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(71) Applicant: Micron Technology, Inc., Boise, ID Several embodiments of electrical circuit devices and sys-
(as) tems with clock distortion calibration circuitry are disclosed
herein. In one embodiment, an electrical circuit device
(72) Inventor: Qiang Tang, Cupertino, CA (US) includes clock distortion calibration circuitry to calibrate a
clock signal. The clock distortion calibration circuitry is
(21) Appl. No.: 15/966,889 configured to determine when one or more duty cycle
calibration (DCC) conditions are met. When the DCC con-
(22) Filed: Apr. 30, 2018 dition(s) are met, the clock distortion calibration circuitry is

configured adjust a trim value associated with at least one of
first and second duty cycles of first and second voltage
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AUTONOMOUS DUTY CYCLE
CALIBRATION

TECHNICAL FIELD

[0001] The disclosed embodiments relate to electrical cir-
cuit devices and systems, and, in particular, to electrical
circuit devices with autonomous duty cycle calibration capa-
bility.

BACKGROUND

[0002] Clock signals are used to coordinate actions of
electrical circuits in electrical circuit devices. In some
devices, these signals can be single-ended clock signals
where a signal is transmitted by a voltage and is referenced
to a fixed potential (e.g., a ground node). In such devices,
one conductor carries the clock signal while another con-
ductor carries the reference potential. Other electrical circuit
devices can use a differential clock signal that employs two
complementary (e.g., inverse) voltage signals to transmit
one information signal. A receiver in such devices extracts
information by detecting the potential difference between
the complementary voltage signals. Each complementary
voltage signal is carried by its own conductor, which means
that differential-signaling often requires more wires than
single-ended signaling and, thus, more space. Despite this
disadvantage, differential signaling has many benefits over
single-ended signaling. For example, because the two volt-
age signals have equal amplitude and opposite polarity
relative to a common-mode voltage, return currents and
electromagnetic interference generated by each signal are
balanced and cancel each other out, which is an advantage
especially noticeable at high frequencies. This, in turn, also
reduces crosstalk to other nearby signals. In addition, elec-
tromagnetic interference or crosstalk introduced by outside
sources is often added to each voltage signal, so the mag-
nitude of the interference or crosstalk is reduced when a
receiver takes a potential difference between the two signals.
Furthermore, differential signaling provides a more straight-
forward logic state determination procedure, allows for
more precise timing, and maintains an adequate signal-to-
noise ratio at lower voltages. Even so, neither type of clock
signaling is immune to duty cycle distortion.

[0003] A duty cycle of a clock signal is a ratio of the pulse
time of the clock signal to its cycle period. A duty cycle of
a clock signal can become distorted due to a variety of
sources, including amplifiers that make up a clock tree, large
propagation distances between amplifier stages of the clock
tree, and/or parasitic conductor capacitance. Distortion of
the duty cycle skews timing margins defined by the clock
signal in electrical circuit devices. As a result, an electrical
circuit using the distorted clock signal can have smaller
timing windows in which to transfer and/or process data,
which could lead to reduced pulse widths, data errors, and
unreliable circuit performance. As input/output speeds
increase (e.g., as the cycles of a clock signal are reduced), it
also becomes increasingly more challenging to reduce duty
cycle distortion, meaning that the consequences of duty
cycle distortion at high input/output speeds are even more
apparent. In addition, electrical circuits at different locations
(e.g., on different electrical circuit dies) can experience
varying degrees of duty cycle distortion of a clock signal due
to differing sources of distortion located along the corre-
sponding clock branches of a clock tree that define the clock
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signal pathways. Thus, it is desirable to mitigate duty cycle
distortion of a clock signal at points along the clock signal
pathways closest to electrical circuits, especially as input/
output speeds increase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of a system having an
electrical circuit device configured in accordance with an
embodiment of the present technology.

[0005] FIG. 2 is a block diagram of an electrical circuit die
having clock distortion calibration circuitry in accordance
with an embodiment of the present technology.

[0006] FIGS. 3A and 3B are flow diagrams illustrating
methods of operating clock distortion calibration circuitry in
accordance with embodiments of the present technology.
[0007] FIG. 4 is a schematic view of a system that includes
an electrical circuit device in accordance with embodiments
of the present technology.

DETAILED DESCRIPTION

[0008] Embodiments described herein relate to electrical
circuit devices and related systems that employ clock dis-
tortion calibration circuitry. Such structures are shown, for
example, in co-pending U.S. patent application Ser. No.
15/848,796 assigned to Micron Technology, Inc., which is
incorporated herein by reference in its entirety.

[0009] As described in greater detail below, the present
technology relates to electrical circuit devices and related
systems having autonomous duty cycle calibration capabil-
ity. A person skilled in the art, however, will understand that
the technology may have additional embodiments and that
the technology may be practiced without several of the
details of the embodiments described below with reference
to FIGS. 1-4. In the illustrated embodiments below, the
electrical circuit devices are primarily described in the
context of semiconductor devices having one or more semi-
conductor dies that use a differential clock signal (e.g.,
NAND storage media). Electrical circuit devices configured
in accordance with other embodiments of the present tech-
nology, however, can include other types of structures,
storage media, and/or clock signals. For example, electrical
circuit devices in accordance with other embodiments of the
present technology can comprise metamaterials; can include
NOR, PCM, RRAM, MRAM, read only memory (ROM),
erasable programmable ROM (EROM), electrically erasable
programmable ROM (EEPROM), ferroelectric memory, and
other storage media, including volatile storage media; and/or
can use a single-ended clock signal.

