potentials may be reversed .

Each signal described herein may be designed as positive or negative logic. In the case of a

negative logic signal, the signal is active low where the logically true state corresponds to a logic

level zero. In the case of a positive logic signal, the signal is active high where the logically true

state corresponds to a logic level one. Note that any of the signals described herein can be

designed as either negative or positive logic signals. Therefore, in alternate embodiments, those

signals described as positive logic signals may be implemented as negative logic signals, and

those signals described as negative logic signals may be implemented as positive logic signals.



Those skilled in the art will recognize that the boundaries between logic blocks are merely

illustrative and that alternative embodiments may merge logic blocks or circuit elements or impose

an alternate decomposition of functionality upon various logic blocks or circuit elements. Thus, it is

to be understood that the architectures depicted herein are merely exemplary, and that in fact

many other architectures can be implemented which achieve the same functionality. For example,

activity analysis units 24a, 24b, and 24c may be "housed" within calibration unit 22.

Thus, any arrangement of components to achieve the same functionality is effectively

"associated" such that the desired functionality is achieved. Hence, any two components herein

combined to achieve a particular functionality can be seen as "associated with" each other such

that the desired functionality is achieved, irrespective of architectures or intermedial components.

Likewise, any two components so associated can also be viewed as being "operably connected,"

or "operably coupled," to each other to achieve the desired functionality.

Furthermore, those skilled in the art will recognize that boundaries between the above

described operations merely illustrative. The multiple operations may be combined into a single

operation, a single operation may be distributed in additional operations and operations may be

executed at least partially overlapping in time. Moreover, alternative embodiments may include

multiple instances of a particular operation, and the order of operations may be altered in various

other embodiments.

Also for example, the examples, or portions thereof, may implemented as soft or code

representations of physical circuitry or of logical representations convertible into physical circuitry,

such as in a hardware description language of any appropriate type.

Also, the invention is not limited to physical devices or units implemented in non¬

programmable hardware but can also be applied in programmable devices or units able to perform

the desired device functions by operating in accordance with suitable program code, such as

mainframes, minicomputers, servers, workstations, personal computers, notepads, personal digital

assistants, electronic games, automotive and other embedded systems, cell phones and various

other wireless devices, commonly denoted in this application as 'computer systems'.

However, other modifications, variations and alternatives are also possible. The

specifications and drawings are, accordingly, to be regarded in an illustrative rather than in a

restrictive sense.

In the claims, any reference signs placed between parentheses shall not be construed as

limiting the claim. The word 'comprising' does not exclude the presence of other elements or steps

then those listed in a claim. Furthermore, the terms "a" or "an," as used herein, are defined as one

or more than one. Also, the use of introductory phrases such as "at least one" and "one or more" in

the claims should not be construed to imply that the introduction of another claim element by the

indefinite articles "a" or "an" limits any particular claim containing such introduced claim element to

inventions containing only one such element, even when the same claim includes the introductory

phrases "one or more" or "at least one" and indefinite articles such as "a" or "an." The same holds

true for the use of definite articles. Unless stated otherwise, terms such as "first" and "second" are

used to arbitrarily distinguish between the elements such terms describe. Thus, these terms are



not necessarily intended to indicate temporal or other prioritization of such elements. The mere fact

that certain measures are recited in mutually different claims does not indicate that a combination

of these measures cannot be used to advantage.



Claims

1. An integrated circuit comprising:

an input/output "I/O" cell (34; 36; 38; 40) arranged to drive an output signal;

an activity analysis unit (24a; 24b; 24c) arranged to generate an activity factor based on

the output signal, the activity factor representing a switching activity intensity of the I/O cell, the

switching activity intensity associated with an ageing effect of the I/O cell;

a calibration unit (22) arranged to generate a switching pattern signal based on the

generated activity factor; and

an I/O calibration cell (28; 30) arranged to be driven by the switching pattern signal,

wherein the switching pattern signal emulates the ageing effect of the I/O cell.

2 . The integrated circuit of claim 1, wherein the activity analysis unit is arranged to generate the

activity factor further based on a clock signal.

3 . The integrated circuit of claim 1 or 2 , further comprising a power supply common to the I/O cell

and the I/O calibration cell.

