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AGING MITIGATION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claimas priority to and the benefit of Non-Provisional Application Serial
No. 17/396,046, filed in the United States Patent Office on August 6, 2021, the entire
content of which is incorporated herein as if fully set forth below in its entirety and for

all applicable purposes.

BACKGROUND
Field
Aspects of the present disclosure relate generally o aging, and, more particularly, to aging
mitigation.
Background
A circoit may suffer from aging effects such as bias temperatore instability (BT, which

can degrade the performance of the civcuit over time. For example, BT stress in a signal
path of the circuit during «le mode can cause a duty-cycle shift in the signal path over

timne, which can lead to tming issues {e.g., tirning violations) in the cirauit.

SUMMARY
The following presents a simplified summary of one or more implernentations in order to
provide a basic vnderstanding of such implementations. This ssmmary is not an extensive
overview of all contemplated implementations and is intended 1o netther identify key or
critical elements of all implementations nor delineate the scope of any or all
implementations.  Its sole purpose is to present some concepts of one or more
implementations in a simplified form as a prelude to the more detailed description that is

presenied later,

[BO05] A first aspect relates to a system. The system includes a nultiplexer having a fivst input,

a second input, a select input, and an output. The system also includes a signal path
having an input and an output, wherein the input of the signal path is coupled to the output
of the multiplexer. The system further includes a controtler coupled to the second nput
of the multiplexer and the select input of the multiplexer, wherein the controller has an
indicator input. The controller is configured to receive a mode indicator signal at the

indicator input, if the mode indicator signal has a first logic value, instruct the multiplexer
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to select the first input of the multiplexer, and, if the mode mdicator signal has a second
fogic vahse, mstruct the multiplexer to select the second input of the multiplexer, and
output a control signal to the second input of the multiplexer, the control signal controlling
whether the input of the signal path is parked high or low.

[8006] A second aspect relates to a system. The system includes a fatching circuit having a signal
input, a clock input, a set input, a reset input, and an output. The system also includes a
signal path having an inpuot and an output, wherein the input of the signal path is coupled
to the output of the latching circuit. The system further includes a controlier coupled to
the set input and the reset input of the latching circuit, wherein the controller has an
indicator input. The controller is configured to receive a mode indicator signal at the
indicator input, if the mode mdicator signal has a first logic value, de-assert the set input
and the reset input, and, if the mode indicator signal has a second logic value, control
whether the input of the signal path is parked high or low using the set input and the reset
nput,

18087] A third aspect relates to a method for aging control. The method includes, in an active
mode, inputting a signal to an input of the signal path, and, in an idle mode, controlling

aging of the signal path.

BRIEY DESCRIPTION OF THE DRAWINGS

[8008] FIG. 1A shows an example of a signal path including a delay circuit according to certain
aspects of the present disclosure.

{6009} FIG. 1B shows an example in which an input of the signal path is parked low in an idle
made according to certain aspects of the present disclosure.

[8010] FIG. 1C ilusirates an example of a duty-cycle shift in the signal path due to asymmeiric
aging according to certain aspects of the present disclosure.

{6011} FIG. 1D shows an example in which the input of the signal path is parked high in the idle
mode according to certain aspects of the present disclosure.

[8012] FIG. IE illostrates another example of a duty-cyele shift in the signal path due to
asymmetric aging according to certain aspects of the present disclosure.

[0013] FIG. 2 shows an example of a systermn including a multiplexer with aging control
according to certain aspects of the present disclosure.

16014] FIG. 3Ais a timing diagram iHustrating an example of aging control according to certain

aspects of the present disclosure.
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{6015} FIG. 3B is a timing diagram llusirating another examaple of aging control according to
certain aspects of the present disclosure.

[8016] FIG. 4 shows an example of a controller including a circular shift register according to
certain aspects of the present disclosure.

[0017] FIG. SA shows another example of a system including a multiplexer with aging control
according to certain aspects of the present disclosure.

[6018] FIG. 5B shows an example of the system in FIG. 5A inclading a clock gating circuit
according to certain aspects of the present disclosure.

[6019] FIG. SC shows an exemplary implementation of the clock gating circuit according to
certain aspects of the present disclosure.

{0028] FIG. 6 shows another example of a system including a multiplexer with aging control
according to certain aspects of the present disclosure.

10021 FIG. 7 shows another example of a system including a multiplexer with aging control
according to certain aspects of the present disclosure.

16022] FIG. 8 shows another example of a system including a multiplexer with aging control
according to certain aspects of the present disclosure.

{8023} FIG. 9A shows an example of a system with aging control for two signal paths according
0y certain aspects of the present disclosure.

18024} FiG. 9B shows another example of a system with aging control for two signal paths
according to certain aspects of the present disclosure.

[6025] FIG. 10 shows an example of a system inchuding a latching circuit with aging controd
according to certain aspects of the present disclosure.

18026] FIG. 11A shows another example of a system including a latching circuit with aging
control according to certain aspects of the present disclosure.

(8027} FIG. 118 shows an example of the system in FIG. 11 A including a clock gating cireuit
according to certain aspects of the present disclosure.

{028 FiG. 12 shows an example of a systern including a latching civcuit and a multiplexer with
aging control according to certain aspects of the present disclosure.

[8029] FIG. 13 shows an example of a system inchuding a single data rate (§DR) to double data
rate (DDIR) converter with aging control according to certain aspects of the present
disclosure,

[6030] FIG. 14 shows an exemplary implementation of a controller according to certain aspects

of the present disclosure.
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FIG. 15 shows an example of a multiplexer configured to output an aging control signal
according to certain aspects of the present disclosure.

FIG. 16 shows an example of a memory interface circuit with aging control according to
certain aspects of the present disclosure.

FiG. 17 shows another example of a memory interface circuit with aging control
according to certain aspects of the present disclosure.

FIG. 18 is a flowchart ilustrating a method of aging control according o certain aspects

of the present disclosure.

BETAILED DESCRIPTION
The detailed description set forth below, in connection with the appended drawings, is
micnded as a description of various configurations and is not intended to represent the
only configurations in which the concepts described herein may be practiced. The
detailed description includes specific details for the purpose of providing a thorough
understanding of the various concepts. However, i will be apparent to those skilled in
the art that these concepts may be practiced without these specific details. in some
instances, well-known structures and components are shown in block diagram form in
order to avoid obscuring such concepts.
Aging effects such as bias teroperature instability (BT can degrade the performance of
a circuit over time. For example, BT stress in a signal path of the circuit during idle
mode can cause a duty-cycle shift in the signal path over time, which can lead to timing
issues (e.g., timing violations) in the circuit.
Axn example of BT1 stress induced duty-cycle shift will now be discussed with reference
to FIGS. 1A to 1E. FIG. 1A shows an exarople of a signal path 105 that includes a delay
circuit 113 for delaying a signal in the signal path 105, The delay circuit 115 may be
configured to delay the signal to adjust the timing of the signal relative o another signal.
The signal may be a clock signal, a data signal, a control signal, an address signal, or
another type of signal. For the example where the signal is a clock signal, the delay circuit
115 may be used to adjust the timing of the clock signal to center edges of the clock signal
between transitions of a data signal for data captire. For the example where the signal is
a data signal, the delay circuit 115 may be used to adjust the timing of the data signal to
align the data signal with another data signal (e.g., reduce skew between the data signals).
For the example where the signal path 105 is in a memory system, the signal may be a

control signal including commands for a memory device (¢.g., a write comumand, a rcad
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command, a refresh command, cte.) and/or an address signal inchiding an address in the
memory deviee for writing or reading data.

[0038] The delay cirenit 115 may include delay buffers 120-1 to 120-4 coupled in series, in which
the delay of the delay circuit 115 is equal to the sum of the individual delays of the delay
buffers 120-1 to 120-4. In the cxample shown in FIG. 1A, cach of the delay buffers 120-
1 to 120-4 is implemented with a respective complementary inverter inchiding a
vespective one of transistors 125-1 to 125-4 {(e.g., n-type ficld effect wansistor) and a
respective one of transistors 130-1 to 130-4 (2.2, p-type field effect transistor). However,
it is to be appreciated that each of the delay buffers 120-1 10 120-4 may be iraplemented
with another type of circuit or logic gate.

[0039] When the signal path 105 is in an active mode, a signal {e.g., data signal, clock signal,
etc.) is received at the input 108 of the signal path 105 and delayed by the delay of the
delay circuit 115, The resulting delayed signal may be output to another circuit (not
shown) coupled to the output 110 of the signal path 103,

{6040

mat

1 When the signal path 105 is in an idle mode, the input 108 of the signal path 105 may be

parked (i.c., held) high or low for an idle period. For the example where the signal in the

active mode is a clock signal, the signal path 105 may be in the idle mode when the clock
signal is gated. For the example where the signal in the active mode is a data signal, the
signal path 105 may be in the idle mode when there is no data traffic at the input 108 of

the signal path 105.

[6041] FIG. 18 shows an example in which the input 108 is parked low {(i.e., logic rero) in the
idle mode. FIG. 1B also shows the logic states at the input and the output of each of the
delay buffers 120-1 to 120-4. In this example, the output 110 of the signal path 105 is
low (i.c., logic zero) in the wdle mode. In this example, transistors 130-1, 125-2, 133-3,
and 125-4 are turned on in the idle mode and transistors 125-1, 130-2, 125-3, and 130-4
are turned off in the idle mode. In FIG. iB, the transistors 130-1, 125-2, 130-3, and 125-
4 that are turned on in the idle mode are shown with thickened lines. The transistors 130-
1, 125-2, 130-3, and 125-4 that are turned on in the idle mode are stressed in the idle mode
while the transistors 125-1, 130-2, 125-3, and 130-4 that are turned off in the idle mode
are not stressed in the idle mode. This leads to asymmetric aging in which the transistors
136-1, 125-2, 130-3, and 125-4 that arc stressed in the idle mode age faster than the
transistors 125-1, 130-2, 125-3, and 130-4 that are not stressed in the idle mode.

[0042] In this example, the asymmetric aging shifts the threshold voltages of the transistors 130-

1, 125-2, 130-3, and 125-4 that are stressed in the idic mode, causing the falling odge
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delay at the output 110 to increase relative to the rising edge delay at the output 110, The
increase in the falling edge delay relative to the rising edge delay causes a doty-cycle shift
in the signal path 105. An example of the duty-cycle shift is illustrated in a timing
diagram shown in FI(. 1. In the example shown in FIG. 1C, a clock signal 130 is input
to the input 108 of the signal path 105 i the active mode. In this example, the clock
signal 150 at the input 108 has a 50% duty cycle. FHG. 1C also shows the clock signal
160 at the output 110 of the signal path 105 after the clock signal 150 has been delayed
by the delay circuit 115, The delay circuit 115 delays a rising edge of the clock signal
160 by delay Trand delays a falling edge of the clock signal 160 by delay Ty at the output
110, As shown in FIG. 1€, the delay Ty of the falling edge s longer than the delay T; of
the rising edge due to the asymmetric aging. In this example, the longer delay of the
falling edge causes the duty cycle of the clock signal 160 at the output 110 to increase
{i.e., results in a duty cycle greater than 50% at the output 114).

In the example tlostrated in FIGS. 1B and 1C, the input 108 of the signal path 105 is
parked low in the idle mode. Asymmetric aging also occurs for the case where the input
108 of the signal path 103 is parked high in the idle mode. in this regard, FIG. 11 shows
an example in which the input 108 is parked high (i.e., logic one) in the idle mode. FIG.
1D also shows the logic states at the input and the output of each the delay buffers 120-1
o 120-4. In this example, the output 110 of the signal path 105 is high (i.e., logicone) in
the idle mode. In this example, transistors 125-1, 130-2, 125-3, and 130-4 are turned on
i the idle mode and transistors 130-1, 125-2, 138-3, and 125-4 are prned off in the idle
mode. In FIG. 1D, the transistors 125-1, 13(3-2, 125-3, and 130-4 that are nnned on in
the idle mode are shown with thickened lines. The transistors 125-1, 130-2, 125-3, and
130-4 that are turned on in the idle mode are stressed in the idle mode while the transistors
130-1, 12S8-2, 130-3, and 125-4 that are nirned off in the 1dle mode are not stvessed in the
idle mode, which leads to asymmetric aging in which the transistors 125-1, 130-2, 125-3,
and 130-4 that are stressed in the wdle mode age faster than the transistors 130-1, 125-2,
130-3, and 125-4.

In this example, the asymumetric aging shifts the threshold voltages of the wransistors 125-
1, 138-2, 125-3, and 130-4 that are stressed in the idle mode, causing the rising edge delay
at the output 110 to increasc relative to the falling edge delay at the output 110, The
increase in the rising edge delay refative to the falling edge delay causes a duty-cycle shift
int the signal path 105. An example of the duty-cycle shift is illustrated in the timing

diagram shown in FIG. 1E. In the example shown in FIG. 1E, the clock signal 150 is
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input 1o the input 108 of the signal path 105 in the active mode. In this example, the clock
signal 130 at the input 108 has a 50% duty cyele. FIG. 1E also shows the clock signal
180 at the output 110 of the signal path 105 after the clock signal 130 has been delayed
by the delay circuit 115, The delay circuit 113 delays a rising edge of the clock signal
180 by delay T, and delavs a falling edge of the clock signal 180 by delay Tr at the output
110, As shown in FIG. 1E, the delay T, of the rising edge is longer than the delay Ty of
the falling edge due to the asymmetric aging. In this example, the longer delay of the
rising edge causes the duty cycle of the clock signal 189 at the output 110 to decrease
(i.e., resulis in a duty cycle fess than 50% at the output 110},

Thus, asymmetric aging in the idle mode causes a duty-cycle shift (i.e., duty-cycle
degradaton} over tbne. The duty-cycle shift increases or decreases the duty cycle
depending on whether the input 108 of the signal path 105 is parked low or high in the
wlle mode. In a duty-cycle sensifive system, the duty-cycle shift can lead to tirning issues
in the system. An example of such as system is a double data rate (PDR) system in which
data is captured from a data signal on both rising edges and falling edges of a clock signal.
In this example, duty-cvele shift due to asyrametric aging can lead to timing violations in
the systern.

To address this, various aspecis of the present disclosure control aging in the idle mode
to mitigate duty-cycle shift duc to aging. In one example, instead of parking the input of
a signal path at the same logic value during each idle period, the input is alternately parked
low and high over multiple idle periods to balance the aging of devices {(¢.g., transistors)
in the signal path, and thus mitigate duty-cycle shift due to asymmetric aging. In another
example, a clock signal {e.g., a slow clock signal with a low frequency) is input to the
signal path during idie periods to balance the aging of devices (e.g., transistors) in the
signial path. in another cxample, the input of the signal path may be parked high or low
during each idle period based on an aging pattern {o.g., a programmable aging pattern).
In certain aspecis, the aging pattern may be programmed to compensate for asymmetric
aging of the signal path i the active mode. I certain aspects, a multiplexer coupled to
the input of the signal path is used to control aging of the signal path in the idle mode. In
certain aspects, a latching civeuit (e.g., flip-flop) coupled to the input of the signal path is
used o control aging of the signal path in the idle mode. [n certain aspects, the logic
value at the input of the signal path in the idle mode may be controlled using a set input
and/or a reset input of the laiching circuit. The above exemplary features and other

cxemyplary features of the present disclosure are discussed further below.
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{6047} Asused herein, a “latching circuit” includes one or more circuits configured to latch/store
one ot more logic values, such latches, flip-flops, registers, ete.

