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(57) Abstract: Example circuitry to adjust a rise-fall skew in a signal includes: a latch including a first latch input, a second latch input,
and a latch output, each of the first latch input and the second latch input being responsive to a rising edge of a version of a signal
to provide a predefined logic level at the latch output; a first delay circuit that is controllable to configure a first delay, the first delay
circuit being electrically connected to the first latch input and being for adjusting a rise portion of a skew in a first version of the signal;
and a second delay circuit that is controllable to configure a second delay, the second delay circuit being electrically connected to the
second latch input and being for adjusting a fall portion of the skew in a second version the signal.
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ADJUSTING SIGNAL TIMING

TECHNICAL FIELD
This specification relates generally to circuitry that is usable to adjust signal

timing, e.g., to reduce skew in the signal.

BACKGROUND
In some contexts, skew refers to the difference between an expected timing of a
signal and an actual timing of the signal. Rising edge skew is the distortion of a signal
pulse resulting from a delay in the rising edge of the signal; falling edge skew is the
distortion of a signal pulse resulting from delay in the falling edge of the signal; and
rise/fall skew (RFS) is the distortion of a signal pulse resulting from delays in both the

rising edge of the signal and the falling edge of the signal.

SUMMARY

Example circuitry to adjust a rise-fall skew in a signal comprises: a latch
comprising a first latch input, a second latch input, and a latch output, with each of the
first latch input and the second latch input being responsive to a rising edge of a version
of a signal to provide a predefined logic level at the latch output; a first delay circuit that
is controllable to configure a first delay, with the first delay circuit being electrically
connected to the first latch input and being for adjusting a rise portion of a skew in a first
version of the signal; and a second delay circuit that is controllable to configure a
second delay, with the second delay circuit being electrically connected to the second
latch input and being for adjusting a fall portion of the skew in a second version the
signal. The example circuitry may comprise one or more of the following, either alone
or in combination.

The latch may comprise a set-reset (SR) latch. The latch may comprise an SR
latch in which an output of the latch follows a last asserted input to the latch. The first
latch input may be a set input, and the second latch input is a reset input. An output of
the latch may follow a last asserted input to the latch in an event of overlap of the set

input and the reset input. The first delay and the second delay may be configurable
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independently. The first version of the signal may be an a non-inverted version of the
signal, and the second version of the signal may be an inverted version of the signal.

The example circuitry may comprise: a first circuit path comprising the first delay
circuit; and a second circuit path comprising the second delay circuit, with the first circuit
path and the second circuit path being connected to a common node, and with the
common node being configured to receive the signal. The first delay circuit may
comprise a first circuit input and the second delay circuit may comprise a second circuit
input, with the second circuit path comprising an inverter circuit electrically connected
between the common node and the second circuit input. The first version of the signal
may be a non-inverted version of the signal and a second version of signal may be an
inverted version of input signal, with the inverted version of the signal being produced
by passage of the signal through the inverter circuit. The first delay circuit may
comprise a first circuit input and the second delay circuit may comprise a second circuit
input, with the first circuit input and the second circuit input being electrically connected
to the common node and being configured so that the first version of the signal
comprises a non-inverted version of the signal and the second version of the signal
comprises an inverted version of the signal. The first circuit input and the second circuit
input may each be configured to receive a differential signal that is based on the signal.

The first delay may be different from the second delay, with the first delay being
to adjust timing of a first edge of a signal pulse of the first version of the signal and the
second delay being to adjust timing of a second edge of a signal pulse of the second
version of the signal. Adjusting the timing of the first edge may comprise adding the first
delay to the first edge, and adjusting the timing of the second edge may comprise
adding the second delay to the second edge. The latch may be configured so that the
predefined logic level at the latch output follows a latest asserted input to the first latch
input or second latch input. The latest asserted input may comprise the rising edge of
the signal.

An example method to adjust a rise-fall skew in a signal comprises: controlling a
first delay of a first version of a signal based on a first skew to produce a first delayed
signal; controlling a second delay of a second version of the signal based on a second
skew to produce a second delayed signal; and using the first delayed signal and the
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second delayed signal to produce an output signal having one or more features that are
adjusted in time. The example method may comprise one or more of the following,
either alone or in combination.