[0010] One embodiment of the present technology is an
electrical circuit device (e.g., a semiconductor device) that
comprises clock distortion calibration circuitry and that
utilizes a clock signal (e.g., a differential clock signal). The
clock distortion calibration circuitry is configured to deter-
mine when one or more duty cycle calibration (DCC)
conditions are met. When the DCC condition(s) are met, the
clock distortion calibration circuitry is configured adjust
(e.g., automatically and/or as a background operation of the
electrical circuit device) a trim value associated with at least
one of first and second duty cycles of first and second
voltage signals, respectively. Using the adjusted trim value,
the clock distortion calibration circuitry can calibrate at least
one of the first and the second duty cycles of the first and the
second voltage signals, respectively, of the clock signal. In
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this manner, the clock distortion calibration circuitry can
account for duty cycle distortion encountered across various
voltages and/or temperatures while the electrical circuit
devices and/or systems remain in a powered on state.
Furthermore, by only adjusting the trim value when the one
or more DCC conditions are met, the electrical circuit device
ensures the validity of resulting DCC calibration trim val-
ues, thereby justifying consumption of processing and/or
channel input/output time and/or resources.

[0011] FIG. 1 is a block diagram of a system 101 having
an electrical circuit device 100 (e.g., a semiconductor device
and/or package) configured in accordance with an embodi-
ment of the present technology. As shown, the electrical
circuit device 100 includes a clock generator 120, an elec-
trical circuit die 130 (e.g., a semiconductor die), and a
controller 106 operably coupling the electrical circuit die
130 to a host device 108 (e.g., an upstream central processor
(CPU)). Although illustrated separately from the controller
106 and the clock generator 120 in FIG. 1, the electrical
circuit die 130 can comprise the controller 106 and/or the
clock generator 120 in some embodiments. Furthermore, in
other embodiments, the electrical circuit device 100 can
include a plurality of electrical circuit dies 130, which can
be vertically stacked (e.g., vertically connected with
through-silicon vias (TSVs)) and arranged in a single device
package. In still other embodiments, the electrical circuit
device 100 can include a plurality of dies 130 distributed
across multiple device packages and/or spread out along a
single carrier substrate.

[0012] The clock generator 120 produces a clock signal
(not shown) that is used to coordinate actions of electrical
circuits within the electrical circuit device 100. The clock
generator 120 transmits the clock signal to various compo-
nents of the electrical circuit device 100 via a clock tree
(partially shown). For example, in the embodiment illus-
trated in FIG. 1, the clock generator 120 sends the clock
signal to the controller 106 via a first clock branch 121 of the
clock tree. Similarly, the clock generator 120 sends the clock
signal to the electrical circuit die 130 via a second clock
branch 123 of the clock tree. As shown, the controller 106
and the electrical circuit die 130 include further clock
branches of the clock tree (e.g., clock branch(es) 122 and
clock branch(es) 124, respectively), which, in turn, distrib-
ute the clock signal to other electrical circuits located on the
controller 106 and/or on the electrical circuit dies 130,
respectively. In some embodiments, the clock generator 120
can be located on the electrical circuit die 130. In other
embodiments including a plurality of electrical circuit dies
130, the clock generator 120 can be located on a dedicated
electrical circuit die of the plurality of dies 130 or can be
distributed across multiple electrical circuit dies of the
plurality of dies 130. In still other embodiments, an electri-
cal circuit device 100 may not include a clock generator 120
or may include only a portion of the clock generator 120. For
example, the electrical circuit device 100 may instead rely
upon an externally supplied clock signal (e.g., provided by
an external host, or by a processor or controller separate
from the electrical circuit device). In other embodiments, the
clock signal can be partially generated and/or partially
supplied externally and partially generated and/or partially
supplied by circuitry located on the electrical circuit device
100.

[0013] The controller 106 can be a microcontroller, special
purpose logic circuitry (e.g., a field programmable gate array
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(FPGA), an application specific integrated circuit (ASIC),
etc.), or other suitable processor. The controller 106 can
include a processor 110 configured to execute instructions
stored in memory. In the illustrated example, the controller
106 also includes an embedded memory 112 configured to
store various processes, logic flows, and routines for con-
trolling operation of the electrical circuit device 100, includ-
ing managing the electrical circuit die 130 and handling
communications between the electrical circuit die 130 and
the host device 108. In some embodiments, the embedded
memory 112 can include memory registers storing, e.g.,
memory pointers, fetched data, etc. The embedded memory
112 can also include read-only memory (ROM) for storing
micro-code. While the exemplary electrical circuit device
100 illustrated in FIG. 1 includes a controller 106, in another
embodiment of the present technology, an electrical circuit
device may not include the controller 106, and may instead
rely upon external control (e.g., provided by an external
host, or by a processor or controller separate from the
electrical circuit device). In still other embodiments with a
plurality of electrical circuit dies 130, the controller 106 can
be integrated onto an individual electrical circuit die of the
plurality of dies 130 or can be distributed across multiple
electrical circuit dies of the plurality of dies 130.