{0048] FIG. 2 shows an example of a system 205 with aging mitigation according to certain
aspects of the present disclosure. In this example, the system 205 includes a signal path
210, a multiplexer 220, and a controller 230.

[6049] The signal path 210 has an mput 212 and an output 214, The input 212 may be configored
to receive a signal in the active mode. The signal may be a clock signal, a data signal, a
control signal, an address signal, or another type of signal. The signal path 210 may
include a delay circuit {e.g., delay circuit 113} for delaying the signal. For example, the
delay circuit may be configured o delay the signal to adjust the timing of the signal
relative to another signal, as discussed further below. It is to be appreciated that the signal
path 210 may include one or more other circuits instead of or in addition to the delay
circuit. The one or more other circuits may include one or more logic gates, a sequential
logic circuit, etc. The output 214 of the signal path 210 may be coupled to a sequential
logic circuit, a driver, a pad, or another circuit, as discussed further below.

[6030] The multiplexer 220 has a first input 222, a second input 224, a select input 226, and an
output 228. The output 228 of the multiplexer 220 is coupled to the input 212 of the
signal path 210. The multiplexer 220 is configured to selectively couple the first input
222 or the second input 224 fo the output 228 based on a select signal received at the
select input 226. For exarople, the multiplexer 220 may couple the fust input 222 to the
output 228 (i.e., select the first input 222) when the select signal has a first logic value,
and couple the second input 224 to the ocutput 228 (i.2., select the second input 224} when
the select signal has a second logic value. The first logic vaiue may be one and the second
logic value may be zeroe, or vice versa. In this exarmple, the first input 222 is configured
to receive the signal for the active mode of the signal path 210, As discussed above, the
signal may be a clock signal, a data signal, a control signal (also referred to as a command
signal), an address signal, or another type of signal. Although the nmitiplexer 220 is
shown with fwo inputs in FIG. 2 (e, the fust input 222 and the second input 224), it is
to be appreciated that the multiplexer 220 may include more than two inputs.

16051] The controller 230 has an input 232, a first output 234, and a second output 236. The
input 232 mayv be configured to receive an indicator signal that indicates to the controller
230 whether the signal path 210 is in an idle mode or an active mode. In this regard, the
input 232 may be referred to as an indicator input. In one example, the indicator signal

may have a first logic value to indicate the idie mode and a second logic value to indicate



WO 2023/014460 PCT/US2022/036199

o
the active mode. The first logic value may be one and the second logic value may be
FET0, OF VICE VErsa.

{8052] For the example where the signal input to the signal path 219 is a clock signal, the clock
signal may be gated in the idie mode. In this cxample, the indicator signal may be
gencrated by a circuit (not shown} that controls clock gating in the system 205. n this
cxample, the idle indicate signal may indicate the active mode when the clock signal is
not gated and indicate the idle mode when the clock signal is gated. For the example
where the signal input to the signal path 210 is a data signal, the signal path 210 may enter
the idle mode when there s no incoming data traffic to the signal path 210, in this
example, the indicator signal may be generated by a circuit (not shown )} that controls {e.g.,
manages} data waffic in the system 205. In this example, the indicate signal may indicate
the active mode when there is incoming data traffic and indicate the ille mode when there
is 1o incoring data waffic. For the example where the signal is a conirol signal (also
referred to as a command signal), the signal path 210 may be idie when there is no
incoming command {¢.g., read/write command) to the signal path 210. In this example,
the indicate signal mayv indicate the active mode when there s incoming command and
indicate the idle mode when there is no incoming command.

[8053] The first output 234 of the controller 230 is coupled to the second input 224 of the
multiplexer 220, and the second cutput 236 of the controller 230 is coupled to the select
mput 226 of the multiplexer 220, The controller 230 is configured to output an aging
control signal at the first output 234, As discussed further below, the aging control signal
controls is a control signal that controls whether the input 212 of the signal path 210 is
parked high or low in the idle mode. The controlier 230 is configured to output a select
signal at the second output 236 to control the input selection of the multiplexer 220,

[0654] In the active mode (also referred to as fumctional mode), the controller 230 instrocts the
multiplexer 220 to select the first input 222 using the select signal (e.g., sets the select
signal to the first logic value). As aresult, the multiplexer 220 passes the signal recetved
at the first input 222 to the input 212 of the signal path 210. in one example, the controller
230 may instruct the multiplexer 220 to select the fust input 22 when indicator signal
indicates the active mode. As discussed above, the signal may be a clock signal, a data
signal, a conirol signal, an address signal, or another type of signal. For the cxample
where the signal is a data signal, the signal path 210 may be in the active mode when the

signal path 210 is receiving incoming data traffic. For the example where the signal is a
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control signal, the signal path 210 may be in the active mode when the signal path 210 is
recetving commands (e.g., read/write commands).

[8055] In the idle mode, the controller 230 instructs the mudtiplexer 220 to select the second input
224 (e.g., scts the select signal to the second logic value). For cxample, the controller
230 roay instruct the multiplexer 220 1o select the second input 224 when the controller
230 receives the indicator signal indicating the idle mode. As a result, the moadtplexer
220 couples the aging conirol signal output from the first ovtput 234 of the controller 230
to the input 212 of the signal path 210, This allows the controller 230 to control the aging
of the signal path 210 in the idle mode by controlling the parked logic value (i.c., state}
at the input 212 of the signal path 210 using the aging control signal, as discassed further
below.

{056] FiG. 3A is a timing diagram illustrating an example in which the controller 230 controls
aging in the idle mode using the aging countrol signal according to certain aspects. FIG.
3A shows the logic value 305 (e, state} at the input 212 of the signal path 210 over

wltiple active periods 310-1 to 310-4 and multiple idle periods 320-1 to 320-4. In this
exarople, the signal input 1o the signal path 210 in the active mode is a clock signal.
However, it 1s to be appreciated that the signal may be a data signal, a control signal, an
address signal, or another type of signal.

18057} In the example shown in FIG. 3A, the controller 230 alternately parks the input 212 of
the signal path 210 low and high over the idle periods 326-1 t0 320-4 o balance the aging
of devices {e.g., transistors) in the signal path 210. For example, the controller 230 may
alternately park the inpuot 212 of the signal path 210 low and high over consecutive idle
perioads by alternately setting the aging control signal low and high over the consecutive
idle periods. The controlier 230 may park the input 212 of the signal path 210 fow during
odd 1die periods 320-1 and 320-3 and park the input 212 of the signal path 210 high during
even idie periods 320-2 and 320-4 {as shown in the example in FIG. 3A), or park the input
212 of the signal path 210 high during odd idle periods 320-1 and 320-3 and park the
mput 217 of the signal path 210 low during even idle periods 320-2 and 320-4. To do
this, the controlier 230 may set the aging control signal low doring odd dle periods 320-
1 and 320-3 and set the aging control signal high during even idle periods 320-2 and 320-
4, or st the aging control signal high during odd idle periods 320-1 and 320-3 and sct the
aging control signal low during even dle periods 320-2 and 320-4.

[0058] Assuming the accumulative duration of the odd idle periods 320-1 and 328-3 is

approximately equal to the accumulative duration of the even idie periods 326-2 and 320-
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4 over rany idle periods, the controller 230 parks the jnput 212 of the signal path 210
fow and high for approximately equal durations in the idle mode over time. This helps
balance the aging of the devices {e.g., transistors} in the signal path 210, and therefore
reduces duty-cycle shift in the signal path 210 caused by asymmetric aging.

[6059] FIG. 3B is a timing diagram illustrating another example in which the controlier 230
controls aging in the idle mode using the aging control signal according to certain aspects.
FIG. 3B shows the logic value 350 (i.¢., state) at the input 212 of the signal path 210 over

wltiple active periods 360-1 to 360-4 and multiple idle periods 370-1 to0 370-4. In this
exarople, the signal input 1o the signal path 210 in the active mode is a clock signal.
However, it i3 to be appreciated that the signal may be a data signal or another type of
signal.

{0068] In the example shown in FIG. 3B, the controller 230 inputs a slow clock signal to the
signal path 210 in the idle mode. The slow clock signal may have a much lower frequency
than the frequency of the clock signal used in the active mode to reduce power in the idle
mode. For example, the slow clock signal may have a frequency of 9.2 MHz or lcss.
The slow clock signal may be generated by a slow clock generator (not shown) coupled
to the controller 230, The slow clock generator may be implemented with a crystal
osctllator, or another type of clock generator. In this example, the controtler 230 may
input the slow clock signal to the signal path 210 by outputting the slow clock signal as
the aging control signal in the idle mode (i.c., outputting the slow clock signal at the first
cutput 234).  In this example, the slow clock signal helps balance the aging of devices
(e.g., transistors} in the signal path 210 by alternating the input 212 of the signal path 210
between high and low in the idle mode.

{6061} In certain aspects, the controller 230 may park the input 212 of the signal path 210 in the
idle mode based on an aging patiern, which may be programmable. For example, the
aging pattern may be repeated for cach N consecutive idle periods, where N is an integer.
For each N consecutive idle periods, the aging pattern may indicate a nurober K of the N
consecutive idle periods in which the input 212 of the signal path 210 is parked high and
a nuamber {(i.e., N-K) of the N consecutive idle periods in which the input 212 of the signal
path 218 is parked low. For example, if N equals &, then the aging pattern is repeated for
cach § conseccutive idle periods. In this aspect, the controller 230 may control aging based
on the aging pattern by setting the aging controd signal high for k of the N counsecutive
idle periods and setting the aging control signal low for N-k of the N consecutive idle

periods. N may be an integer greater than one, k may be an integer equal to or greater
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than one, and N may be greater than k. In one example, k and N may be stored as

pararpeters in a register 235 in the controller 230. In this example, k and N may be
programmabie by writing the values for k and N in the register 235. 1t is to be appreciated
that the register 235 may be omitted in some implementations.

In certain aspects, the aging pattern is specified by a sequence of N bits. In these aspects,
cach hit in the sequence corresponds to one of the N consecutive idle periods and each bit
indicates whether the input 212 of the signal path 210 is parked high or low during the
corresponding onc of the N consecutive idle periods. For exaraplce, a bit value of one may
indicate that that the input 212 of the signal path 210 s parked high during the
corresponding idle period and a bit valoe of zero may indicate that the input 212 of the
signal path 210 is parked low during the corresponding idle periods, or vice versa. For
example, an aging pattern given by the bit sequence 11100004 may indicate that the input
212 1s parked high for three of § consecutive dle periods and parked low for five of the
3 consecutive idle pertods.

Inn certain aspects, the controlier 230 may control aging based on the sequence of N bits
hy setting the logic state (i.c., logic value) of the aging control signal based on the
sequence of N bits, where each bit in the sequence corresponds to a respective one of N
consecutive idle periods. For each of the N idle periods, the controller 230 may set the
aging control signal high if the corresponding bit in the sequence bas a first logic value
and set the aging control signal fow if the corresponding bit in the sequence has a sceond
logic value. The first logic value may be one and the second logic value may be rero, or
ViCe versa.

The controller 230 may store the sequence of N {e.g., 8) bifs specifying the aging pattern
in the register 235, In one exarople, the register 235 may include 2 circular shift register
configured to output one of the hits in the sequence at atime. In this regard, FIG. 4 shows
an example in which the register 235 includes a circular shift register 410 according to
certain aspects. In this example, the circular shift register 410 includes storage slots 415-
1 10 415-N (also reforred 1o as storage spaces), where each of the storage slots 415-1 1o
415-N may hold one bit of the sequence of N hits. The circolar shift register 410 has an
input 412 and an output 414, The input 412 15 used to conwrol the shifting of bits in the
civcular shift register 4190, as discussed further below. The output 414 is coupled to the
first output 234 of the controller 230 and is configured to output the bit in storage slot

415-N.
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[6065] In this example, the controller 230 also inchides a conirol circuit 420. The control circuit
420 has an input 422, a first output 424, and a second output 426. The input 422 is coupled
o the input 232 of the controller 230 and is configured to veceive the indicator signal
discussed above. The first output 424 is coupled o the input 412 of the circular shift
register 410 and s used by the control circuit 420 to shift the bits in the circular shift
vegister 410, as discussed further below. The second output 426 is coupled to the second
cutput 236 of the controlier 230 and is used by the control circuit 420 to control the input
selection of the multiplexer 220.

[8066] In operation, the control circuit 420 is configured to instruct the multiplexer 220 to select
the second input 224 in the idle mode via the second output 426 (e.g., when an idle signal
indicating an idle period is received at the mnput 422}, For the example in which the
multiplexer 220 selects the second input 224 when the second logic value is input to the
sclect input 226, the control circuit 420 may tnstruct the roukiplexer 220 to sclect the
second input 224 by outputting the second logic value to the sclect tnput 223 via the
second output 426. The control circuit 420 may be configured to instruct the mmltiplexer
220 to select the fust input 222 in the active mode via the secound output 426

[067] In the idle mode, the control circuit 420 may be configured to shift the bits in the circular
shift register 410 by one bit position for each idle period via the first output 424 such that
the circular shift register 410 outpuis each bit in the sequence of N bits once every N idle
periods. For example, the control circuit 420 may shift the bits in the circular shift register
410 by one bit position each time the indicator signal indicates the idle mode.  For cach
shift, the bit in each storage slot 415-1 to 415-N may be shifted up to the next storage slot
415-1 to 415-N in the circular shift register 410, For example, in one shift, the bif in
storage slot 415-1 may be shifted up to storage slot 415-2, and the bit in storage slot 415-
N may be shifted back to storage slot 415-1 {as indicated by the arrow looping back from
storage slot 415-N to storage slot 415-1).

{0068] Thus, in this cxample, the bits in the circular shift register 410 are shifted by one bit
position for each wdle period such that the circular shift register 410 cycles through the
sequence of N bits once every N idle periods. In this exarople, the input 212 of the signal
path 210 may be parked high when the circular shift register 410 outputs a first bit valoe
and the input 212 of the signal path 210 may be parked low when the circular shift register
410 outputs a second bit value., The first bit value may be one and the sccond bit value

may be IEro, Or v ice versa.
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[0069] Thus, the aging conirol by the controlier 230 can be configured (e.g., programmed), for
example, by programming the bits in the sequence of N bits accordingly. In some use
cases, the signal path 210 may experience asymmetric aging in the active mode. In these
usc cases, the aging pattern may be programmed to compensate for the asymmetric aging
of the signal path 210 in the active mode, and therefore mitigate duty-cycle shift caused
by the asymmetric aging in the active mode. For example, if the input 212 of the signal
path 210 1s high for a longer duration in the active mode than low in the active mode, then
the aging pattern may be prograramed such that the controller 230 parks the input 212 of
the signal path 210 low for more idle periods than high in order to compensate for the
asymimetric aging in the active mode. Stmiarly, if the input 212 of the signal path 210 is
low for a longer duration in the active mode than high in the active mode, then the aging
pattern raay be programmed such that the controlier 230 parks the input 212 of the signal
path 210 high for more idle periods than low in order to compensate for the asynunetric
aging in the active mode. In this example, the duration that the inpuot 212 of the signal
path 210 is high and low in the active mode may be determined, for cxample, by running
a simulation of the systern 205 inthe active mode. This information may also be obtained
by monitoring the logic state at the input 212 of the signal path 210 in the active mode
and determining the duration that the input 212 of the signal path 210 is high and low in
the active mode based on the monitored logic staie. After this information is obtained,
the aging pattern may be programmed accordingly to compensate for asymmetric aging
in the active mode.