4 . The integrated circuit of any one of the preceding claims, further comprising a plurality of I/O

cells (34; 36; 38; 40), wherein:

each sub-plurality of the plurality of I/O cells forms a cell group type of a data transfer

protocol, the cell group type including at least a data cell group, a control cell group, and a strobe

cell group of the data transfer protocol, and

the activity analysis unit is arranged to generate the activity factor based on a clock signal

and output signals of the data transfer protocol, the activity factor representing a switching activity

intensity of the plurality of I/O cells, the activity factor associated with an ageing effect on the

plurality of I/O cells driving the output signals, the output signals including at least a data signal, a

control signal, and a strobe signal of the data transfer protocol.

5 . The integrated circuit of claim 4 , further comprising an I/O calibration cell for the data cell

group, an I/O calibration cell for the control cell group, and an I/O calibration cell for the strobe

cell group, wherein:

the activity analysis unit is arranged to generate an activity factor for each cell group type,

the calibration unit is arranged to generate a switching pattern signal based on each

generated activity factor; and

the I/O calibration cells are arranged to be driven by their respective switching pattern

signal, wherein the respective switching pattern signal emulates the ageing effect of the I/O cells

forming the cell group type.



6 . The integrated circuit of any one of the preceding claims, further comprising a plurality of I/O

cells (34; 36; 38; 40) and at least two I/O calibration cells (28, 30), wherein:

at least two sub-pluralities of the plurality of I/O cells demonstrate different switching

activity intensities with respect to one another, including one of the sub-pluralities having a higher

switching intensity than the other, each of the at least two sub-plurality I/O cells arranged to drive a

respective output signal,

the activity analysis unit is arranged to generate an activity factor based on each of the

respective output signals driven during a calibration session, and

the calibration unit is arranged to:

generate a switching pattern signal based on each generated activity factor, the

generated activity factor including a high-activity factor and a low-activity factor, and

alternately drive, within a time period equal to the calibration session, one of the at

least two I/O calibration cells with the switching pattern signal based on the high-activity

factor and the other with the low-activity factor, wherein each switching pattern signal

emulates the ageing effect of the respective sub-plurality I/O cell.

7 . The integrated circuit of claim 6 , further comprising an external reference resistor, wherein the

calibration unit is further arranged to alternately connect the at least two I/O calibration cells to

the external reference resistor.

8 . The integrated circuit of claim 6 or claims 6 and 7 , wherein the at least two I/O calibration cells

further include internal resistors.

9 . The integrated circuit of claim 8 , wherein the calibration unit is further arranged to within the

time period equal to the calibration session:

alternately measure an operating parameter of each the at least two I/O calibration cells

with respect to the reference resistor, and

alternately drive each of the at least two I/O calibration cells with the high- or low-activity

switching pattern signal.

10 . The integrated circuit of claim 7 , and optionally any one of the other preceding claims, wherein

the calibration unit is further arranged to within the time period equal to the calibration session:

alternately measure an operating parameter of each the at least two I/O calibration cells

with respect to the reference resistor, and

alternately drive each of the at least two I/O calibration cells with the high- or low-activity of

an I/O cell, the switching activity intensity associated with an ageing switching pattern signal.

11. The integrated circuit of claim 2 , and optionally any one of the other preceding claims, wherein

the activity analysis unit is arranged to generate the activity factor based on a toggle rate of the

I/O cell during a calibration session.



12 . An input/output "I/O" calibration device, comprising:

an activity analysis unit ( 14a; 14b; 14c) arranged to generate an activity factor based on an

output signal of a data transfer protocol, the activity factor representing a switching activity intensity

effect of the I/O cell, and the output signal including least one of a data signal, a control signal, and

a strobe signal of the data transfer protocol; and

a calibration unit (22) arranged to generate a switching pattern signal based on the generated

activity factor, wherein the switching pattern signal emulates the ageing effect of the I/O cell.

13 . An aging effect emulation method, comprising:

generating (S1 ) an activity factor based on an output signal of a data transfer protocol, the

activity factor representing a switching activity intensity of an I/O cell, the switching activity

intensity associated with an ageing effect of the I/O cell, and the output signal including at least

one of a data signal, a control signal, and a strobe signal of the data transfer protocol;

generating (S2) a switching pattern signal based on the generated activity factor; and

driving (S3) an I/O calibration cell with the generated switching pattern signal, wherein the

switching pattern signal emulates the ageing effect of the I/O cell.

14 . The method of claim 13 , wherein generating the activity factor comprises generating the

activity factor further based on a clock signal.

15 . The method of claim 13 or 14 , wherein the output signal includes at least the data signal, the

control signal, and the strobe signal of the data transfer protocol.