[0014] The controller 106 communicates with the host
device 108 over a host-device interface 115. In some
embodiments, the host device 108 and the controller 106 can
communicate over a serial interface, such as a serial attached
SCSI (SAS), a serial AT attachment (SATA) interface, a
peripheral component interconnect express (PCle), or other
suitable interface (e.g., a parallel interface). The host device
108 can send various requests (in the form of] e.g., a packet
or stream of packets) to the controller 106. A request can
include a command to write, erase, return information,
and/or to perform a particular operation (e.g., a TRIM
operation).

[0015] In operation, the controller 106 can communicate
with (e.g., read, write, erase, or otherwise communicate
(e.g., transfer to or request from)) one or more integrated
circuits 126 located on the electrical circuit die 130 over a
communication line 117 (e.g., a data bus) in accordance with
a clock signal generated by the clock signal generator 120.
For example, in an embodiment in which integrated circuit
126 is a memory array, the controller 106 can read from
and/or write to groups of memory pages and/or memory
blocks of a memory region on the electrical circuit die 130.
[0016] The one or more integrated circuits 126 on the
electrical circuit die 130 can be configured to operate as
memory regions (e.g., NAND memory regions), logic gates,
timers, counters, latches, shift registers, microcontrollers,
microprocessors, field programmable gate arrays (FPGAs),
sensors, and/or other integrated circuitry. The electrical
circuit die 130 can also include other circuit components,
such as multiplexers, decoders, buffers, read/write drivers,
address registers, data out/data in registers, etc., for access-
ing and/or processing data and other functionality, such as
programming memory cells of a memory region and/or
communicating with the controller 106 (e.g., over commu-
nication line 117).

[0017] As discussed above, a clock signal (e.g., a single-
ended or differential clock signal) is generated by the clock
generator 120 and sent to various components of the elec-
trical circuit device 100 to coordinate actions of electrical
circuits (e.g., the controller 106 and/or the one or more
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integrated circuits 126 on the electrical circuit die 130)
and/or components of the electrical circuits within the
electrical circuit device 100. In accordance with the clock
signal, the electrical circuits within the electrical circuit
device 100 can be configured to process and/or transfer data
either once per full cycle (i.e., on the rising edge or the
falling edge) of the clock signal or twice per full cycle (i.e.,
as in double data rate (DDR) clock structures—once on the
rising edge and once on the falling edge) of the clock signal.

[0018] The clock signal can become distorted as it propa-
gates through the clock tree of the electrical circuit device
100. Common sources for this distortion include amplifiers
that make up the clock tree, large propagation distances
between amplifier stages of the clock tree, and/or parasitic
conductor capacitance of the branches of the clock tree.
Distortion can be introduced by sources located within an
electrical circuit die (e.g., the electrical circuit die 130)
and/or by sources located external to the electrical circuit
die. Thus, external and internal distortion can accumulate
within an electrical circuit die such that each electrical
circuit die can exhibit varying degrees of duty cycle distor-
tion of the clock signal. As noted above, duty cycle distor-
tion skews timing margins defined by the clock signal in
electrical circuit devices. As a result, distortion of the duty
cycle of a clock signal often results in electrical circuits of
the electrical circuit device having smaller timing windows
in which to process and/or transfer data, which could lead to
reduced pulse widths, data errors, and unreliable circuit
performance, especially as input/output speeds increase and
the cycle of the clock signal is reduced. For example, in
double data rate (DDR) clock structures where data is
processed and/or transferred on both the rising edge and the
falling edge of a clock signal, a 50% duty cycle is desired to
allow equal timing margins for each transfer and/or process
activation. However, distortion skews these timing margins,
meaning that the electrical circuit device 100 has a smaller
timing window in which to transfer and/or process data on
one side of the clock signal cycle. Thus, it is desirable to
mitigate duty cycle distortion within a clock signal, espe-
cially as input/output speeds increase.