16070] FIG. 5A shows an example of a system 505 including the signal path 210, the multiplexer
220, and the controller 230 discussed above. The system 505 also includes a driver 510
and a pad 5320. The driver 310 has an input 512 and an ouiput 514, The input 512 of the
driver 510 is coupled to the output 214 of the signal path 2180, and the output 514 of the
driver 510 1s coupled to the pad 528. In certain aspects, the signal path 218, the
multiplexer 220, the driver 310, and the pad 520 may be integrated on a chip (i.e., die}
and the pad 520 may be coupled to another chip via a metal line {¢.g., formed on a printed
circuit board (PCB)Y).

16071 The driver $10 may be configured to receive the signal from the signal path 210 in the
active mode and drive the pad 520 (and hence the metal line) based on the received signal.
For example, the driver 510 may be configured fo drive the pad 520 high when the
recetved signal is high and drive the pad 520 low when the rveceived signal is low.

Alternately, the driver 510 may be configurad to drive the pad 520 low when the received
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signaf is high and drive the pad 520 high when the received signal is low. The driver 510
may be implemented with a poll-op transistor for driving the pad 520 high and a pull-
down transistor for driving the pad 320 low.
In one example, the metal line (not shown) may be coupled between the pad 520 and
another chip (not showsn). In this example, the driver 510 may be configured to transmit
the signal to the other chip via the metal line by driving the pad 520 (and hence metal
ling) based on the signal. In this example, the signal path 210 and the driver 510 may be
located in a transmit path of the system 505, As discussed above, the signal may be a
data signal, a clock signal, a control signal, an address signal, or another type of signal.
In the example in FIG. SA, the logic state at the output 214 of the signal path 210 may
wggle between high and low over multiple idle periods. This is because the controller
230 may alternatively park the input 212 of the signal path 210 high and low to halance
aging, as discussed shove. In some use cases, i is desirable for the input 512 of the driver
S10 and/or the pad 5320 w be low (i.e., logic 7ero} in the idle mode. For example, a
specification may require that the pad 520 be low in the idle mode so that a transmission
line (not shown} coupled to the pad 520 is held low in the 1dlc mode. In these cases, a
clock gating circuit 544 {also veferved 1o as a clock gating cell) may be coupled between
the output 214 of the signal path 210 and the input 512 of the driver 510 to isolate the
driver 510 and the pad 520 from the toggling between low and high at the output 214 of
the signal path 210 in the idle mode, an example of which is shown in FIG. 5B.
In the example shown in FIG. 5B, the clock gating circuit 540 has a signal input 542
coupled to the output 214 of the signal path 210, an output 546 coupled to the wnput 512
of the driver 510, and a control input 544 coupled to a third output 530 of the controlier
230. In this example, the controller 23¢ may be configured 10 selectively gate or un-gate
the clock gating circuit 540 via the third output 530. For exarnpie, the clock gating circuit
540 may be configured to gate when a fivst logic value is input to the control input 544
and un-gate when a sccond logic valuce is inpui to the control input 544. In this example,
the controller 230 may gate the clock gating circuit 540 by outputting the first logic value
to the control input 544 of the clock gating circuit 540, and un-gate the clock gating circuit
540 by outputting the second logic value to the control input 544 of the clock gating circuit
544. In this example, the first logic value may be one and the second logic value may be
zero, or vice versa. In this example, the clock gating circuit 540 may be configured to

park the output 346 low when the clock gating circuit 540 is gated.
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[6075] In this example, the controller 230 may be configured to un-gate the clock gating circuit
544 in the active mode and gate the clock gating civcuit 540 in the idle mode {e.g., when
the controller 230 recetves the indicator signal indicating the idle mode at the input 232).
In this example, the clock gating circuit 540 parks the output 546 low in the idle mode,
which isolates the driver 510 and the pad 520 from the toggling between fow and high at
the output 214 of the signal path 210 in the idle mode.

16076] It is to be appreciated that the present disclosure is not limited to the example shown in
FIG. 5B. For example, in another example, the clock gating circuit 540 may be coupled
hetween the output 514 of the driver 510 and the pad 520 to isolate the pad 520 from the
toggling in the idle mode. In this example, the controller 230 may gate the clock gating
circuit 540 in the idle mode and un-gate the clock gating civeuit 540 in the active mode,
as discussed above.

[0077] The clock gating circuit 540 may be tropiemented with one or raore logic gates. For
example, FIG. SC shows an example in which the clock gating circuit 540 inchides an
AND gate 570. In this cxample, a first input of the AND gate 570 is coupled to the signal
input 342, a second input of the AND gate 570 is coupled to the control input 544, and
the output of the AND gate 570 is coupled to the output 5346, In this example, the AND
gate 570 un-gates the clock gating circuit 540 when the logic value at the control input
544 is one. The AND gate 570 gates the clock gating circuit 540 and parks the output
346 low when the {ogic value at the control tnput 544 is zero. In one example, the AND
gate 370 may be implemented with a NAND gate and an inverter. It is to be appreciated
that the clock gating civcuit 540 is not limited to the example shown in FIG. 5C, and that
the clock gating curcuit 540 may be implemented with another type of logic gate and/or a
combination of logic gates. It is also to be appreciated that the clock gating cireuit 540
may include additional components {e.g., a latching circuit or synchronizer to prevent
glitching) not shown in FIG. 5C.

{478] In the above example, the clock gating circuit 540 s configured to park the output 546
tow when the clock gating circutt 540 is gated. However, {1 s to be appreciated that the
present disclosure is not Hmited to this example. For example, in some use cases, it may
be desivable for the nput 512 of the driver 510 and/or the pad 320 to be high (i.e., logic
one) in the idie mode. In these cases, the clock gating circuit 340 is configured to park
the output 546 high when the clock gating circuit 540 is gated. In these cases, the clock

gating circuit 540 may be implemented with an OR gate or a combination of logic gates.
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FIG. 6 shows an example of a system 605 including the signal path 210, the multiplexer
220, and the controller 230 discussed above. The system 605 also inchides a latching
circuit 610 {e.g., flip-flop) having a signal input 612, a clock input 614, and an output
616. The signal input 612 is coupied to the output 214 of the signal path 2108, In this
cxample, the signal in the active mode may be a data signal, a control signal, or an address
signal.
In the active mode, the latching circuit 610 is configured to receive the signal from the
signal path 210 at the signal input 612 and receive a clock signal (labeled “CIK”) at the
clock mput 614, The latching civcuit 610 is configured to latch (i.c., capture) a logic value
of the signal on an edge of the clock signal and ocutput the latched logic valoe at the ootput
616. The output 616 may be coupled to a circuit configured to receive the latched logic
value. The circuit may include another latching circuit, a processor, a data buffer, cte.
The edge of the clock signal used to latch the fogic value may be arising edge or a falling
edge.
FIG. 7 shows an example of a system 705 including the signal path 210, the multiplexer
220, the controller 230, and the latching civcuit 610 discussed above. The system 705
also includes a pad 720, and a receiver 710. The receiver 710 has an input 712 and an
output 714. The input 712 of the receiver 710 is coupled to the pad 720 and the output
714 of the receiver 710 is coupled to the first input 222 of the multiplexer 220. In certain
aspects, the pad 720, the recetver 7140, the multiplexer 220, the signal path 210, and the
tatching circuit 610 moay be integrated on a chip (i.e., die) and the pad 720 may be coupled
to another chip via a metal line {e.g., formed on a printed circait board (PCB)).
The receiver 710 may be configured to receive the signal from the other chip (not shown}
via the pad 720. The receiver 710 may amplify the received signal andfor perform
equalization on the received signal {e.g., to compensate for signal attenuation in the metal
line). The receiver 718 outputs the received signal to the first input 222 of the multiplexer
220, In this example, the receiver 716 and the signal path 210 may be located in a receive
path of the system 705, In this example, the signal may be a data signal {c.g., transmitted
by the other chip to the pad 720 via the metal line}.
FIG. 8 shows an example of a system: 805 including the signal path 218, the multiplexer
220, and the controller 230 discussed above. The system 805 also includes a latching
civeuit §10 (e.g., flip-flop) having a signal input 812, a clock input 814, and an oufput
816. The clock input 814 is coupled to the output 214 of the signal path 210. In this

cxamypile, the signal in the active mode is a clock signal.
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In the active mode, the latching circuit 810 s configured to receive a data signal at the
signal input 812 and receive the clock signal from the signal path 210 at the clock input
814. The latching circuit 810 is contigured to latch (ie., capture) a logic value of the data
signal on an edge of the clock signal and output the latched logic value at the output 816.
The output 816 may be coupled to a circuit configured to receive the latched logic value.
The circuit may include another latching circuit, a processor, a data buffer, etc. The edge
of the clock signal used to latch the logic value may be a rising edge or a falling edge. In
this example, the signal path 210 may be configured to delay the clock signal to adjust
the timing of the clock signal {(c.g., center the edge of the clock signal between transitions
of the data signal).

In the example shown in FIG. 8, the system 805 also includes a clock source 820
configured to output the clock signal at output 822, which is coupled to the first input 222
of the multiplexer 220. The clock source 820 may inchude a phase locked loop (PLL) or
another type of clock generator. The clock source 820 may be integrated on the same
chip as the multiplexer 220 or may be located on a separate chip.

Although the signal input 1o the signal input 812 of the latching civenit 810 is a data signal
in the example discussed above, itis to be appreciated that the signal may also be a control
signal or an address signal. For example, the latching circuit 81 may be used for latching
command bits or address hits,

Fi(G. 9A shows an exaropie of a systera 905 including the signal path 210, the multiplexer
220, the controller 230, and the latching circoit 810 discussed above. The system 905
also includes asecond multiplexer 920, a second signal path 910, a pad 940, and a receiver
930. In the discussion of FIG. 9A below, the signal path 210 s referred fo as the first
signal path and the multiplexer 220 18 veferved 1o as the first muktiplexer.

The second signal path 910 bas an input 912 and an ocutput %14, in which the ocutput 914
is coupled to the signal input §12 of the latching civenit 810, The second signal path 910
may be configured to delay the data signal, the control signal, or the address signal
discussed above with reference to FIG. 8.

The second multiplexer 920 has a first input 922, a second input 924, a select input 926,
and an output 928, The output 92§ of the second multiplexer 920 is coupled to the input
912 of the second signal path 910, The sccond nwltiplexer 920 is configured to
selectively couple the first input 922 or the second input 924 to the output 928 based on
a select signal received at the select input 926. For example, the second multiplexer 920

may couple the first input 922 to the output 928 (i.e., select the first input 922) when the
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select signal has the first logic value, and couple the second input 924 to the output 928
{i.e., select the second input 924) when the select signal has the second logic value. In
the example shown in FIG. 9A, the second input 924 is coupled to the first output 234 of
the controller 230, and therefore receives the aging control signal output from the
controller 236, The select mput 926 is coupled to the sccond output 236 of the controller
230, and therefore receives the select signal output from the controller 2338, Thus, in this
example, the controller 230 controls the aging of the first signal path 210 and the aging
of the second signal path 910, In this example, the idle periods of the first signal path 210
and the second signal path 210 may be the same. However, i s 10 be appreciated that
this need not be the case, as discussed further below with reference to FIG. 9B.

{0098] The receiver 930 has an input 832 and an outpat 934, The input 932 of the receiver 930
is coupled to the pad 940 and the ouvtput 934 of the receiver 930 is coupled to the first
mput 922 of the second multiplexer 920. In certain aspects, the pad 940, the receiver 934,
the first multiplexer 220, the second rultiplexer 920, the first signal path 210, the second
signal path 910, and the latching circuit 810 may be integrated on a chip (... dic) and the
pad 940 may be coupled to another chip via a roetal line (e.g., formed on a printed circuit
board (PCB)).

[0091] The receiver 930 be configured to receive the signal {e.g., data signal, the control signal,
or the address signal} from the other chip (not shown) via the pad 940. The receiver 930
may amplify the received signal and/or perform equalization on the received signal (e.g.,
to compensate for signal attenuation in the metal line). The receiver 930 outputs the
veceived signal to the first input 922 of the second multiplexer 920. In this example, the
receiver 930 and the signal path 910 may be located in a receive path of the system 905,

[6092] As discussed above, in this example, the controller 230 controls aging of the first signal
path 210 and the aging of the second signal path 910. In the active mode, the controller
230 instructs the first multiplexer 220 to select the respective fivst input 222 and the
second multiplexer 920 to select the respective first input 922, In the idle mode, the
controfler 230 instructs the fivst multiplexer 220 o select the respective second input 224
and the second multiplexer 920 o select the respective second input 924, The controller
230 then controls aging of the {ivst signal path 210 and the second signal path 810 using
the aging control signal (e.g., using any of the techniques discussed above with reference
to FIG. ). For example, the controller 230 moay altemately park the input 2172 of the first
signal path 210 low and high over multiple idle periods and alternately park the input 912

of the second signal path 910 low and high over multiple idle periods. In another example,
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the controller 230 may control the aging of the first signal path 214 and the second signal
path 910 based on an aging pattern (e.g., sequence of N bigs), as discussed above.

{8093] FIG. 9B shows an example in which the controller 230 may independently control aging
of the first signal path 210 and the aging of the second signal path 910 according to certain
aspects. In this example, the controller 230 has a second input 932, a third output 944,
and 4 fourth outpuot 946, which are used to control the aging of the second signal path 910.
In the discussion of FIG. 9B below, the input 232 is referred to as the figst input.

16094] In this example, the third output 944 is coupied to the second input 924 of the second
muliiplexer 920 and the fourth output 946 is coupled to the sefect input 926 of the second
mudtiplexer 920, The first input 232 s configured to receive a first indicator signal
indicating the idle periods of the fivst signal path 210, and the second input 942 is
configured to receive a second indicator signal indicating the idic periods of the second
signal path 910. The idle periods of the first signal path 210 and idle period of the second
signal path 810 may overlap in tipe. In this example, the controller 230 is configured to
output a first aging control signal at the first output 234 to control aging of the first signal
path 210 and output a sccond aging control signal at the third output 944 to control aging
of the second signal path 910.

{0095] Exemplary operations of the controller 230 will now be discassed according to certain
aspects. In the active mode of the first signal path 210, the controlier 230 instructs the
first multiplexer 220 to sclect the first input 222 via the second ocutput 236, As a result,
the first moltiplexer 220 passes the clock signal received at the first input 222 to the first
signal path 21{.

16096} In the idle mode of the first signal path 210, the controller 230 instructs the first
multiplexer 220 1o select the sccond input 224, As a result, the nultiplexer 220 couples
the first aging conirol signal output from the first output 234 of the controller 230 1o the
second input 224 of the multiplexer 220. This allows the controlier 230 to connol the
aging of the first signal path 210 in the idle mode using the first aging control signal, as
discussed above with reference to FIG. 2. In this examople, the controller 230 determines
that the first signal path 210 is idle when the first indicator signal is recetved at the first
tnput 232 indicating that the first signal path 210 is in the idle mode.