16 . The method of claim 15 , wherein:

generating the activity factor comprises generating an activity factor each respectively

based on at least the data signal, the control signal, and the strobe signal, and

generating the switching pattern comprises generating switching pattern signals, each

generated switching pattern signal receptively based on each generated activity factor.

17 . The method of any one of claims 13-1 6 , further comprising:

alternately measuring an operating parameter of each of at least two I/O calibration cells

with respect to the reference resistor, wherein

generating the activity factor comprises generating the activity factor every calibration

session,

driving the I/O calibration cell comprises alternately driving one of the at least two I/O

calibration cells with a first output signal and driving the other of the at lest two I/O calibration cells

with a second output signal, the first output signal inducing a higher switching activity in the one I/O

calibration cell than the second output signal induces in the second output signal, and each of the

at least two I/O calibration cells are alternately driven and measured within a time period equal to

the calibration session.













A. CLASSIFICATION OF SUBJECT MATTER

G11C 7/10(2006.01)i, G11C 7/22(2006.01)1

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G 11C 7/10; G 11C 7/00; H03K 17/16; G06F 12/00; H03K 19/003; H03M 7/40

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: I/O, switch, pattern, rate, cell, analysis, calibration and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 7944761 B2 (J00 S . CHOI et al.) 17 May 2011 1-3,12-16

See column 8 , lines 1-3; column 17, line 59; and figure 3 .

US 7283070 Bl (ANINDA K . ROY et a l .) 16 October 2007 1-3,12-16

See column 3 , line 45 - column 5 , line 8 ; and figure 4 .

US 7940078 B2 (DONG PAN) 10 May 2011 1-3,12-16

See column 11, lines 54-67; and figure 6 .

KR 10-2008-0002692 A (SK HYNIX INC.) 04 January 2008 1-3,12-16

See paragraphs 83-84 and figure 10.

US 2005-0162948 Al (TRAVIS SWANSON et a l .) 28 July 2005 1-3,12-16

See paragraphs 20-28; and figure 1 .

Further documents are listed in the continuation of Box C . patent family annex.

* Special categories of cited documents: later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

14 May 2013 (14.05.2013) 15 May 2013 (15.05.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
mm 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan BYUN, Sung Cheal
v City, 302-70 1, Republic of Korea

\
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8262

Form PCT/ISA/210 (second sheet) (July 2009)



Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 5, 7, 9-10
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims 5, 7 and 10 refer to a multiple dependent claim that refers to other multiple dependent claims. Claim 9 refer to claim
that doesn't refer to other claims in the alternative way. Therefore, the meaning of the technical feature to which they refer is
vague and unclear.

Claims Nos.: 4 6, 8, 11, 17
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I IAs all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

I IAs all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

I IAs only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 . I INo required additional search fees were timely paid by the applicant. Consequently, this international search report
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

j j The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



Information on patent family members PCT/IB2012/056212

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 794476 B2 17 .05 .20 11 CN 10 1740106 A 16 .06 .2010

CN 1934651 A 2 1.03 .2007

CN 1934651 CO 2 1.03 .2007

DE 60200500 1266 D 12 .07 .2007

EP 1709644 A . 0 .2006

EP 1709644 B 30 .05 .2007

JP 04747342 B2 27 .05 .201

JP 2007-535083 A 29 . 1.2007

KR 10-0779284 B 23 . 1.2007

KR 10-2006-0 120262 A 24. 1.2006

TW 282097 A 0 1.06 .2007

TW 1282097 B 0 1.06 .2007

us 2005-0165999 A 28 .07 .2005

us 2009-023 1936 A 17 .09 .2009

us 20 10-0265777 A 2 1. 0 .2010

us 7508722 B2 24. 03 .2009

us 775 1260 B2 06 .07 .2010

o 2005-073974 A .08 .2005

US 7283070 B 16 . 0 .2007 None

US 7940078 B2 10 .05 .20 11 US 2008-0054935 A 06 .03 .2008

US 2009-0267642 A 29 . 0 .2009

US 7557603 B2 07 .07 .2009

KR 10-2008-0002692 A 04 .0 1.2008 CN 100576341 C 30 . 2 .2009

CN 10 127235 A 20 .02 .2008

CN 10 127235 CO 20 .02 .2008

JP 05069507 B2 24. 08 .2012

JP 2008-017475 A 24. 0 1.2008

US 2008-000 1623 A 03 .0 1.2008

US 7528626 B2 05 .05 .2009

US 2005-0 162948 A 28 .07 .2005 US 7694202 B2 06 .04 .2010

PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