The one or more features may comprise a rising edge of a pulse in the signal and
a falling edge of the pulse. In the output signal, the rising edge may be moved forward
by the first delay and the falling edge may be moved forward by the second delay. The
first skew may be associated with a rising edge of the signal and the second skew may
be associated with a falling edge of the signal, with the first skew and the second skew
affecting a pulse-width of the signal relative to a pulse-width of an original signal upon
which the signal is based. The one or more features of the output signal may be
adjusted in time so that a rising edge of the output signal and a falling edge of the
output signal produces a pulse-width that corresponds to the pulse-width of the original
signal. The rising edge of the output signal and the falling edge of the output signal may
produce a pulse-width that equals the pulse-width of the original signal. The rising edge
of the output signal and the falling edge of the output signal may produce a pulse-width
that deviates by less than a predetermined amount from the pulse-width of the original
signal.

The example method may be performed using circuitry on a path of the signal,
with the circuitry being configured to adjust the rise-fall skew. The first skew may take
into account rising edge skew that occurs on the signal path between two reference
points that are located before and after the circuitry, and the second skew may take into
account falling edge skew that occurs on the signal path between the two reference
points that are located before and after the circuitry. The one or more features of the
output signal may be adjusted in time so that a rising edge of the output signal and a
falling edge of the output signal produces a pulse-width that is adjusted to correct for the
rising edge skew and the falling edge skew.

The example method may be performed using circuitry on a path of the signal,
with the circuitry being configured to adjust the rise-fall skew. The first skew may take
into account rising edge skew that occurs on the signal path between two reference
points that are located before and after the circuitry, and the second skew may take into
account falling edge skew that occurs on the signal path between the two reference
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points that are located before and after the circuitry. The one or more features of the
output signal may be adjusted in time so that a rising edge of the output signal and a
falling edge of the output signal produces a pulse-width having a predefined amount of
skew based on adjustment to the rising edge skew and the falling edge skew.

The first version of the signal may be an non-inverted version of the signal and
the second version of the signal may be an inverted version of the signal.

Controlling the first delay may comprise configuring a first delay circuit through
which the first version of the signal passes. Controlling the second delay may comprise
configuring a second delay circuit through which the second version of the signal
passes. Using the first delayed signal and the second delayed signal to produce the
output signal may comprise applying the first delayed signal to a first latch input of a
latch, and applying the second delayed signal to a second latch input of the latch, with
each of the first latch input and the second latch input being responsive to a rising edge
of a signal to provide a predefined logic level at a latch output of the latch.

The latch may be configured so that the predefined logic level at the latch output
follows a latest asserted input to the first latch input or second latch input. The first
delay may be different from the second delay because the first skew is different from the
second skew. The one or more features that are adjusted in time may be signal edges.
The signal edges may be adjusted at a precision level measured in picoseconds.

Any two or more of the features described in this specification, including in this
summary section, can be combined to form implementations not specifically described
herein.

The systems and techniques described herein, or portions thereof, can be
implemented as/controlled by a computer program product that includes instructions
that are stored on one or more non-transitory machine-readable storage media, and that
are executable on one or more processing devices to control (e.g., coordinate) the
operations described herein. The systems and techniques described herein, or portions
thereof, can be implemented as an apparatus, method, or electronic system that can
include one or more processing devices and memory to store executable instructions to

implement various operations.
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The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of parts of example circuitry that is configurable to
adjust timing of a signal, e.g., to reduce skew.

Fig. 2 includes timing diagrams showing example inputs to the circuitry of Fig. 1,
and an example output of the circuitry of Fig. 1.

Fig. 3 is a flowchart of an example process that may be implemented by the
circuitry of Fig. 1 to adjust signal timing.

Fig. 4 is a block diagram of parts of example automatic test equipment (ATE) that
may include circuit paths that are controllable to reduce skew.