[0097] In the active mode of the second signal path 910, the controlier 230 instructs the second
muliiplexer 920 to select the first mput 922 via the fourth ouiput 846, As a result, the
second multplexer 920 passes the signal {e.g.. data signal, control signal, or address

signal) received af the first input 922 to the second signal path 916,
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[0098] In the wdle mode of the second signal path 910, the controller 230 instructs the second
multiplexer 920 to select the second input 924, As a result, the second multiplexer 920
couples the second aging control signal output from the third output 944 of the controller
230 to the second input 924 of the second signal path 810, This allows the controller 230
to control the aging of the second signal path 910 in the idle mode of the second signal
path using the second aging control signal {e.g., using any one of the techniques discussed
above with reference to FIG. 2). For exampile, the controller 23( may alternately park the
input 912 of the second signal path 910 low and high over multiple idle periods of the
second signal path 910, In another example, the coniroller 230 may control the aging of
the sccond signal path 910 based on an aging pattern {c.g.. sequence of N hits}, as
discussed above. In this example, the controller 230 determines that the second signal
path 919 is idle when the second indicator signal is received af the second input 942
mdicating that the second signal path 910 is in the idle mode. For example, the second
signal path 910 may be in the idle mode when the receiver 930 is pot receiving incoming
data traffic for the example of a data signal.

[0099] FIG. 10 shows a systern 1005 with aging raitigation according to certain aspects of the
present disclosure. In this example, the system includes a signal path 1040, a latching
circuit 1010 {e.g., flip-flop). and a controller 1030

{8186] The signal path 1040 has an input 1042 and an output 1044, The input 1042 may be
configured to receive a signal in the active mode. The signal may be a data signal, a
control signal, an address signal, or another type of signal. The signal path 1040 may
include a delay circuit {e.g., delay circuit 115} for delaying the signal. For example, the
delay circuit may be configured to delay the signal to adjust the timing of the signal
relative to another signal, as discussed further below. It is to be appreciated that the signal
path 1040 may mclode one or more other circuits instead of or in addition to the delay
circuit. The one or more other civeuits may include one or more logic gates, a sequential
Ingic circuit, etc. The output 1044 of the signal path 1040 may be coupled o a sequential
logic circuit, a driver, a pad, or another circuit, as discussed further below.

[8161] The latching circuit 1010 has a signal input 1012, a clock input 1014, a set input 1016, a
veset input 1018, and an output 10280, The cutput 1020 of the latching circuit 1010 1s
coupled to the tnput 1042 of the signal path 1040, The signal input 1012 is configured to
receive a signal {(e.g., a data signal, a confrol signal, or an address signal}, and the clock
input 1014 1s configured to receive a clock signal (labeled “CIK”). The latching cireuit

1810 is configured to latch (i.c., capture) a logic value of the signal on an edge of the
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clock signal and output the latched logic value at the output 1020. For the example where
the signal in the active mode is a data signal, the signal input 1012 may be referred to as
a data input.

{8162] The latching circuit 10310 is configured to set when the set input 1016 is asserted {e.g., a
logic one is input fo the set input 1016 When the set input 1016 is asserted, the output
1020 of the latching circuit 1010 1 high (i.e., logic ong). The latching circuit 1010 is
configured fo reset when the veset input 1018 is asserted {(e.g., a logic one is input to the
reset input 1018). When the reset input 1018 is asserted, the output 1020 of the latching
civeuit 1016 is low (e, logic zero).

{8183} The controller 1030 has aninput 1032, a first output 1034, and a second output 1036. The
input 1032 may be contigured to receive an indicator signal that indicates to the controller
1030 when the signal path 1040 is in idle mode. For the example where the signal input
to the signal path 1040 is a data signal, the signal path 1040 may cnter the idle mode when
there is no incoming data waffic to the signal path 1040. In this example, the indicator
signal may be gencrated by a circuit (not shown) that controls (¢.g., manages) data tratfic
in the system 1003, The first cutput 1034 of the controller 1030 is coupled to the set input
1616 of the latching circuit 1010 and the second output 1036 of the controller is coupled
o the reset input 1018 of the latching civenit 1010, As discussed further below, the
controller 1030 uses the set input 1016 and the reset input 1018 of the latching cucuit
1010 to control whether the input 1042 of the signal path 1040 (which is coupled o the
cutput 1020 of the latching circuit 1010) is parked high or low in the idle mode.

16184} In the active mode {also referred to as functional mode), the controlier 1030 de-asserts
the set input 1016 and the reset input 1818 of the latching circuit 1010 {e.g., inputs a logic
zero to both the set input 1016 and the reset input 10183, In this case, the latching circuit
1010 tatches logic values of the signal {e.g., data signal, control signal, ov address signal}
on edges of the clock signal and cutputs the latched logic values to the signal path 1040.

{8165] In the idle mode, the controller 1030 controls aging of the signal path 1040 using the set
mput 1016 and reset mput 1018 of the latching civcuit 1610, The controlier 1030 may
determine that the signal path 1040 s in the idle ynode when the input 1032 of the
controller 1030 receives the indicator signal indicating the idle mode. In this example,
the controller 1030 may park the input 1042 of the signal path 1040 high by asserting the
set input 1016 (c.g., inputting a logic one to the set input 1016). The controller 1030 may

park the input 1042 of the signal path 1040 low by asserting the reset input 1018 {e.g.,
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inputting a logic one to the reset input 1018). Note that one of the setinput 1816 and the
reset input 1018 s asserted at a time n this example.
In the idle mode, the controller 1030 may control aging of the signal path 1040 using any
of the techniques discussed above with reference to FIG. 2. For example, the controller
1030 may alternately park the input 1042 of the signal path 1040 low and high over
multiple idle periods by alternately asserting the set input 1016 and the reset input 1013
of the latching circuit 1010 over the multiple idle periods. For example, the controller
1030 may park the input 1042 low during odd idie periods and park the input 1042 high
during cven idle periods, or vice versa. In this example, the controller 1030 may assert
the reset input 1018 during the odd idle pertods and assert the set input 1016 during the
even idle periods, or assert the set input 1016 during the odd idle pericds and assert the
reset input 1018 during the even idle periods.
In another example, the controlier 1030 may control the aging of the signal path 1040
based on an aging pattern, as discussed above. For example, the aging pattern may be
repeated for cach N consecutive idle periods, where N is an integer. For cach N
consecutive idle periods, the aging pattern may indicate a number k of the N counsecutive
idle periods in which the input 1042 of the signal path 1040 is parked high and a number
{i.e., N-k) of the N consecutive idle periods in which the input 1042 of the signal path
1040 is parked low. For example, if N equals &, then the aging pattern is repeated for
each 8 consecutive idle periods. In this aspect, the controller 1030 may conirol aging
based on the aging pattern by asserting the set input 1016 for k of the N consecutive idle
periods and asserting the reset input 1018 for N-k of the N consecutive idle periods. N
1ay be an integer greater than one, kK may be an infeger equal to or greater than one, and
N may be greater than k. In one example, k and N may be stored as parameters in a
register 1035 in the controller 1030, In this exarople, k and N may be programumable by
writing the values for k and N in the register 1035, It is to be appreciated that the register
1935 may be omitted in some implementations.
In certain aspects, the aging pattern is specified by a sequence of N bits. In these aspects,
cach hit in the sequence corresponds to one of the N consecutive idle periods and each bit
indicates whether the input 1042 of the signal path 1040 is parked high or low duaring the
corresponding one of the N counsecutive idle periods. For exarmple, a bit value of one may
indicate that that the input 1042 of the signal path 1040 is parked high during the
corresponding idle period and a bit valoe of zero may indicate that the input 1042 of the

signal path 1040 is parked low during the corresponding idle periods, or vice versa. For
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example, an aging pattern given by the bit sequence 11100000 may indicate that the input
1042 is parked high for three of 8 consecutive idle periods and parked low for five of the
& consecutive idle periods.
In certain aspects, the controlier 1030 may control aging based on the sequence of N bits
by controlling the set input 1016 and reset input 1018 based on the sequence of N bits,
where each bhit in the sequence corresponds to a respective one of N consecutive idle
periods. For each of the N idle periods, the controlier 230 may assert the sef input 1016
to park the input 1042 high if the corresponding bit in the sequence has a first logic value
and assext the reset input 1018 to park the jnput 1042 low i the corresponding bit in the
sequence has a second logic value. The first logic value may be one and the second logic
value may be zero, or vice versa.
Fi(5. 11 A shows an example of a system 1103 including the signal path 1040, the latching
circuit 1010, and the controller 1030 discussed above. The system 1105 also includes a
driver 1110 and a pad 1120. The driver 1110 has an input 1112 and anoutput 1114, The
input 1112 of the driver 1110 is coupled to the output 1044 of the signal path 1044, and
the output 1114 of the driver 1110 is coupled to the pad 1120, In certain aspects, the
signal path 1040, the latching cireuit 1010, the driver 1110, and the pad 1120 may be
integrated on a chip (L.e., die} and the pad 1120 may be coupled to another chip via a
metal line {c.g., formed on a printed circuit board (PCB Y.
The driver 1110 may be configured to reccive the signal from the signal path 1040 in the
active mode and drive the pad 1120 (and hence the metal line) based on the received
signal. For example, the driver 1110 may be configured to drive the pad 1120 high when
the received signal is high and drive the pad 1120 low when the recetved signal is low.
Alternately, the driver 1110 may be configured to drive the pad 1120 low when the
received signal 1s high and drive the pad 1120 high when the received signal is low. The
driver 11180 may be implemented with a pull-up wansistor for driving the pad 1120 lugh
and a pull-down transistor for driving the pad 1120 low.
In the example in FIG. 11 A, the logic state at the output 1044 of the signal path 1040 may
toggle between high and low over multiple idle periods. This is because the controller
1030 may alternatively park the input 1042 of the signal path 1040 high and low to
halance aging, as discussed above. In some use cases, if is desirable for the input 1112 of
the driver 1110 and/or the pad 1120 to be low (i.e., logic zero) in the e mode. For
example, a specification may require that the pad 1120 be low in the idle mode so that a

transmission line (not shown) coupled to the pad 1120 is held low in the idle mode. In
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these cases, a clock gating circuit 1140 {also referred to as a clock gating cell) may be

i

coupled between the output 1044 of the signal path 1040 and the input 1112 of the driver
1110 to isolate the driver 1110 and the pad 1120 from the toggling between low and high
at the output 1044 of the signal path 1040 in the idle mode, an example of which is shown
m FiG. 118,

[8113] In the example shown i FIG. 11B, the clock gating civeuit 1140 has a signal input 1142
coupled to the output 1044 of the signal path 1040, an output 1146 coupled to the input
1112 of the driver 1119, and a conirol input 1144 coupled to a third cutput 1130 of the
controller 1030, In this example, the controlier 1030 may be configured to sclectively
gate or un-gate the clock gating circuit 1140 via the third ootput 1130, For example, the
clock gating circuit 1140 may be configured to gate when a first logic value is input to
the confrol input 1144 and un-gate when a second logic value is input o the control input
1344, In this example, the controller 1030 may gate the clock gating cirenit 1140 by
outputiing the first logic value to the control inpot 1144 of the clock gatung circuit 1140,
and un-gate the clock gating circuit 1140 by outputting the second logic value to the
control input 1144 of the clock gating circuit 1140, In this example, the first logic value
may be one and the second logic value may be yero, or vice versa. In this example, the
clock gating circuit 1140 may be configured to park the output 1146 low when the clock
gating circuit 1146 is gated.

10114} In this example, the coniroller 1030 may be configured to un-gate the clock gating circuit
1140 in the active mode and gate the clock gating circuit 1140 in the idle mode {c.g.,
when the controller 1030 receives the indicator signal indicating the idle mode at the input
1632}, In this example, the clock gating circunit 1140 parks the output 1146 low in the
idle mode, which isolates the driver 1110 and the pad 1120 from the toggling between
fow and high at the ootput 1044 of the signal path 1040 in the idle mode.

{8115] It is to be appreciated that the present disclosure is not limited to the example shown in
Fi(5. 11B. For cxample, in another example, the clock gating circuit 1140 may be coupled
between the output 1114 of the driver 1110 and the pad 1120 to isolate the pad 1120 from
the toggling in the idle mode. In this example, the controller 1030 may gate the clock
gating circuit 1144 in the idle mode and un-gate the clock gating circuit 1140 in the active
mode, as discussed above.

[6116] In the above example, the clock gating circuit 1140 is configured to park the output 1146
low when the clock gating civeunit 1140 is gated. However, it is to be appreciated that the

present disclosure is not Hmited to this example. For example, in some yse cases, it may
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be desirable for the input 1112 of the driver 1110 and/or the pad 1120 to be high (ie.,

logic one) in the idie moode. In these cases, the clock gating circuit 1140 is configured to
park the output 1146 high when the clock gating circuit 1140 is gated.

{8117] FiG. 12 shows an examaple of a system 1205 in which the exemplary system 205 shown
m FIG. 2 is combined with the exemplary system 1005 shown in FIG. 10 according to
certain aspects. In the discussion of FIG. 12 below, the signal path 210 is referved to as
the first signal path, the signal path 1040 is referred to as the second signal path, the
controller 230 is referred to as the first controller, and the controller 1030 is referved to as
the second controller.

[8118] In this example, the output 214 of the first signal path 210 is coupled to the clock input
1014 of the latching civcuit 1010, Thus, in this example, the clock signal used to clock
the latching circuit 1010 propagates through the first signal path 218, The first controller
230 controls aging of the first signal path 210 in the idle mode of the first signal path 210,
as discussed above with reference o FIG. 2. The second controlier 1030 controls aging
of the second signal path 1040 in the idle mode of the second signal path 1040, as
discussed above with reference to FIG. 10, The output 1044 of the second signal path
1040 may be coupled to a driver {e.g., the driver 1110}, a sequential logic cucuit {e.g.,
flip-flop), a processor, or another type of circuit.

{8119] FiG. 13 shows an cxample of a system 1305 including the signal path 1040 and the
controfler 1030 discussed above. The system 1305 also includes a single data rate (SDR)
to double data rate (DDR) converter 1310 according to aspects of the present disclosure.
The SDR to DDR converter 1310 includes a first latching civeuit 1320, a second latching
circuit 1340, and a muitiplexer 1360, The SDR to DDR converter 1310 has a first input
1312, a second input 1314, and an output 1316, The fust input 1312 is configured to
recetve a first data signal, and the second input 1314 is configured to receive a second
data signal. The first data signal may inclode odd data bits and the second data signal
may include even data bits, or vice versa. The first data signal and the second data signal
may cach include one data bit per period of a clock signal (labeled “CIK™). Thus, in this
cxample, cach of the first data signal and the second data signal transimits data at a single
data rate {i.e., one bit per period of the clock signal). The output 1316 of the SDR to
DDR converter 1310 is coupled to the input 1042 of the signal path 1040.