[0019] FIG. 2 is a block diagram of an electrical circuit die
230 (e.g., a semiconductor die) having clock distortion
calibration circuitry 228 (e.g., clock distortion calibration
circuitry 128 of FIG. 1) in accordance with an embodiment
of the present technology. For example, the electrical circuit
die 230 can be the electrical circuit die 130 illustrated in
FIG. 1. As shown, the electrical circuit die 230 intakes an
external differential clock signal via inputs clkf and clkfn on
clock branch 223 (e.g., clock branch 123 of FIG. 1) of a
clock tree. Complementary voltage signals clkf and clkf n
are input through a respective input buffer 233 and 234,
through a differential multiplexer 235, and through routing
and buffer circuitry 236 of the electrical circuit die 230. At
this point, complementary voltage signals clk and clk_n
form one or more pd_dqs_pairs 237, which are routed to
other integrated circuitry 226 (e.g., integrated circuitry 126
of FIG. 1) of the electrical circuit die 230 via clock branch
(es) 224 (e.g., clock branch(es) 124 of FIG. 1) of the clock
tree. In other words, this point represents a common point
along the internal clock pathway of the electrical circuit die
230 that is a furthest distal point from the inputs clkf and
clkf n before the voltage signals clk and clk_n are branched
in multiple directions to other integrated circuitry 226.
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[0020] As illustrated in FIG. 2, the clock distortion cali-
bration circuitry 228 can sample the complementary voltage
signals clk and clk_n of the clock signal to calibrate the duty
cycle of each voltage signal clk and clk_n. More specifically,
the clock distortion calibration circuitry 228 passes the
voltage signals clk and clk_n through respective low pass
filters 241 and 242, which converts the voltage signals clk
and clk_n to direct current (dc) level (e.g., analog level)
representations of the duty cycles of the voltage signals clk
and clk_n. The comparator 243 converts the dc level rep-
resentations into digital signal representations, compares the
digital signal representations, and provides one or more
results of the comparison to the state machine 231. In some
embodiments, the comparator 243 can compare one or both
of the digital signal representations to other digital signal
representations corresponding to other dc level representa-
tions (e.g., predetermined dc level representations) supplied
to the comparator 243. The state machine 231 performs an
algorithm (e.g., a bisectional sweep algorithm, a binary
search, a linear or sequential search, etc.) to calculate and/or
adjust (e.g., using a lookup table) one or more trim values
(e.g., digital trim values), which are used to decrease the
duty cycle of the voltage signal with the larger duty cycle
and to increase the duty cycle of the voltage signal with the
smaller duty cycle. The trim value(s) are passed to biasing
circuitry 232, which converts the trim value(s) into biasing
voltage(s) and/or biasing current(s) that are fed into the
voltage signal clk and/or clk_n via corresponding input
buffers 233 and 234.

[0021] In some embodiments, the electrical circuit die 230
is configured to perform duty cycle calibration (DCC) using
the clock distortion calibration circuitry 228 when the elec-
trical circuit die 230 is powered on. For example, the
electrical circuit die can be configured to perform one or
more iterations of DCC as part of a boot sequence of an
electrical circuit device 100 containing the electrical circuit
die 230. While the electrical circuit die 230 remains in a
powered on state, however, the voltage of the clock signal
and/or the temperature of the electrical circuit die 230 can
vary over time. The varying voltages and temperatures can
introduce additional distortion into the duty cycle of the
clock signal (e.g., into the duty cycle of the complementary
voltage signal clk and/or clk_n) that was not present when
the electrical circuit die 230 was powered on. Thus, the
adjusted trim value(s) calculated during the DCC iteration(s)
performed while powering on the electrical circuit die 230
can become antiquated as the electrical circuit die 230
remains in the powered on state.

[0022] For this reason, the electrical circuit die 230 in
some embodiments can perform additional iterations of
DCC while the electrical circuit die 230 remains in the
powered on state. For example, a host device 108 and/or a
controller of the electrical circuit device 100 (e.g., controller
106) can direct the electrical circuit device 100 and/or the
electrical circuit die 230 to perform one or more iterations of
DCC after the electrical circuit device 100 and/or the
electrical circuit die 230 is powered on. The corresponding
commands and the additional iterations of DCC, however,
consume processing time and/or resources of the host device
108, the electrical circuit device 100, the electrical circuit
die 230, and/or the controller 106. Furthermore, these com-
mands and/or additional iterations of DCC temporarily
occupy the input/output channels on the electrical circuit
device 100. Moreover, there is no guarantee that enough
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clock signal is available for the DCC operation(s) to obtain
a meaningful calibration value, meaning that any processing
time and/or resources used during the additional iteration(s)
of DCC are wasted if a resulting calibration value is invalid.
[0023] To address this concern, the electrical circuit die
230 illustrated in FIG. 2 can additionally include read clock
and DCC condition detection circuitry 244 (“detection cir-
cuitry 244”) and DCC start, stop, and update control circuity
245 (“update control circuity 245”) to facilitate autonomous
DCC (e.g., as a background operation of the electrical circuit
device 100 and/or of the electrical circuit die 230). As
shown, the electrical circuit die 230 can be configured to
input a read enable signal re# and complementary voltage
signals clk and clk_n into the detection circuitry 244. The
read enable signal re# can indicate to the detection circuitry
244 when the electrical circuit device 100 and/or the elec-
trical circuit die 230 is in read mode (e.g., when the electrical
circuit die 230 is performing a read operation). For example,
a first state (e.g., a low or “0” state) of the read enable signal
re# can indicate to the detection circuitry 244 that the
electrical circuit device 100 and/or the electrical circuit die
230 is not in read mode, whereas a second state (e.g., a high
or “1” state) of the read enable signal re# can indicate that
the electrical circuit device 100 and/or the electrical circuit
die 230 is in read mode.