[0128] The first latching circuit 1320 bas a signal input 1322, a clock fnput 1324, a set input
1326, a reset input 1328, and an output 1338, The signal input 1322 is coupled to the first

input 1312 of the SDR to DDR converter 1310, and the clock input 1324 is configured to
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receive the clock signal.  The first latching circuit 1320 s configured to latch (ic.,
capture) a logic value of the first data signal on arising edge of the clock signal and ootput
the latched logic value at the output 1330, Thus, in this example, the first latching cireuit
1320 is a rising-edge triggered latching circuit {alse referred fo as a positive-edge
triggered latching civcuit).
The first latching circuit 1320 is configured to set when the set input 1326 is asserte
(e.g., a logic one is input to the set input 1326). When the set input 1326 is asserted, the
output 1330 is high (i.e., logic one). The first laiching circuit 1320 is configured to reset
when the reset input 1328 is asserted (e.g., a logic one s input to the reset input 1328).
When the reset input 1328 is asserted, the output 1330 is low (i.e., logic zero).
The second latching circuit 1340 has a signal input 1342, a clock input 1344, a set input
1346, a reset input 1348, and an output 1350, The signal tnput 1342 is coupled to the
sccond input 1314 of the SDR to DDR converter 1310, and the clock input 1344 i
configured to receive the clock signal. The second latching circuit 1340 is configured to
latch (i.c., capture) a logic value of the sccond data signal on a falling edge of the clock
signal and output the latched logic value at the output 1350, Thus, in this example, the
second latching circuit 1340 is a falling-edge triggered latching circuit (also referved to
as a negative-edge triggered latching circuit).
The second latching circuit 1340 is contfigured to sef when the set input 1346 is asserted
{e.g., a logic one is input fo the set input 1344). When the set input 1346 is asserted, the
cutput 1350 i high (i.e., logic one). The second latching circuit 1340 is configured to
reset when the reset input 1348 is asserted {e.g.. a logic one i3 input to the reset input
1348). When the reset input 1348 is asserted, the output 1350 is low (i.e., logic zero).
The multiplexer 1360 has a first input 1362, a second input 1364, a select tnput 1366, and
an ovtput 1368, The first wnput 1362 s coupled to the output 1330 of the first latching
circuit 1328, the second input 1364 is coupled to the output 1350 of the second latching
circuit 1344, the select input 1366 is configured to receive the clock signal, and the output
1368 is coupled to the output 1316 of the SDR to DDR converter 1310
The multiplexer 1360 is configired to couple the output 1330 of the first latching circuit
1320 to the output 1368 when the clock signal is high. and to couple the output 1350 of
the second latching circuit 1340 to the output 1368 when the clock signal is low. Thus,
for each period of the clock signal, the multiplexer 1360 outpuis a latched data bit {e.g.,
odd data bit) from the output 1330 of the first latching civenit 1320 during a portion of the

period when the clock signal is high, and outputs a latched data bit {e.g., cven data bit)
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from the output 1350 of the second latching circuit 13490 during a portion of the period
when the clock signal is low. Thus, the roultiplexer 1360 outputs two data bits per period
of the clock signal at the output 1316, and therefore outputs data bits at a double data rate
at the output 1316,

18126] Since the output 1316 of the SDR to DDR converter 1310 is coupled to the input 1042 of
the signal path 1040, the SDR to DDR converter 1310 outputs data bits at double data
vate to the signal path 1040. The ocutput 1044 of the signal path 1040 may be coupled to
a driver {e.g., the driver 1118}, a sequential logic circuit {e.g., flip-flop), 2 processor, or
another type of circuit.

[8127] In this example, the first output 1034 of the controller 1030 is coupled to the set input
1326 of the first latching circuit 1320 and the set input 1346 of the second latching circuit
1340, The second output 1036 of the controller 1030 is coupled to the reset input 1328
of the first latching cireuit 1320 and the reset input 1348 of the second latching cucuit
1340.

[6128] In the active mode (also referred to as functional mode), the controlier 1030 de-asserts
the set input 1326 and the reset input 1328 of the first latching cireuit 1320 (e.g., inputs a
logic zero to both the setinput 1326 and the reset input 1328), and de-asserts the set input
1346 and the reset input 1348 of the second latching circuit 1340 (e.g., inputs a logic zero
o both the set input 1346 and the reset input 1348). In this case, the first latching circuit
1320 latches logic values (i.e., data bits) of the first data signal on rising edges of the
clock signal and outputs the latched logic values to the fivst inpot 1362 of the multiplexer
1360, and the second latching circuit 1340 latches logic values {(i.e., data bits) of the
second data signal on falling cdges of the clock signal and outputs the latched logic values
to the second tnput 1364 of the puiltiplexer 1360

{8129} Inthe idle mode, the controller 1030 controls aging of the signal path 1040, The controller
1030 may determine that the signal path 1040 is in the idle mode when the input 1032 of
the controller 1030 receives the indicator signal indicating the idle mode. In this example,
the controtler 1030 may park the tnput 1042 of the signal path 1040 high by asserting the
set input 1326 of the first latching circuit 1320 and asserting the set input 1346 of the
second latching circuit 1348 (e.g., by outputting a logic one at the first output 1034). The
controtler 1030 may park the input 1042 of the signal path 1040 low by asserting the reset
input 1328 of the first latching cireult 1320 and asserting the reset input 1348 of the

second latching circuit 1340 (e.g., by outpuiting a logic ong at the second output 1836).
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In the «lle mode, the controller 1030 may control aging of the signal path 1040 using any
of the techniques discussed above with veference to FiG. 2. For example, the controller
1030 may alternately park the input 1042 of the signal path 1040 low and high over
multiple idle pertods. In this example, the controlier 1030 may park the input 1042 low
during odd idle periods and high during even udle periods, or vice versa. In another
cxample, the controller 1030 may control the aging of the signal path 1040 based on an
aging pattern, as discussed above with reference to FIG. 10

Although the SDR to DDR converter 1310 is discussed above using the example of a data
signal, it is to be appreciated that the SDR to DDR converter 1310 may also be used for
a control signal and an addvess signal.

As discussed above, the controller 1030 may control aging based on the sequence of N
bits stored in the register 1035, In one example, the register 1035 may include a circular
shift register configured to output one of the bits in the sequence at a time. In this regard,
FiG. 14 shows an example in which the register 1033 includes a circular shift register
1410 according to certain aspects. In this example, the circular shift register 1410
inchudes storage slots 1415-1 1o 1415-N, where cach of the storage slots 1415-1 to 1415-
N may hold one bit of the sequence of N bits. The circalar shift vegister 1410 has an input
1412 and an output 1414, The nput 1412 1s used to control the shifting of bits in the
circular shift register 1414, as discussed turther below. The output 1414 is configured to
ottput the bit in storage slot 415-N.

In this example, the controller 1030 also includes a first multiplexer 14530, a second
multiplexer 1460, and an inverter 1470, The first multiplexer 1450 has a first input 1452
coupled to the output 1414 of the circular shift register 1410, a second input 1454
configured to receive a logic zero, an output 1458 coupled to the first output 1034 of the
controller 1030, and an select input 1456, The second roualtiplexer 1460 has a first input
1462 coupled to the output 1414 of the circular shift register 1410 via the tnverter 1470,
a second input 1464 configured to receive a logic zero, an output 1468 coupled to the
second output 1036 of the controller 1030, and an select input 1466.

The controller 1030 also inchudes a control circuit 1420, The control circuit 1420 has an
input 1422, a first output 1424, and a second output 1426, The input 1422 is coupled to
the input 1032 of the controller 1030 and s configured to receive the indicator signal
discussed above. The first output 1424 is coupled to the input 1412 of the circular shift
register 1410 and is used by the control circuit 1420 to shift the bits in the circalar shift

vegister 1410, as discussed further below. The second output 146 is coupled to the select
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input 1456 of the first multiplexer 1450 and the select input 1466 of the second
multiplexer 1460.
In operation, the control circuit 1428 1s configured to instruct each of the first multiplexer
1450 and the second multiplexer 1460 to select the respective second input 1454 and 1464
i the active mode via the second output 1426, This causes the first oultipiexer 1450 and
the second multiplexer 1460 to output a 2ero to the set input 1016 and the resetinput 10138
of the latching circuit 1010, which de-asserts both the set input 10316 and the reset input
1018,
In operation, the control circutt 1420 is configured to instruct each of the first multiplexer
1450 and the second multiplexer 1460 to select the respective fivst input 1452 and 1462
int the idle mode via the second output 1426. This couples the set input 1316 to the output
1414 of the circular shift register 1410, and couples the reset input 1018 © the output
1414 of the circular shift register 1410 via the inverter 1470, Thus, the reset input 1018
receives the inverse of the bit output by the circular shuft register 1410 1n this example.
In the idle mode, the control circuit 1420 may be configured to shift the bits in the circular
shift register 410 by one bit position for each dle period via the first output 1424 such
that the circular shift register 410 outputs each bit in the sequence of N bits once every N
idle periods. For example, the control circuit 1428 may shift the bits in the circular shift
register 1410 by one hit position each time the indicator signal indicates the idle mode.
For each shift, the bit in each storage slot 1415-1 to 1415-N may be shifted up to the next
storage slot 1415-1 to 1415-N in the circular shift register 1410, For example, in one
shitft, the bit in storage slot 1415-1 may be shifted up to storage slot 1415-2, and the bit
in storvage slot 415-N may be shifted back to storage slot 1415-1 {as indicated by the arrow
looping back from storage slot 1415-N to storage slot 1415-1).
Thas, in this example, the bits in the circular shift register 1410 are shified by one bit
position for each idle period such that the circular shift register 1410 cycles through the
sequence of N hits once every N idle periods. In this example, the output 1020 of the
latching circuit 1010 may be parked high when the circular shift register 1410 outputs a
one. This is because the first multiplexer 1450 outputs the one to the set input 1016 of
the latching circuit 1010 which asserts the set input 1016, and the second muluplexer
outputs zero (1.e., tnverse of one} to the reset input 1018 of the latching circuit 1010 which
de-asserts the reset input 1018, Also, in this example, the output 1020 of the latching
circuit 1010 may be parked low when the circular shift vegister 1410 outputs a zero. This

is because the first multiplexer 1450 outputs the zero to the set input 1016 of the latching
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civeuit 1010 which de-asserts the set input 1016, and the second nwiitiplexer outputs one
{i.e., inverse of zero) to the reset input 1018 of the latching circuit 1010 which assests the

reset input 1018,

{8139] In the cxample shown in FIG. 14, the inverter 1470 is coupled between the output 1414

{0144}

{0141}

{3142]

of the circolar shift register 1410 and the first input 1462 of the second roultiplexer 1460,
However, it 18 to be appreciated that the present disclosure is not limited to this example.
In other implementations, the inverter 1470 may be coupled between the output 1414 of
the circular shift register 1410 and the first input 1452 of the first multiplexer 1450, In
this example, the output 1020 of the latching circuit 1010 may be parked low when the
circular shift register 1410 outputs a one, and the cutput 1020 of the latching circuit 1010
may be parked high when the circular shift register 1410 outputs a zero.

Fi5. 15 shows another example of a system 1505 with aging mitigation according to
certain aspects of the present disclosure. In this example, the system 1305 includes the
signal path 210, the multiplexer 220, and the controller 230 discussed above. The system
1505 also inciudes a second multiplexer 1520. In the discussion of FIG. 15 below, the
multiplexer 220 is referred to as the first multiplexer 220,

The second multiplexer 1520 has a first input 1522, a second input 15324, a select input
1526, and an ocutput 1528. The output 1528 of the second multiplexer 1520 is coupled to
the second input 224 of the first multiplexer 220, and the sclect input 1526 of the second
multiplexer 1520 is coupled to the first output 234 of the controller 236, The first input
1522 of the second muktiplexer 1520 is configured to receive a logic 7ero and the second
tnput 1524 of the second multiplexer 1520 is configured to receive a logic one. For
example, the first input 1522 may receive the logic 7ero by grounding the first tnput 1522
and the sccond input 1524 may receive the logic one by coupling the sccond input 1524
to 4 supply rail.

In the idle mode, the second multiplexer 1520 is configured to receive the aging control
signal. As discussed above, in certain aspects, the aging control signal may alternative
between one (i.c., high} and zero (.., low) over the multiple idle periods, or switch
between one {i.e., high} and 2ero (ie, low) based on an aging pattern.  The second
multiplexer 1520 may then select the logic zero at the fivst input 1522 or the logic one at
the second input 1524 based on the logic state of the aging control signal and output the
selected one of the logic zero and the logic onc at the output 1528, For example, the

second multiplexer 1520 may select the logic zevo at the first input 1522 when the aging
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control signal is zero and select the logic one at the second input 1524 when the aging
control signal is one, or vice versa.

In the 1dle mode, the first mudtiplexer 220 1s configured to receive the selected one of the
logic zero and the logic one from the second multiplexer 1320 at the second input 224.
Since the second input 224 of the first multiplexer 220 is selected in the idle mode as
discussed above, the first multiplexer 220 passes the selected one of the logic zero and
the logic one to the input 212 of the signal path 218. For example, when the logic zero is
selected, the input 212 of the signal path is parked low in the idle mode, and, when the
logic one is selected, the input 212 of the signal path is parked high in the idle mode.
Thus, in this example, the output of the second multiplexer 1520 provides the aging
control signal to the second input 224 of the first multiplexer 220,

As discussed above, the signal path 210, the signal path 910, and the signal path 1040
may cach include a delay circuit. For examople, the signal path 210, the signal path 910,
and the signal path 1040 may each include the delay circait 113 inchuding delay buffers
120-1 to 120-4 coupled in serics. Although four delay buffers 120-1 to 120-4 are shown
in the exarople in FIG. 1A, itis fo be appreciated that a signal path may include a different
nurmber of delay buffers. Although FIG. 1A shows an exampie in which the delay buffers
120-1 to 120-4 are implemented with inverters, it is to be appreciate that the delay butffers
120-1 to 120-4 arc not limited to this exarple, and that the delay buffers 120-1 1o 120-4
may be implemented with other types of delay buffers.

In certain aspects, a signal path (e.g., the signal path 210, the signal path 910, or the signal
path 1040) may include a delay circuit with an adjustable delay (e.g., to adjust the timing
of a data signal and/or clock signal). For example, a delay circuit may include delay
huffers and a switching circuit configured to control which of the delay buffers are
coupled between the input and the output of the delay circuit, In this example, the delay
of the delay circuit may be adjusted by controlling the number of the delay buffers that
are coupled between the input and the output of the delay circuif using the switching
circuit. The switching circuit may include switches, logic gates, a multiplexer, or any
cornbination thereof.

FIG. 16 shows an example of a memory interface circuit 1600 in which aging control
according to aspects of the present disclosure may be used. However, it s to be
appreciated that the present disclosure is not limited to the reemory interface circuit 1600
and may be used in other fypes of circutts. The memory interface circnit 1600 may be

configured to provide one or more processors {e.2., central processing unit {CPU) core,
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graphics processing unit (GPL), eic.)y with access to a memory device (not shown). The
memory device may be a double data rate (DDR) dynamic random-access memory
{DRAM) o another type of memory device.

{8147] The memory interface circuit 1600 includes a controtler 1690 configured to perform aging
control operations for the memory interface circuit 1600, as discussed further below. The
memory interface circuit 1600 also includes a first pad 1610, a second pad 1612, a third
pad 1614, a fourth pad 1616, a fivst veceiver 1620, a second recetver 1624, fivst driver
1622, a sccond driver 1626 a third driver 1627, and a fourth driver 1628, In the example
in FIG. 16, the fivst pad 1610 is used for data signals (labeled "D}, the second pad 1612
is used for a data strobe signal (labeled “DQS”), the third pad 1614 is used for a clock
signal (labeled “CK”}), and the fourth pad 1616 is used for a command/address signal
{labeled *“CA™). The first pad 1610, the second pad 1612, the third pad 1614, and the
fourth pad 1616 are coupled to the memory device (not shown) via respective metal Hines
{not used). Although one data line corresponding to the first pad 1610 is shown in FIG.
16 for case of illustration, it is to be appreciated that the memory inferface circuit 1600
may inciude onltiple data lines in paraliel for transmitting and/or receiving muliiple data
signals in parallel.