[0024] In these and other embodiments, the electrical
circuit die 230 can be configured to input an autonomous
DCC enable signal de# into the detection circuitry 244 in
addition to or in lieu of the read enable signal re#. The
autonomous DCC enable signal de# can enable and disable
autonomous DCC (e.g., when the DCC enable signal de# is
in a first state and a second state, respectively). For example,
the host device 108, the electrical circuit device 100, and/or
the electrical circuit die 230 can enable and/or disable
autonomous DCC through a set feature option or an MLBI
option of the electrical circuit die 230 using the autonomous
DCC enable signal de#. In some embodiments, the electrical
circuit device 100 and/or the electrical circuit die 230 can
disable short input/output pause operations while autono-
mous DCC is enabled to ensure the DCC calculates a valid
calibration value.

[0025] In operation, the detection circuitry 244 can be
configured to determine whether one or more DCC condi-
tions are met. For example, the detection circuitry 244 can
determine whether the electrical circuit device 100 and/or
the electrical circuit die 230 is in read mode using the read
enable signal re# and/or whether autonomous DCC is
enabled using the autonomous DCC enable signal de#. In
these and other embodiments, the detection circuitry 244 can
determine whether enough of the cock signal (e.g., enough
of the complementary voltage signal clk and clk_n) is
available to perform an iteration of DCC and/or to produce
a valid calibration value. For example, the detection cir-
cuitry 244 can determine whether there is a predetermined
duration (e.g., 2 us) of continuous read clocks. In these and
still other embodiments, the detection circuitry 244 can
determine whether there is a predetermined number of
cycles (e.g., 2,000 cycles, 4,000 cycles, etc.) of continuous
read clocks. If all or a subset of the DCC conditions are met,
the detection circuitry 244 can be configured to indicate the
DCC condition(s) are met via an enable signal en# output to
the update control circuitry 245.

[0026] The update control circuitry 245 is configured to
control the clock distortion calibration circuitry 228. For
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example, the update control circuitry 245 can be configured
to pause, freeze, and/or stop DCC when the detection
circuitry 244 indicates that one or more DCC conditions are
not met (e.g., when the enable signal en# is in a first state).
For example, the update control circuitry 245 can prevent
the clock distortion calibration circuitry 228 from updating
a calibration trim value if the read clock is interrupted (e.g.,
the electrical circuit device 100 and/or the electrical circuit
die 230 exit read mode) such that one or more DCC
conditions are not met. In these and other embodiments, the
update control circuitry 245 can start an iteration of DCC
and/or can permit the clock distortion calibration circuitry
228 to update the calibration trim value when the detection
circuitry 244 indicates that the DCC condition(s) are met
(e.g., when the enable signal en# is in a second state).

[0027] As described in greater detail below, the detection
circuitry 244 and/or the update control circuitry 245 can
direct the clock distortion calibration circuitry 228 to per-
form autonomous DCC as a background operation of the
electrical circuit device 100 and/or of the electrical circuit
die 230. For example, the detection circuitry 244 and/or the
update control circuitry 245 can be configured to direct the
clock distortion calibration circuitry 228 to perform an
iteration of DCC and/or to update the calibration trim value
while the electrical circuit device 100 and/or the electrical
circuit die 230 is idle. In these and other embodiments, the
detection circuitry 244 and/or the update control circuitry
245 can be configured to direct the clock distortion calibra-
tion circuitry 228 to perform an iteration of DCC and/or to
update the calibration trim value while the electrical circuit
device 100 and/or the electrical circuit die 230 are not in
read mode and/or during other operations (e.g., during write
operations) of the electrical circuit device 100 and/or of the
electrical circuit die 230.

[0028] In this manner, electrical circuit devices 100 and/or
electrical circuit dies 230 configured in accordance with
embodiments of the present technology are configured to
track and calibrate distortion in a clock signal (e.g., in
complementary voltage signals clk and clk_n) across various
voltages and/or temperatures while the electrical circuit
devices 100 and/or the electrical circuit dies 230 remain in
the powered on state. Furthermore, by enabling autonomous
DCC, the electrical circuit devices 100 and/or electrical
circuit dies 230 can perform DCC automatically and/or as
background operations, thereby minimizing and/or eliminat-
ing consumption of processing and/or channel input/output
time and/or resources required by additional DCC iterations
and/or corresponding commands. Moreover, by only per-
mitting additional DCC iterations and/or updates of the
calibration trim value when one or more DCC conditions are
met, the electrical circuit devices 100 and/or the electrical
circuit dies 230 ensure the validity of resulting DCC cali-
bration trim values, thereby justifying consumption of any
processing and/or channel input/output time and/or
resources by the additional iterations of DCC.

[0029] FIGS. 3A and 3B are flow diagrams illustrating a
routine 360 and a routine 370, respectively, directed to
methods of operating clock distortion calibration circuitry
(e.g., clock distortion calibration circuitry 128 and/or 228)
on an electrical circuit device (e.g., electrical circuit device
100) and/or on one or more electrical circuit dies (e.g.,
electrical circuit die 230) in accordance with embodiments
of the present technology. Referring to FIGS. 3A and 3B
together, the routines 360 and/or 370 can begin at blocks 361
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and 371, respectively, to perform duty cycle calibration
(DCC) upon powering on the electrical circuit device and/or
dies. For example, the routines 360 and/or 370 can perform
DCC as part of a boot sequence of the electrical circuit
device.

[0030] Alternatively, the routines 360 and/or 370 can
begin at blocks 362 and 372, respectively. At blocks 362 and
372, the routines 360 and 370, respectively, can enable
autonomous DCC. In some embodiments, the routines 360
and 370 can automatically enable autonomous DCC (e.g.,
upon powering on the electrical circuit device and/or as part
of a boot sequence of the electrical circuit device). In other
embodiments, the routines 360 and/or 370 can enable
autonomous DCC at the direction of an electrical circuit
device controller (e.g., controller 106 of electrical circuit
device 100), at the direction of an electrical circuit die
controller (e.g., a controller located on electrical circuit dies
130 and/or 230), and/or at the direction of a host device (e.g.,
the host device 108). For example, the routines 360 and/or
370 can enable autonomous DCC at the direction of a
command (e.g., a vendor specific (VS) command) received
from the electrical circuit device controller, the electrical
circuit die controller, and/or the host device. In these and
other embodiments, the routines 360 and/or 370 can enable
autonomous DCC through a set feature option and/or an
MLBI option. In these and other embodiments, the routines
360 and/or 370 can disable short input/output pause opera-
tions while autonomous duty cycle calibration is enabled. At
block 362 (FIG. 3A), the routine 360 sets linear (e.g.,
sequential) search as the search method of the autonomous
DCC (e.g., in response to the command, the VS command,
the set feature option selection, and/or the MLBi option
selection). At block 372 (FIG. 3B), in contrast, the routine
370 sets binary search as the search method of the autono-
mous DCC (e.g., in response to the command, the VS
command, the set feature option selection, and/or the MLBi
option selection).

[0031] At blocks 363 and 373, the routines 360 and 370,
respectively, determine whether autonomous DCC condi-
tions are met at block 363. In some embodiments, the
routines 360 and/or 370 can set the autonomous DCC
conditions during manufacture and/or testing of the electri-
cal circuit device. In these and other embodiments, the
routines 360 and/or 370 can set and/or alter the autonomous
DCC conditions in an end-user device (e.g., in response to
a VS command). In some embodiments, one DCC condition
can be a predetermined duration of continuous read clocks.
For example, the routines 360 and/or 370 can use read clock
and DCC detection circuitry of the clock distortion calibra-
tion circuitry to determine whether there is 2 ps of continu-
ous read clocks. In these and other embodiments, an autono-
mous DCC condition can be a predetermined number of
cycles of continuous read clocks. For example, the routine
360 and/or 370 can use the read clock and DCC detection
circuitry to determine whether there has been at least 2,000
cycles of continuous read clocks. In these and still other
embodiments, DCC conditions can be whether the electrical
circuit device and/or the electrical circuit die are in read
mode (e.g., as indicated by a read enable signal re#) and/or
whether autonomous DCC is enabled (e.g., as indicated by
an autonomous DCC enable signal de#).

[0032] Ifthe routines 360 and/or 370 determine that one or
more autonomous DCC conditions are met, the routines 360
and/or 370 can proceed to blocks 364 and 374, respectively,
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to perform duty cycle calibration. In some embodiments, the
routines 360 and/or 370 can set whether all or a subset (e.g.,
one or more) of the autonomous DCC conditions must be
met before the routines 360 and/or 370 can proceed to blocks
364 and/or 374, respectively. On the other hand, if the
routines 360 and/or 370 determine that one or more autono-
mous DCC conditions have not been met, the routines 360
and/or 370 do not proceed blocks 364 and/or 374, respec-
tively, but wait (e.g., pause or freeze the autonomous DCC)
until the DCC conditions are met.

[0033] Referring to FIG. 3A, the routine 360 can perform
one iteration of duty cycle calibration (DCC) using a linear
search method. In some embodiments, the routine 360 can
sample the duty cycle(s) of the clock signal (e.g., of com-
plimentary voltage signals clk and clk_n) and can compare
the duty cycle(s) to one another and/or to a value (e.g., a
predetermined voltage value and/or a value equivalent to a
50% duty cycle). Based on the comparison, the routine 360
can proceed to block 365 to update a trim level (e.g., stored
on a state machine of the clock distortion calibration cir-
cuitry). For example, the routine 360 can increment or
decrement (e.g., a least significant bit of) the trim level based
on a result of the comparison. In some embodiments, the
routine 360 can update the trim level at block 365 each time
the routine 360 performs duty cycle calibration at block 364.
[0034] In these and other embodiments, the routine 360
can perform duty cycle calibration (block 364) and/or update
the trim level (block 365) as a background operation of the
electrical circuit device. For example, the routine 360 can
perform duty cycle calibration and/or update the trim value
while the electrical circuit device is idle and/or outside of the
active read time of the electrical circuit device. In this
manner, the routine 360 does not consume processing time
and/or resources (e.g., of the electrical circuit device con-
troller) and does not consume channel input/output time
(e.g., of the electrical circuit die). After the routine 360
performs one iteration of DCC (block 364) and updates the
trim level (block 365), the routine 360 can return to block
363 to determine whether the DCC conditions are met such
that the routine 360 can perform a next iteration of DCC.