{0148] The input of the first receiver 1620 and the output of the first driver 1622 are coupled to
the first pad 1618, The input of the second receiver 1624 and the output of the second
driver 1626 are coupled to the second pad 1612, The output of the third driver 1627 is
coupled to the third pad 1614, and the output of the fourth driver 1628 is coupled to the
fourth pad 1616. The first recetver 1620 may be configured to receive a data signal from
the memory device via the first pad 1610, The first receiver 1620 may be configured to
amplify the received data signal. The first driver 1622 may be configured fo receive a
data signal and drive the first pad 1610 with the data signal to transmit the data signal to
the memory device. The second receiver 1624 may be configured 1o receive a data strobe
signal from the memory device via the second pad 1612, The second driver 1626 may be
configured to receive a data strobe signal and drive the second pad 1612 with the data
strobe signal to ransmit the data strobe signal to the memory device. The data strobe
signal may be a clock signal used for capturing data bits from the data signal. The third
driver 1627 may be configured to receive a clock signal and drive the third pad 1614 with
the clock signal to transmit the clock signal to the memory device.  The fourth driver
1628 may be configured to receive a command/address (CA) signal and drive the fourth

pad 1616 with the CA signal to transmit the CA signal to the memory device. In this
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exarople, the clock signal transmoitted from the third pad 1614 mav be used for capturing
comynand bits and/or address bits from the CA signal.

{8149] The memory interface circuit 1600 also includes a first multiplexer 1630, a first signal
path 1650, a second multiplexer 1640, a second signal path 1654, a second multiplexer
1640, a third signal path 1657, a thivd multiplexer 16735, a fourth signal path 1669, a fourth
multiplexer 1680, a {ifth signal path 1663, a sixth signal path 1666, a first SDR to DDR
converter 1670, and a second SDR to DDR converter 1685, Bach of the first signal path
1650, the second signal path 1654, the third signal path 1657, the fourth signal path 1660,
the fifth signal path 1663, and the sixth signal path 1666 may be tnclude a delay circuit
{e.g., delay circuit 115) for delaying the respective signal.

{8158 The first multiplexer 1630 has a first input 1632 coupled to the cutput of the first receiver
1620, a second input 1634 coupled to the controller 1694, a select input 1636 coupled to
the controller 1690, and an output 1638, The first signal path 1650 bas an nput 1651
coupled to the output 1638 of the first multiplexer 1630, and an output 1652,

16151] The first SDR to DDBR converter 1670 has a first signal input 1671-1 and a second signal
input 1671-2 coupled to a data source (not shown). The first SDR to DDR converter 1670
also has a set input 1672 coupled to the controller 1690, a veset input 1673 coupled 1o the
controller 16890, and an output 1674. The second signal path 1654 has an input 1655
coupled to the output 1674 of the first SDR to DDR converter 1670, and an outpwt 1656
coupled to the input of the first driver 1622,

[8152] The second multiplexer 1640 has a first input 1642 coupled to the output of the second
vecetver 1624, a second input 1644 coupled to the controller 1690, a select input 1646
coupled to the controlier 1690, and an output 1648. The third signal path 1657 has an
input 1638 coupled to the cuiput 1648 of the second multiplexer 1640, and an output
16549,

[8153] The third multiplexer 1675 has a first input 1676 coupled to the data strobe source (not
shown}, a second input 1677 coupled to the controller 1690, a select input 1678 coupled
to the controfler 1690, and an output 1679, The fourth signal path 1660 has anjnput 1661
coupled to the output 1679 of the thivd multiplexer 16735, and an output 1662 coupled 1o
the input of the second driver 1626.

[0154] The fourth multiplexer 1680 has a first input 1681 coupled to a clock source (not shown),
a second input 1682 coupled to the controller 1690, a sclect input 1683 coupled to the

controller 1690, and an output 1684, The fifth signal path 1663 has an input 1664 coupled
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to the output 1684 of the fourth multiplexer 1680, and an output 1665 coupled to the input

of the third driver 1627.

i

[8155] The second SDR to DDR converter 1685 has a first signal input 1686-1 and a second
signal input 1686-2 coupled to a command/address source (not shown). The second SDR
to DDR converter 1685 alsoe has a set input 1687 coupled o the controller 1690, a reset
input 1688 coupled o the controller 1690, and an output 1689, The sixth signal path 1666
has an input 1667 coupled to the cutput 1689 of the second SDR o DDR converter 1685,
and an output 1668 coupled to the input of the fourth driver 1628,

{61536} Exemplary operations of the memory interface circuit 1600 will now be described
according to certain aspects.

[8157] During a write operation, the first SDR to DDR converter 1670 may receive data to be
written to the memory device. For example, the first SDR to DDR converter 1670 may
reccive the data in two or more data signals at a single data rate (SDR), in which a first
one of the data signals may include odd data bits and a second one of the data signals may
include even bits. In this example, the first SBR to DDR converter 1670 may receive the
first one of the data signals via the first signal input 1671-1 and receive the second one of
the data signals via the second signal input 1671-2.

[8158] The first SDR to DDR converter 1670 may convert the data signals at the SDR into a data
signal at a double data rate (DBR)} and output the data signal at the DDR at the output
1674, In one exaraple, the first SDR to DDR converter 1670 may be implemented with
the exemplary SDR 1o DDR converter 1310, The data signal at DDR propagaies o the
first driver 1622 via the second signal path 1634, and the first driver 1622 transmits the
data signal at DDR to the memory device via the first pad 1610, In this example, the
second signal path 1654 may delay the data signal {c.g., to align the data signal with other
one or more data signals (not shown) in parallel data lines). As discussed above, the other
data lines are not shown in FIG. 16 for ease of illastration.

18159] During the write operation, the third multiplexer 1675 may receive a data strobe signal at
the first input 1676, The controller 1690 mstructs the third moultiplexer 1675 to select the
first input 1676 so that the third multiplexer 1675 outputs the data strobe signal 1o the
fourth signal path 1660. The data strobe signal may have half the frequency of the data
signal at DDR (i.c., the data signal at DDR includes two data bits per period of the data
strobe signal). The data strobe signal propagates to the second driver 1626 via the fourth
signal path 1660, and the second driver 1626 transmits the data strobe signal o the

memory device via the second pad 1612, In this example, the fourth signal path 1660
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may delay the data strobe signal (e.g., to adjust the timing of the data sivobe signal refative
toy the data signal at DDR).

During a read operation, the first receiver 1620 may receive a data signal including read
data from the memory device via the first pad 1610, The controller 1690 may instruct the
first muitiplexer 1630 to select the first input 1632 w0 allow the data signal fo propagate
through the first multiplexer 1630 to the first sigoal path 1630. The first signal path 1650
may output the read data to a memory controller (not shown}, which may buffer the data
in the data signal and send the data to a processor that reguested the data from the memory
device.

During the read operation, the second receiver 1624 may receive a data strobe signal from
the memory device via the second pad 1612 and output the received data strobe signal to
the first input 1642 of the second muitiplexer 1640. The controlier 1650 instructs the
second multiplexer 1640 to select the first jnputr 1642 so that the second nmultiplexer 1640
outputs the data strobe signal to the third signal path 1657, The data strobe signal
propagates to the memaory controlier (not shown} via the third signal path 1657, in which
the memory controller may use the data strobe signal to capture the read data in the data
signal received from the roemory device. In this example, the third signal path 1657 may
delay the data strobe signal (e.g., to adjust the timing of the data strobe signal relative to
the received data signal).

The second SDR 1o DDR converter 1685 may receive cormpmands and/or address
information for the memory device. For example, the second SDR o DDR converter
1685 may receive the commands andfor address information in (wo or more
control/address {CA) signals at a single data rate (SDR), in which a first one of the CA
signals may include odd bits and a second one of the CA signals may include even hits.
In this example, the second SDR to DDR converter 1685 may receive the first one of the
CA signals via the first signal input 1686-1 and the second one of the CA signals via the
second signal input 1686-2,

The second SDR to DDR converter 1685 may convert the CA signals at the SDR tnio a
CA signal at a double data rate (DDR} and output the CA signal at the DDR at the output
1689. In one example, the second SDR to DDR converter 1685 may be implemented
with the exemplary SDR to DDR converter 1310, The CA sigunal at DDR propagates to
the fourth driver 1628 via the sixth signal path 1666, and the fourth driver 1628 transmits

the CA signal at DDR to the memory device via the fourth pad 1616.
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The fourth nultiplexer 1680 may receive a clock signal at the first input 1681, The
controller 1690 instructs the fourth multiplexer 1680 to select the first input 1681 so that
the fourth multiplexer 1680 outputs the clock signal to the fifth signal path 1663, The
clock signal propagates to the third driver 1627 via the fifth signal path 1663, and the
third driver 1627 transmits the clock signal to the memory device via the third pad 1614,
The memory device may use the clock signal to capture the command/address bits from
the CA signal.
For a write operation, the memory coniroller {not shown} may receive a request from a
processor (not shown) to write data to the memory device.  In response, the memory
controller generates CA signals including a write command and a write address for the
data to be written. The second SDR to DDR converter 1683 receives the CA signals at
SDR via the first signal input 1686-1 and the second signal input 1686-2, and converts
the CA signals at SDR into a CA signal at DDR and outputs the CA signal at DDR at the
output 1689, The CA signal propagates through the sixth signal path 1666 to the fourth
driver 1628, which transmits the CA signal to the memory device via the fourth pad 1616,
For a read operation, the memory controller (not shown} may receive a read request from
a processor (not shown). In response, the memory controller generates a generates CA
signals including a read command and a read address for the data to be read from the
memory device., The second SDR o DDR converter 1685 receives the {CA signals at SDR
via the first signal input 1686-1 and the second signal input 1686-2, and converis the CA
signals at SDR into a CA signal at DDR and outputs the CA signal at DDR at the output
1689. The CA signal propagates through the sixth signal path 1666 to the fourth driver
1628, which transmits the CA signal to the memory device via the fourth pad 1616.
The memory controller may also generate a CA signals including commands for
performing housekeeping operations (e.g., vefresh operation). In this case, the memory
controller genervates A signals including housekeeping commands (e.g., refresh
command) for the memory device. The second SBR to DDR converter 1685 receives the
CA signals at SDR via the fust signal input 1686-1 and the second signal input 1686-2,
and converts the CA signals at SDR into a CA signal at DDR and outputs the CA signal
at DDR at the output 1689, The CA signal propagates through the sixth signal path 1666
to the fourth driver 1628, which transmits the CA sigual to the memory device via the
fourth pad 1616.
The controller 1690 may be configured to perform aging control operations for the

memaory interface circuit 1600 based on the activity of the memory interface circuit 1600,
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as discussed further below. In certain aspects, the controller 1690 may receive one or
more signal at an inpot 1692 indicating an operation of the memory interface circuit 1600.
The controller 1690 may be implemented with one or more instances of the exemplary
controller 230 and/or controller 1030 discussed above.

[016%] During a write operation, the first sigral path 1650 and the third signal path 1657 moay be
idle while the second signal path 1654, the fourth signal path 1660, the fifth signal path
1663, and sixth signal path 1666 are active. In other words, the read data path and the
read data strobe path (which include the first signal path 1650 and the third signal path
1657, respectively) may be in the idle mode during the write operation. In this case, the
controller 1690 may receive a signal from the memory controller indicating the write
operation. In response, the controller 1690 may perform an aging control operation for
the first signal path 1650 and the third signal path 1657 while the second signal path 1654,
the fourth signal path 1660, the fifth signal path 1663, and the sixth signal path 1666 are
active.

16170] In this regard, the controlier 1690 may instruct the first multiplexer 1630 o select the
second input 1634 via the select input 1636, The controller 1690 may then input an aging
control signal to the second inpuat 1634 of the first multiplexer 1630 to control aging of
the first signal path 1650 {e.g., using any of the exemplary techniques discussed above).
For example, the aging control signal may alternaicly park the input 1651 of the first
signal path 1650 high and low over multiple idle periods, control aging of the first signal
path 1650 based on an aging pattern {e.g., stored in the circular shift register 410), etc.

16171] The controller 1690 may also instruct the second multiplexer 1640 to select the second
input 1644 via the select input 1646, The controller 1690 may then input an aging control
signaf to the second tnput 1644 of the second multipiexer 1640 to control aging of the
third signal path 1657 {e.g., using any of the exemplary techniques discussed above). For
example, the aging control signal may alternately park the input 1658 of the third signal
path 1657 high and low over multiple idle periods, control aging of the third signal path
1657 bascd on an aging pattern (e.g., stored in the circular shift register 414, ete.

{8172} During aread operation, the second signal path 1654 and the fourth signal path 1660 may
be idle while the first signal path 1630, the third signal path 1657, the fifth signal path
1663, and the sixth signal path 1666 are active. In other words, the write data path and
the write data strobe path (which include the second signal path 1654 and the fourth signal
path 1660, respectively) may be in the idle mode during the read operation. In this case,

the controller 1690 may receive a signal from the memory controller indicating the read
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operation. In response, the controlier 1690 may perform an aging coutrol operation for
the second signal path 1654 and the fourth signal path 1660 while the first signal path
1650, the thivd signal path 1657, the fifth signal path 1663, and the sixth signal path 1666
are active.

18173] In this regard, the controller 1690 mav control aging of the second signal path 1654 using
the set input 1672 and the reset input 1673 of the first SDR to DDR converter 1670 (e.g.,
using any of the exemplary techniques discussed above). For example, the controller
1690 may park the input 1655 of the second signal path 1654 high by asserting the set
input 1672, and park the input 1655 of the second signal path 1654 low by asserting the
reset input 1673, In this example, the controller 1690 may conwrol aging, for example,
by alternately parking the input 1655 of the second signal path 1654 high and low over
multiple idle periods of the second signal path 1654, In another example, the controller
1690 may control aging of the secound signal path 1654 based on an aging patters.

[8174] The controlier 1690 may also instract the thivd multiplexer 1675 to select the second input
1677 via the select input 1678, The controller 1690 may then input an aging control signal
to the second input 1677 of the third raultiplexer 1675 to control aging of the fourth signal
path 1660 (o.g., using any of the exemplary technigues discussed above). For example,
the aging control signal may alternately park the input 1661 of the fourth signal path 1660
high and low over multiple wdle periods, control aging of the fourth signal path 1660 based
on an aging paitern (e.g., stored in the circular shift register 410}, ete.

[8175] During a bousekeeping operation {e.g., refresh operation), the first signal path 1680, the
second signal path 1654, the third signal path 1657, and the fourth signal path 1660
associated with read and write operations may be idle while the fifth signal path 1663 and
the sixth signal path 1666 may be active to send housckeeping commands (¢.g., refresh
comands) to the memory device. In other words, the write data path, write data strobe
path, the read data path, and the read data sirobe path may be idle during the housekeeping
operation. In this case, the controller 1690 may receive a signal indicating housekeeping
operation from the memory controlier.  in response, the controller 1690 may perform
aging control operations for the first signal path 1630, the second signal path 1654, the
third signal path 1657, and the fourth signal path 1660. For example, the controller 1690
may perform aging control operations for the first signal path 1639 and the third signal
path 1637 in the manncr discussed above for the write operation. The controfler 1690
may also perform aging control operatons for second signal path 1654 and the fourth

signal path 1660 in the manner discussed above for the read operation.
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During a traffic wdle mode or clock stop power down (CSPD) mode, the CA, CK, DQ and
DS paths are all idle. In this case, the controlier 1690 may receive a signal indicating
waffic idle mode or CSPD mode from the memory controller. In response, the controller
1690 may perform aging conirol operations for the first signal path 1650, the second
signal path 1654, the third signal path 1657, the fourth signal path 1660, the fifth signal
path 1663, and the sixth signal path 1666. The controller 1690 roay perform aging control
operations for the first signal path 1650, the second signal path 1654, the third signal path
1657, and the fourth signal path 1660 in the manner discussed above.