[0035] Referring to FIG. 3B, the routine 370 can perform
duty cycle calibration (DCC) to execute one step of a binary
search method. In some embodiments, the routine 370 can
sample the duty cycle(s) of the clock signal (e.g., of com-
plimentary voltage signals clk and clk_n) and can compare
the duty cycle(s) to one another and/or to a value (e.g., a
predetermined voltage value and/or a value equivalent to a
50% duty cycle). Based on the comparison, the routine 370
can increment and/or decrement (e.g., a most significant bit
of) a trim level (e.g., stored on a state machine of the clock
distortion calibration circuitry).

[0036] In contrast with the routine 360, however, the
routine 370 checks whether all steps of the binary search
have been completed before proceeding to update the trim
level at block 376. If the routine 370 determines that all steps
of the binary search have not been completed, the routine
370 can return to block 373 to determine whether the DCC
conditions are met such that the routine 370 can perform a
next iteration of DCC as a next step of the binary search. On
the other hand, if the routine 370 determines that all steps of
the binary search have been completed, the routine 370 can
proceed to block 376 to update the trim level (e.g., stored on
the state machine). In some embodiments, the routine 370
can update the trim level one least significant bit at a time
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such that the trim level is updated over several update
operations. In other embodiments, the routine 370 can
update the trim level all at once in a single update operation.

[0037] Similar to the routine 360, the routine 370 can
perform duty cycle calibration (block 374), can determine
whether all steps of the binary search have been completed
(block 375), and/or can update the trim level (block 376) as
background operations of the electrical circuit device. For
example, the routine 370 can perform duty cycle calibration,
check whether all steps of the binary search are complete,
and/or update the trim value while the electrical circuit
device is idle and/or outside of the active read time of the
electrical circuit device. In this manner, the routine 370 does
not consume processing time and/or resources (e.g., of the
electrical circuit device controller) and does not consume
channel input/output time (e.g., of the electrical circuit die).
After the routine 370 performs one iteration of DCC (block
374), determines that all steps of the binary search have been
completed (block 375), and updates the trim level (block
376), the routine 370 can return to block 373 to determine
whether the DCC conditions are met such that the routine
370 can perform a first step of a next binary search in a next
iteration of DCC.

[0038] Although the steps of the routines 360 and 370 are
discussed and illustrated in a particular order, the methods
illustrated by the routines 360 and 370 in FIGS. 3A and 3B,
respectively, are not so limited. In other embodiments, the
methods can be performed in a different order. In these and
other embodiments, any of the steps of the routines 360
and/or 370 can be performed before, during, and/or after any
of the other steps of the routines 360 and/or 370. Moreover,
a person of ordinary skill in the relevant art will readily
recognize that the illustrated methods can be altered and still
remain within these and other embodiments of the present
technology. For example, one or more steps of the routines
360 and/or 370 illustrated in FIGS. 3A and 3B, respectively,
can be omitted and/or repeated in some embodiments.

[0039] FIG. 4 is a schematic view of a system 490 that
includes an electrical circuit device in accordance with
embodiments of the present technology. Any one of the
foregoing electrical circuit devices described above with
reference to FIGS. 1-3B can be incorporated into any of a
myriad of larger and/or more complex systems, a represen-
tative example of which is the system 490 shown schemati-
cally in FIG. 4. The system 490 can include an electrical
circuit device assembly 400, a power source 492, a driver
494, a processor 496, and/or other subsystems and compo-
nents 498. The electrical circuit device assembly 400 can
include features generally similar to those of the electrical
circuit device described above with reference to FIGS. 1-3B,
and can, therefore, include various features of clock distor-
tion calibration. The resulting system 490 can perform any
of'a wide variety of functions, such as memory storage, data
processing, and/or other suitable functions. Accordingly,
representative systems 490 can include, without limitation,
hand-held devices (e.g., mobile phones, tablets, digital read-
ers, and digital audio players), computers, vehicles, appli-
ances, and other products. Components of the system 490
may be housed in a single unit or distributed over multiple,
interconnected units (e.g., through a communications net-
work). The components of the system 490 can also include
remote devices and any of a wide variety of computer
readable media.
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[0040] The above detailed descriptions of embodiments of
the technology are not intended to be exhaustive or to limit
the technology to the precise form disclosed above.
Although specific embodiments of, and examples for, the
technology are described above for illustrative purposes,
various equivalent modifications are possible within the
scope of the technology as those of ordinary skill in the
relevant art will recognize. For example, although steps are
presented in a given order, alternative embodiments may
perform steps in a different order. The various embodiments
described herein may also be combined to provide further
embodiments.

[0041] From the foregoing, it will be appreciated that
specific embodiments of the technology have been described
herein for purposes of illustration, but well-known structures
and functions have not been shown or described in detail to
avoid unnecessarily obscuring the description of the
embodiments of the technology. Where the context permits,
singular or plural terms may also include the plural or
singular term, respectively. Moreover, unless the word “or”
is expressly limited to mean only a single item exclusive
from the other items in reference to a list of two or more
items, then the use of “or” in such a list is to be interpreted
as including (a) any single item in the list, (b) all of the items
in the list, or (c¢) any combination of the items in the list.
Additionally, the terms “comprising,” “including,” “hav-
ing,” and “with” are used throughout to mean including at
least the recited feature(s) such that any greater number of
the same feature and/or additional types of other features are
not precluded.

[0042] From the foregoing, it will also be appreciated that
various modifications may be made without deviating from
the disclosure. For example, one of ordinary skill in the art
will understand that various components of the technology
can be further divided into subcomponents, or that various
components and functions of the technology may be com-
bined and integrated. In addition, certain aspects of the
technology described in the context of particular embodi-
ments may also be combined or eliminated in other embodi-
ments. Furthermore, although advantages associated with
certain embodiments of the new technology have been
described in the context of those embodiments, other
embodiments may also exhibit such advantages and not all
embodiments need necessarily exhibit such advantages to
fall within the scope of the technology. Accordingly, the
disclosure and associated technology can encompass other
embodiments not expressly shown or described.

We claim:

1. A semiconductor device comprising clock distortion
calibration circuitry configured to:

determine when one or more duty cycle calibration (DCC)

conditions are met; and

when the one or more DCC conditions are met, adjust a

trim value associated with at least one of first and
second duty cycles of first and second voltage signals,
respectively.

2. The semiconductor device of claim 1, wherein the clock
distortion calibration circuitry is further configured to cali-
brate at least one of the first and the second duty cycles of
the first and the second voltage signals using the adjusted
trim value.

3. The semiconductor device of claim 2, wherein the clock
distortion calibration circuitry is configured to calibrate the
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at least one of the first and the second duty cycles using the
adjusted trim value only when all steps of a binary search are
complete.

4. The semiconductor device of claim 2, wherein the clock
distortion calibration circuitry is configured to adjust the
trim value and/or to calibrate the at least one of the first and
the second duty cycles as a background operation of the
semiconductor device, while the semiconductor device is
idle, and/or while the semiconductor device is outside of
read mode.

5. The semiconductor device of claim 2, wherein the clock
distortion calibration circuitry is further configured to auto-
matically determine when one or more DCC conditions are
met, adjust the trim value, and/or calibrate the at least one of
the first and the second duty cycles.

6. The semiconductor device of claim 1, wherein the clock
distortion calibration circuitry is further configured to dis-
able short input/output pause operations of the semiconduc-
tor device.

7. The semiconductor device of claim 2, wherein the clock
distortion calibration circuitry is further configured to stop
and/or pause adjustment of the trim value and/or calibration
of the at least one of the first and the second duty cycles
when the one or more DCC conditions are not met.

8. The semiconductor device of claim 1, wherein the one
or more DCC conditions include at least one of the semi-
conductor device in read mode and autonomous DCC
enabled.

9. The semiconductor device of claim 1, wherein the one
or more DCC conditions include at least one of a predeter-
mined duration of continuous read clocks and a predeter-
mined number of cycles of continuous read clocks.

10. The semiconductor device of claim 2, wherein the
clock distortion calibration circuitry is further configured to
adjust the trim value and/or calibrate the at least one of the
first and the second duty cycles when the semiconductor
device is powered on.

11. A method, comprising:

determining when one or more duty cycle calibration

(DCC) conditions are met; and

adjusting a trim value using a linear search when the one

or more DCC conditions are met, wherein the trim
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value is associated with at least one of first and second
duty cycles of first and second voltage signals, respec-
tively.
12. The method of claim 11 further comprising calibrating
at least one of the first and the second duty cycles of the first
and the second voltage signals using the adjusted trim value.
13. The method of claim 12 further comprising enabling
autonomous DCC such that (1) the determining includes
automatically determining when one or more DCC condi-
tions are met and (2) the adjusting and the calibrating
include adjusting the trim value and calibrating the at least
one of the first and the second duty cycles, respectively, as
background operations.
14. The method of claim 11, wherein adjusting the trim
value includes updating a least significant bit of the trim
value.
15. The method of claim 11 further comprising disabling
short input/output pause operations.
16. A method, comprising:
determining when one or more duty cycle calibration
(DCC) conditions are met; and

adjusting a trim value using a binary search when the one
or more DCC conditions are met, wherein the trim
value is associated with at least one of first and second
duty cycles of first and second voltage signals, respec-
tively.

17. The method of claim 16 further comprising calibrating
at least one of the first and the second duty cycles of the first
and the second voltage signals using the adjusted trim value
only when all steps of the binary search are complete.

18. The method of claim 17 further comprising enabling
autonomous DCC such that (1) the determining includes
automatically determining when one or more DCC condi-
tions are met and (2) the adjusting and the calibrating
include adjusting the trim value and calibrating the at least
one of the first and the second duty cycles, respectively, as
background operations.

19. The method of claim 16 wherein adjusting the trim
value includes updating a least significant bit of the trim
value over at least two update operations.

20. The method of claim 16, wherein the adjusting the
trim value includes updating a most significant bit of the trim
value over a single update operation.
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