The controller 1690 may control aging of the sixth signal path 1666 using the set input
1687 and the reset input 16838 of the second 5DR to DDR converter 1685 (e.g., using any
of the exemplary techniques discussed above}. For example, the controller 1690 may
park the input 1667 of the sixth signal path 1666 high by asserting the set input 1687, and
park the input 1667 of the sixth signal path 1666 low by asserting the reset input 1688,
In this example, the controller 1690 may conirol aging, for example, by alternately
parking the input 1667 of the sixth signal path 1666 high and low over multiple idie
perinds. In another example, the controtler 1690 may control aging of the sixth signal
path 1666 based on an aging pattern.

The controller 1690 may also instruct the fourth multplexer 1680 to select the second
input 1682 via the sclect input 1683, The controller 1690 may then input an aging control
signal to the second input 1682 of the fourth raultiplexer 1680 to counirol aging of the fifth
signal path 1663 (e.g., using any of the exemplary techniques discussed above). For
example, the aging control signal may alternately park the input 1664 of the fifth signal
path 1663 high and low over multiple idle periods, control aging of the fifth signal path

1663 hased on an aging pattern {¢.g., stored in the circular shift register 410}, ete.

[$179] During a clock free running mode, the clock signal may be running with no command

waffic. This may be done, for example, to keep the memory device synchronized with
the clock signal. In this mode, the fifth signal path 1663 stays active for the clock signal
while the first signal path 1650, the second signal path 1654, the third signal path 1657,
the fourth signal path 1660, and the sixth signal path 1666 are idle. In this case, the
controller 1690 may receive a signal indicating the clock free running mode from the
memory controller.  In response, the condroller 1690 may perform aging control
operations for the first signal path 1630, the sccond signal path 1654, the third signal path
1657, the fourth signal path 1660, and the sixth signal path 1666 in the manner discussed

above.
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{6180} FIG. 17 shows another example of a memory interface circuit 1900 in which aging control
according o aspects of the present disclosure may be used. The memory interface circuit
1900 includes the first multplexer 1630, the second multiplexer 1640, the thrd
multiplexer 1675, the fourth multiplexer 1680, the fivst signal path 1650, the second signal
path 1654, the third signal path 1657, the fourth signal path 1660, the fifth signal path
1663, the sixth signal path 1666, the first receiver 1620, the second receiver 1624, the
first driver 1622, the second driver 1626, the third driver 1627, the fourth driver 1628, the
first pad 1610, the sccond pad 1612, the third pad 1614, the fourth pad 1616, and the
controller 1690 discussed above. The memory interface circuit 1900 also includes a fifth
mudtiplexer 1710 and a stuth multiplexer 1720

{0181] The fifth multiplexer 1710 has a fivst input 1712 configured to receive a data signal, a
second input 1714 coupled to the controller 1690, a select input 1716 coupled to the
controller 1690, and an output 1718 coupled to the input 1633 of the sccond signal path
1654, In one example, the first input 1712 may receive the data signal from the first SDR
to DDR converter 1670 {(not shown in FIG. 17) in which the first input 1712 of the fifth
muliiplexer 1710 is coupled to the output 1674 of the first SDR 0 DDR couverter 1670,
However, it 1s to be appreciated that the present disclosure is not limited to this example.

{8182 The sixth multiplexer 1720 has a first input 1722 configured to veceive a CA signal, a
second input 1724 coupled to the controller 1690, a select input 1726 coupled to the
controller 1690, and an output 1728 coupled to the input 1667 of the sixth signal path
1666. in one example, the first input 1722 may receive the data signal from the second
SOR o DDR converter 1685 (not shown in FIG. 17) in which the first input 1722 of the
sixth multiplexer 1728 is coupled to the output 1689 of the second SDR to DDR converter
1685, However, it is to be appreciated that the present disclosure is not limited to this
example.

{8183] During a write operation, the controller 1690 instructs the fifth multiplexer 1718 to select
the first input 1712 via the select input 1716. This allows the fifth multiplexer 1710 to
reccive a data signal mcluding data to be written to the memory device, and o pass the
data signal to the input 1655 of the second signal path 1654.

16184] Dnwing a read operation, a housckeeping operation, the traffic idle mode, or the CSPD
mode, the controller 1690 may instruct the instruct the fifth multiplexer 1710 to select the
second input 1714 via the select input 1716, The controller 1690 moay then input an aging
control signal to the second mput 1714 of the {ifth multiplexer 1710 to control aging of

the second signal path 1654 (e.g., using any of the exemplary techniques discussed
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above). For example, the aging control signal may alternately park the input 1655 of the
second signal path 1654 high and low over multple idle periods, control aging of the
second signal path 1654 based on an aging pattern {e.g., stored in the circular shift register
418}, etc.

During a read operation, a wrile operation, or a housckeeping operation, the controller
1690 may instruct the instruet the sbxth multiplexer 1720 to select the first input 1722 via
the select input 1726, This allows the sixth multiplexer 1720 to receive a CA signal
including commands and/or address information, and to pass the CA signal to the input
1667 of the sixth signal path 1666.

During the waffic idle mode, the CSPD mode, or the clock free nunning mode, the
controller 1690 may instruct the instruct the sixth multiplexer 1720 to select the second
input 1724 via the select input 1726, The controller 1690 may then input an aging control
signal to the second input 1724 of the sixth multiplexer 1720 to control aging of the sixth
signal path 1666 (e.g., using any of the exemplary techniques discussed above). For
cxample, the aging controd signal may alternately park the input 1667 of the sixth signal
path 1666 high and low over multiple idle periods, controf aging of the sixth signal path

1666 based on an aging pattern (e.g., stored in the circolar shift register 410), etc.

FIG. 18 is a flowchart illustrating a method 1800 for aging control according to certain
aspects.
At block 1810, in an active mode, a signal is inpuf to an inpuf of a signal path. For

cxample, the signal may include a data signal, a clock signal, a control signal, or an
address signal. The signal path may correspond to any one of the signal path 210, the
signal path 1040, the first signal path 1650, the second signal path 1654, the third signal
path 1657, the fourth signal path 1660, the fifth signal path 1663, or the sixth signal path
1666. The signal path may include a delay circuit {e.g., delay circuit 113). In some
cxamples, the signal may be input to the signal path by a multiplexer {e.g., multiplexer
220, multiplexer 920, the first multiplexer 1630, the sccond multipiexer 16440, the third
multiplexer 1675, the fourth moultiplexer 1680, the fifth multiplexer 1710, ot the sixth
multiplexer 1720} or a latching circuit (e.g., the latching circuit 1010, the first latching
circuit 1320, or the second latching circuit 1340).

At block 1826, in an idle mode, aging of the signal path is controlled. The aging may be
controlled by a controller (e.g., controfler 230, 1030, or 1690).

In certain aspects, controlling the aging of the signal in the idle mode includes alternately

parking the input of the signal high and low over multiple cousecutive idie periods. In
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certain aspects, the consccutive idle periods include odd idle periods and even idle
periods. In these aspects, alternately parking the input of the signal path high and low
may include parking the input of the signal path low during cach of the odd idle periods,
and parking the input of the signal path high during cach of the even idle periods, or may
mclude parking the input of the signal path high during each of the odd idle periods, and
parking the input of the signal path low during each of the even idle periods.

16121] In certain aspects, controlling aging of the signal path in the idle mode includes parking
the input of the signal path high for k of N consecutive idie periads, and parking the input
of the signal path low for N-k of the N consecutive idle periods, wherein k is an integer
equal to or greater than one, and N is an integer greater than k.

{8192] In certain aspects, the method 1800 may also include storing a sequence of bits in a
register {e.g., register 235 or the register 1035), each of the bits in the sequence of bits
corresponding to a respective one of N consceutive idle periods in the idle mode. in these
aspects, controlling aging of the signal path in the idie mode may include, for each one of
the N consecutive idle periods, parking the input of the signal path high during the idle
perind if the corresponding bit in the sequence of bits has a first bit value, and parking the
input of the signal path low doring the idle period if the corresponding bit in the sequence
of bits has a second bit value. The first bit value may be one and the second bit value may
be zero, or the first bit value may be zero and the second logic bit may be one.

10193] In certain aspects, controlling aging of the signal path in the idle mode includes inputting
a clock signal to the input of the signal path. The clock signal may correspond to the slow
clock signal discussed above with reference to FIG. 3B.

16194} Implementation examples are described in the following numbered clauses:

[0195]) 1 A system, comprising:
[0196] a mushtiplexer having a first input, a second input, a select input, and an ocutput;
[8397] a signal path having an input and an output, wherein the input of the signal path

is coupled to the output of the multiplexer; and

[0198] a coniroller coupled to the second input of the nultiplexer and the select input of
the multiplexer, wherein the controfler has an indicator input, and the controller is
configured to:

[0199] receive a mode indicator signal at the indicator input;

{0200} if the mode indicator signal has a first logic value, instruct the nultiplexer to

select the first input of the multiplexer; and
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{0201} if the mode indicator signal has a second logic value, mstruct the multiplexer o
select the second input of the multiplexer, and output a control signal to the second
input of the multiplexer, the control signal controlling whether the input of the signal
path is parked high or low.
[6202] 2. The system of clause 1, wherein the first input of the multiplexer is configured

to receive a data signal, a clock signal, a command signal, or an address signal.

16263] 3. The system of clause 1 or 2, wherein the signal path comprises a delay ciycuit.
162684) 4. The system of clause 3, wherein the delay circuit comprises delay buffers

coupled in scries.

[g2685] 5. The system of any one of clauses § to 4, wherein the first logic value indicates
the system is in an active mode, and the second logic value indicates the systen s in an
idle mode.

10286] 6. The system of any one of clauses 1 to 5, wherein, when the mode indicator
signal has the second logic value, the controller s configured 1o alternately set the
control signal high and low over multiple consecutive idic periods.

[o2a7) 7. The system of clause 6, wherein the consecutive idle periods include odd idie

periods and even idle periods, and the controller is configured to:

[0208] set the control signal low during each of the odd idle periods; and
182469} set the control signal high during cach of the even idle periods.
[0216] 8. The system of clause 6, wherein the consecutive idle periods include odd idle

periods and even idle periods, and the controller is configured to:

16211} set the aging control signal high during each of the odd idie periods; and
16212} set the aging control signal low during each of the even idle periods.
{0213} 9. The systero of any one of clauses 1 1o 5, wherein, when the mode indicator

signal has the second logic value, the controller is configured to:

{9214} set the control signal high for k of N consecutive idle perieds; and

{09215} set the control signal low for N-k of the N consecutive idle periods;

10216} wherein k is an integer equal to or greater than one, and N is an integer greater
than k.

[6217] 10. The system of any one of clauses 1 1o 5, wherein the controller is configured to

store a sequence of bits in a register, each of the bits in the sequence of bits
corresponding to a respective one of N consecutive wdle periods in an udle mode, and

wherein, for each one of the N consecutive idle periods, the controller is configured to:
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{0218} set the control signal high during the idle period if the corresponding bit in the
sequence of bits has a first bit value; and

{8219} set the control signal low during the idle period if the corvesponding bit in the
sequence of bits has a second bit value.

[0236] 11, The system of any one of clauses 1 to 5, wherein the control signal comprises a
clock signal.

[6221] 12. The system of any one of clauses 1 to 11, further comprising:

{6222} a pad; and

10223} a recciver having an input and an output, wherein the input of the roceiver is

coupled to the pad, and the output of the receiver ts coupled to the first input of the

multiplexer.
19224) 13. The system of any one of clauses 1 to 12, further comprising:
[(225] a pad; and
[022s6] a driver having an input and an ostput, wherein the input of the driver is coupled

to the output of the signal path, and the output of the driver is coupled to the pad.

{02271 14. The system of any one of clauses 1 to 12, further comprising:
{8228} a latching circuit having a signal input, a clock input, and an cutput, wherein the

signal input is coupled 1o the output of the signal path.
{9229] 15. The system of any one of clauses 1 to 12, further comprising:
10230} a latching circuit having a signal input, a clock input, and an output, wherein the

clock input is coupled to the output of the signal path.

[6231] 16, The system of any one of clauses 1 1o 10 and 12 to 15, wherein the controller
COMPISCs:
10232} a circular shift register having an input and an output, whercin the output of the

circular shifter register is coupled to the second input of the multiplexer; and

{8233} a conirol circuit having an input, a first output, and a second output, wherein the
input of the control circutit is coupled fo the indicator input, the first output of the
control circuit is coupled to the select input of the multiplexer, and the second output of
the control circuit s coupled to the input of the circolar shift register.

106234} 17. The system of clause 16, wherein:

(0235} the circular shifter register is configured to store hits and to output onc of the
hits at a time at the output of the circular shift register;

13236} the controd circuit is configured to:

109237} receive the mode indicator signal via the input of the control circuit;
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{0238} if the mode indicator signal has the first logic value, instruct the multiplexer to
select the first input; and
[8239] if the mode indicator signal has the second logic value, instruct the multiplexer

to sclect the second input via the first ouiput, and instruct the circular shift register o

shift the bits in the circular shift register via the sceond output.

[0246] 8. A system, comprising:
16241} a latching circuit having a signal input, a clock input, a set input, a reset input,

and an output;

(0242} a signal path having an input and an output, wherein the input of the signal path
is coupled to the output of the latching circuit; and

{0243} a coniroller coupled to the set input and the reset input of the latching circuit,

wherein the controlicr has an indicator input, and the controlier is configured to:

10244} receive a mode indicator signal at the indicator input;
[0245] if the mode indicator signal has a first logic value, de-assert the set input and the

resct input; and

{0246} if the mode indicator signal has a second logic value, control whether the input
of the signal path is parked high or low using the set input and the reset input.

[9247] 19. The system of clause 18, wherein the first logic value indicates the system is in
an active mode, and the second logic value indicates the system is in an idle mode.

[0248] 20. The system of clause 18 or 19, wherein the signal input of the latching circuit is
configured to receive a data signal, a command signal, or an address signal.

16248] 21. The system of any one of clauses 18 to 20, wherein the signal path comprises a
delay circuit.

[0256) 22. The system of clause 21, wherein the delay circuit comprises delay buffers
coupled n series.

[8251] 23. The system of any one of clauses 18 to 22, wherein, when the mode indicator
has the second logic value, the controller is configured to alternately assert the set input
and the reset input over multiple consecutive idle periods.

[0253] 24, The system of clause 23, wherein the consecutive idle periods include odd idle

periods and even idle periods, and the controller is configured to:

10253} assert the set input during each of the odd idle periods; and
(0254} assert the reset input during each of the even idle periods.
[8255] 25. The system of clause 23, wherein the consecutive idle periods include odd idle

periods and even idle periods, and the controller is configured to:
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{0256} assert the reset input during each of the odd idle periods; and
{8257} assert the set input during each of the even idle periods.
[8258] 26. The system of any one of clauses 18 to 22, wherein, when the mode indicator

signal has the second logic value, the controlier is configured to:

10259} assert the set input for k of N consecutive idle periods; and

[0266] assert the reset input for N-k of the N consecutive idle periods;

16261} wherein k is an infeger equal (o or greater than one, and N is an integer greater
than k.

[0262) 27. The system of any one of clauses 18 to 22, wherein the controller is configured

to store a sequence of bits in a register, each of the bits in the sequence of bits
corresponding to a respective one of N consecutive idle periods in an idle mode, and
wherein, for each onc of the N consecutive idle periods, the controller is configured to:
10263} assext the set input during the idle period if the comresponding bit in the sequence
of bits has a first bit value; and
16264} assert the reset input during the idle period if the corresponding bit in the

sequence of bits has a second bit value,

[$3265] 28. The systern of any one of claoses 18 to 27, further comprising:
{3266} a pad; and
19267} a receiver having an input and an output, wherein the input of the receiver is

coupled to the pad, and the output of the receiver is coupled to the signal input of the

tatching circuit.

[6268] 29. The system of any one of clauses 18 to 28, further comprising:
[6269] apad; and
{0276} a driver having an input and an cutput, wherein the input of the driver is coupled

toy the output of the signal path, and the output of the driver is coupled to the pad.

[8271] 30. A method for aging control, comprising:

10272} in an active mode, inputiing a signal to an input of the signal path; and
10273} in an idle mode, controlling aging of the signal path.
[8274] 31. The method of clause 30, wherein the signal comprises a data signal, a clock

signal, a control signal, or an address signal.

[0275) 32. The method of clause 30 or 31, wherein the signal path coroprises a delay
CirCuit.
[8276] 33. The method of clause 32, wherein the delay circuit comprises delay buffers

coupled in series
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[0277] 34. The method of any one of clauses 30 to 33, wherein controlling the aging of the
signal in the idle mode comprises alternately parking the input of the signal high and
low over multiple consecutive idle periods.
16278] 35. The method of clause 34, wherein the consecutive idle periods include odd idle
periods and cven idie periods, and alternately parking the input of the signal path high

and low comprises:

162791 parking the input of the signal path low during each of the odd idle periods; and
{6286} parking the input of the signal path high during cach of the even wdle periods,
[6281] 36. The method of clause 34, wherein the consecutive idle periods include odd idle

periods and even idle periods, and alternately parking the input of the signal path high

and low comprises:

10282} parking the input of the signal path high during cach of the odd idie periods; and
{0283} parking the input of the signal path low during each of the even idle periods.
[6284] 37. The metbod of any one of claoses 30 to 33, wherein controlling aging of the

signal path in the idic mode comprises:

{0285} parking the tnput of the signal path high for k of N consecutive idle periods; and

[0286] parking the input of the signal path low for N-k of the N consecutive idle
periods;

10287} wherein K is an integer equal to or greater than one, and N is an integer greatey
than k.

[6288] 38.  The method of any one of clauses 30 to 33, further comprising storing a
sequence of bits in a register, each of the bits in the sequence of bits corresponding to a
respective one of N consecutive idle periods in the idle mode, and wherein controlling
aging of the signal path in the idle mode comprises, for cach one of the N consecutive
idle periods:

[0289] parking the input of the signal path high during the idle period if the
corresponding bit in the sequence of bits has a first bit value; and

10280} parking the input of the signal path low during the idle period if the
corresponding bit in the sequence of bits has a second bit value.

[6281] 39. The method of any one of clavses 30 to 33, wherein controlling aging of the
signal path comprises inputting a clock signal to the input of the signal path.

[6292) It is to be appreciated that the present disclosure is not limited to the exemplary
wrminology vsed above to describe aspects of the present discloswre. For example, a

delay circuit may also be referred to as a delay line, a delay chain, a delay clement, or
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another term. In another example, a pad may also be referred to as a pin, or another term.
It is also to be appreciated that the indictor signal may also be referred to as a mode
indictor signal.

The controlier 230, the controller 1030, and the controller 1690 may each be implemented
with a general-purpose processor, a digital signal processor (35P), an application specific
integrated circuit (ASIC), a field programyunable gate array (FPGA) or other
programmable Iogic device, discrete hardware components {e.g., logic gates), or any
combination thereof designed to perform the functions described herein. A processor
may perform the functions described herein by executing software comprising code for
performing the fanctions. The software may be stored on a computer-readable storage
medivm, such as a RAM, a ROM, an EEPROM, an optical disk, and/or a magnetic disk.
Within the present disclosure, the word “exemplary” is used to mean “serving as an
cxample, instance, or iHustration.” Any itmplementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects” docs not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The torm
“coupled” is used herein to vefer to the divect or indirect electrical coupling between two
structures. It is also to be appreciated that the term “ground” may refer to a B ground
or an A ground, and thus the torm “ground” covers both possibilitics.

The previous description of the disclosure is provided to enable any person skitled in the
art to make or use the disclosure. Various modifications to the disclosire will be readily
apparent o those skilled in the art, and the generic principles defined herein may be
applicd to other variations without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended o be limited to the examples described herein but is
to be accorded the widest scope consistent with the principles and novel features disclosed

herein.
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CLAIMS

1. A systern, comprising:
a multiplexer having a first input, a second input, a select input, and an output;
a signal path having an input and an output, wherein the input of the signal path
is coupled to the output of the multiplexer; and
a controller coupled to the second input of the multipiexer and the select input of
the multiplexer, wherein the controfter has an indicator input, and the controller is
configured to:
receive a mode indicator signal at the indicator input;
if the mode indicator signal has a first logic value, instruct the
multiplexer to sclect the first input of the multiplexer; and
if the mode indicator signal has a sccond logic value, instruct the
multiplexer to select the second input of the multiplexer, and cutput a control
signal to the second input of the multipiexer, the control signal controlling

whether the input of the signal path is parked high or low.

2. The systemn of claim 1, wherein the first input of the mulaplexer is configured to

receive a data signal, a clock signal, a command signal, or an address signal.

3. The systern of claim 1, wherein the signal path comprises a delay circuit.
4. The system of clairn 3, wherein the delay circuit comprises delay buffers

coupled in serics.

5. The system of claim 1, wherein the first logic value indicates the system is in an

active mode, and the second logic value indicates the system 1s in an idle mode.

6. The system of claim 1, wherein, when the mode indicator signal has the second
logic value, the controlier is configured to alternately set the control signal high and low

over multiple consccutive idle perinds.
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7. The system of claim 6, wherein the consecutive idle periods include odd idle
periods and even idle periods, and the controller is configured to:
set the control signal low during each of the odd idle periods; and

set the control signal high during cach of the even idle periods.

8. The system of claim 6, wherein the consecutive idle periods include odd idle
periods and even idle periods, and the controller is configured to:
set the aging control signal high during cach of the odd idle periods; and

set the aging control signal low during each of the even idle periods.

Q. The system of claim 1, wherein, when the mode indicator signal has the second
logic value, the controlier is configured to:

sct the control signal high for k of N consecutive idie periods; and

set the control signal low for N-k of the N consecutive idle periods;

wherein K is an integer cqual to or greater than one, and N is an infeger greater

than k.

10. The system of claim 1, wherein the controller is configured to store a sequence
of bits in a register, cach of the bits in the sequence of bits corresponding to a respective
one of N consecutive idle periods in an idle mode, and wherein, for cach onc of the N
conseeutive idle periods, the controlier is configured to:

set the control signal high during the idle period if the corvesponding bit in the
sequence of bits has a first bit value; and

set the controf signal low during the idle period if the corresponding bit in the

sequence of bits has a second bit valoe.

1t The system of claim 1, wherein the control signal comprises a clock signal.
12. The system of claim 1, further comprising:

a pad; and
a recciver having an input and an output, wherein the input of the roceiver is
coupled to the pad, and the output of the reeciver is coupled to the first input of the

multiplexer.
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13. The system of claim 1, further comprising:

=4

a pad; and
a driver having an input and an output, wherein the mput of the driver is coupled

to the output of the signal path, and the output of the driver is coupled to the pad.

14. The system of claim 1, further comprising:
a latching civcuit having a signal input, a clock input, and an ovtput, wherein the

signal input is coupled to the output of the signal path.

1S. The systermn of claim 1, further comprising:
a latching circuit having a signal input, a clock tnput, and an cutput, wherein the

clock input is coupled to the output of the signal path.

16. The system of claim 1, wherein the controller comprises:

a circular shift register having an input and an output, whercin the output of the
circular shifter register is coupled to the second input of the multipiexer; and

a control civcuit having an input, a first output, and a second output, wherein the
input of the conwrol civeuit is coupled o the indicator input, the first output of the
control circuit is coupled to the select input of the multiplexer, and the second output of

the control circuit is coupled to the input of the circular shift register.

17. The system of claim 16, whergin:
the circular shifter register is configured to store bits and to output one of the
hits at a time at the output of the circular shift register;
the control cirauit is configured to:
receive the mode indicator signal via the input of the control circuit;
if the mode indicator signal has the first logic valug, instruct the
multiplexer to sclect the first input; and
if the mode indicator signal has the second logic value, instruct the
multiplexer to select the second input via the first ovtput, and instruct the
circular shift register to shift the bits in the circular shift register via the second

OuEpuL.

18. A system, comprising:
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a latching circuit having a signal input, a clock input, a set input, a reset input,

|4

and an output;
a signal path having an input and an ouiput, wherein the input of the signal path
is coupled to the ouiput of the latching circuit; and
a controtler coupled to the set input and the reset input of the latching circuit,
wherein the controller has an indicator input, and the controller is configured to:
receive a mode indicator signal at the indicator inpug;
if the mode indicator signal has a first logic value, de-assert the set input
and the reset input; and
if the mode indicator signal has a second logic value, control whether the
input of the signal path is parked high or low using the set input and the reset

input.

19 The system of claim 18, wherein the first logic value indicates the system is in

an active mode, and the second logic value indicates the system is in an idle mode.

20. The system of claim 18, wherein the signal input of the latching circuit is

configured to receive a data signal, a command signal, or an address signal.

21 The systero of claim 18, wherein the signal path corprises 2 delay circuit.
22, The system of claim 21, wherein the delay circuit comprises delay buffers

coupled in serigs.

23, The system of claim 18, wherein, when the mode indicator has the second logic
value, the controller is configured to alternately assert the set input and the reset input

over multiple consecutive idle periods.

24. The system of claim 23, wherein the consecutive idle periods include odd idle
periods and even idle periods, and the controller is configured to:
assert the set input during cach of the odd idle periods; and

assert the reset input during each of the even idle periods.
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25. The system of claim 23, wherein the consecutive idle periods include odd idle

(o4

periods and even idle periods, and the controller is configured to:
assert the reset input during each of the odd idle periods; and

assert the set input during each of the even idie periods.

26. The system of claimn 18, wherein, when the mode indicator signal has the second
logic value, the controlier is configured to:

assert the set input for K of N consecutive idle periods; and

assert the reset input for N-k of the N consecutive wdle periods;

wherein K is an integer equal to or greater than one, and N is an integer greater

than k.
7. The system of claim 18, wherein the controlier is configured to store a sequence

of bits in a register, each of the bits in the sequence of bits corresponding to a respective
one of N consecutive idle periods in an idle mode, and wherein, for each one of the N
consecutive idle periods, the controller is configured to:

assert the set input during the idle period if the corresponding bit in the sequence
of bits has a first bit value; and

assert the reset input during the idle period if the corresponding bit in the

sequence of bits has a second bit value.

28. The system of claim 18, further comprising:

a pad; and

a recciver having an input and an output, wherein the input of the roceiver is
coupled to the pad, and the output of the receiver s coupled to the signal input of the

tatching circuit.

29, The system of claim 18, further comprising:
apad; and
a driver having an input and an output, wherein the input of the driver is coupled

to the output of the signal path, and the output of the driver is coupled to the pad.

30. A method for aging control, comprising:

in an active mode, inputiing a signal to an input of the signal path; and
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in an idle mode, controlling aging of the signal path.

31. The method of claim 30, wherein the signal comprises a data signal, a clock

signal, a control signal, or an address signal.

32. The method of claim 30, wherein the signal path comprises a delay circuit.
33. The method of claim 32, wherein the delay circuit comprises delay buffers

coupled in scries.

34. The method of claim 30, wherein controlling the aging of the signal in the idle
mode compriseas alternately parking the input of the signal high and low over multiple

consecutive idle periods.

35. The method of claim 34, wherein the consecutive idle periods include odd idie
perinds and even idle periods, and alternately parking the input of the signal path high
and low comprises:

parking the input of the signal path low during each of the odd idle periods; and

parking the input of the signal path high during cach of the even idle periods.

36. The method of claim 34, wherein the consecutive idle periods include odd die
periods and even idle periods, and alternately parking the input of the signal path high
and low comprises:

parking the input of the signal path high during cach of the odd idie periods; and

parking the input of the signal path low during each of the even idle periods.

37. The method of claim 30, wherein controlling aging of the signal path in the idle
made compriscs:

parking the input of the signal path high for k of N consecutive idle periods; and

parking the input of the signal path low for N-k of the N consecutive idle
periods;

wherein K 15 an infeger equal to or greater than one, and N is an infeger greater

than k.
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38. The method of claim 30, further comprising storing a sequence of bits in a
register, cach of the bits in the sequence of bits corresponding to a respective one of N
consecutive idle periods in the idle mode, and wherein controlling aging of the signal
path in the idle mode comprises, for each one of the N consecutive idle periods:

parking the input of the signal path high during the 1die period if the
corresponding bit in the sequence of bits has a first bit value] and

parking the input of the signal path low during the idle period if the

corresponding bit in the sequence of bits has a second bit value.

34, The method of claim 30, wherein controlling aging of the signal path comprises

inputting a clock signal to the input of the signal path.
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In an active mode, input a signal to an input of a
signal path

Y

In an idle mode, control aging of the signal path

FIG. 18



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/036199

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO3K19/00

ADD.

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

B. FIELDS SEARCHED

GO6F HO4L HO3K Gl1C

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2005/144492 Al (YUN BYEONG-WHEE [KR] ET 1,2,4,5,
AL) 30 June 2005 (2005-06-30) 30-32, 39
A paragraph [0050] - paragraph [0065]; 3,6-29,
figures 1,3-6 33-38
X US 2014/286469 Al (SHIBASAKI TAKAYUKI [JP] 1,2,31,
ET AL) 25 September 2014 (2014-09-25) 33
A paragraph [0048] - paragraph [0060]; 3-30, 32,
figures 1-7 34-39
X US 2013/147526 Al (KIM DONG KEUN [KR] ET 1,2,5,
AL) 13 June 2013 (2013-06-13) 30,31,
34,39
A paragraph [0085] - paragraph [0098]; 3,4,
figures 3-10 6-29,32,
33,35-38
-/—

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

17 October 2022

Date of mailing of the international search report

27/10/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Mesplede, Delphine

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/036199

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/039325 Al (AIZAWA HIDEO [JP]) 18-23,
4 April 2002 (2002-04-04) 28-34,39
A paragraph [0058] - paragraph [0075]; 1-17,
figures 1-8 24-27,
35-38

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2022/036199
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2005144492 Al 30-06-2005 CN 1637683 A 13-07-2005
DE 102004062911 Al 28-07-2005
JP 2005190483 A 14-07-2005
KR 20050065007 A 29-06-2005
W I269152 B 21-12-2006
Us 2005144492 A1 30-06-2005

US 2014286469 Al 25-09-2014 JP 6032082 B2 24-11-2016
JP 2014187561 A 02-10-2014
Us 2014286469 Al 25-09-2014

US 2013147526 Al 13-06-2013 CN 103163940 A 19-06-2013
JP 5997029 B2 21-09-2016
JP 2013122759 A 20-06-2013
KR 20130066398 A 20-06-2013
W 201331748 A 01-08-2013
Us 2013147526 Al 13-06-2013
Us 2015084675 Al 26-03-2015

US 2002039325 Al 04-04-2002 JP 3923715 B2 06-06-2007
JP 2002109490 A 12-04-2002
Us RE40147 E 11-03-2008
Us 2002039325 A1 04-04-2002

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - wo-search-report
	Page 86 - wo-search-report
	Page 87 - wo-search-report