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION

Described herein are examples of circuitry to adjust timing of a signal. For
example the circuitry may be able to correct for a rise-fall skew (RFS) in a signal.
Although the examples presented discuss correcting for RFS, the example circuitry may
also be used to adjust signal timing to correct for rising edge skew only or falling edge
skew only, or to correct for other appropriate type(s) of timing errors. As noted, RFS is
the distortion of a signal pulse resulting from delays in both the rising edge of the signal
and the falling edge of the signal. An example of the circuitry includes a latch, such as
the set-reset (SR) latch 5 described with respect to Fig. 1. This example latch includes
a first latch input, a second latch input, and a latch output, The first latch input and the
second latch input are each responsive to a rising edge of a signal to provide a
predefined logic level, such as a logic high (or “one”) or a logic low (or “zero”), at the
latch output. In this example, latch 5 is not responsive to other features of the signal,
such as a falling edge of the signal; however, in some implementations, different types

of latches that are responsive to different signal features may be used.
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The example circuitry also includes controllable delay circuits — one delay circuit
connected to each latch input in some implementations — for providing signals to the
latch inputs. For example, as described below, the delay circuits may be electrically
connected to a common input node, and connected, at their outputs, to their respective
latch inputs. In some implementations, the delay circuits include a first delay circuit that
is controllable to configure a first delay, and a second delay circuit that is controllable to
configure a second delay. The second delay may be independent of the first delay and
may be different than the first delay. The second delay may be independent of the first
delay and may be the same as the first delay in some implementations (e.g., where
there is no skew to be corrected). In this example, the first delay circuit is electrically
connected to the first latch input and is for adjusting the delay in a first version of a
signal (e.g., a non-inverted version of the signal) to produce a first delayed signal input
to the latch. In this example, the second delay circuit is electrically connected to the
second latch input and is for adjusting the delay in a second version of the signal (e.g.,
an inverted version of the signal) to produce a second delayed signal input to the latch.

RFS may be reduced, in some implementations, by controlling the magnitude of
the first delay and/or by controlling the magnitude of the second delay. The resulting
delayed signals control the latch to produce an output signal having one or more
features (e.g., edges) that are adjusted in time. For example, in some implementations,
a signal — also referred to as the input signal — may have been subjected to RFS by
passage through one or more circuit elements, including, e.g., on- or off-chip buffers.
As a result, the pulse-width of the input signal may be different than an intended pulse-
width. Using the circuitry described herein, one or both of the first delay or the second
delay may be controlled, e.g., programmed, to cure this skew, at least partially. For
example, the first delay may be controlled to change a rising edge signal timing and the
second delay may be controlled to change a falling signal edge timing. By changing
one or both timings, the pulse-width of the input signal may be changed, e.g., corrected,
to produce an intended pulse-width. This correction of the pulse-width is a type of RFS
deskewing.

Fig. 1 shows an example implementation of RFS deskew circuitry 8. Circuitry 8
includes a set-reset (SR) latch 5 in this example. In some implementations, other types
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of latch or delay-controlling circuitry may be used. Latch 5 responds to S(et) and
R(eset) input pulses to provide a signal at an output Q 9. For example, the rising edge
of a logic high signal on the S input 10 causes a transition to a logic high signal at
output Q 9. Likewise, the rising edge of a logic high signal at the R input 11 causes a
transition to a logic low signal at output Q 9. Accordingly, in this example, latch 5
includes SRM-type latch functionality, where “M” refers to memory. In an SRM latch,
the state at output Q is determined by a last incoming rising edge on either the S input
or the R input. The actual S and R pulses can have any appropriate widths, and they
can even overlap, at least partially, without adversely affecting the operation of the SRM
latch. So, in an example, an incoming rising edge on the S input produces a logic high
at output Q, and an incoming rising edge input on the R input produces a logic low at
output Q. In some implementations, changes to states of signals at the S and R inputs
that do not include a rising edge do not affect the value at output Q 9.

For a non-SRM latch, S and R values that overlap — e.g., that are simultaneously
high — may produce an indeterminate output result. That is not the case with an SRM
latch, since an SRM latch changes the output signal state in response to rising edges,
not input logic states per se. Thus, the SRM latch allows set and reset to be
simultaneously high, e.g., S and R pulses may overlap. Rather than the output being
indeterminate or assuming a default state, the output follows the last asserted input: if
S comes after R, the latch sets; if R comes after S, the latch resets.

Circuitry 8 also includes controllable delay circuits 14 (R delay) and 15 (S delay).
These controllable delay circuits may include any appropriate programmable circuitry
including, but not limited to, buffers and/or logic circuits. In some implementations each
of delay circuits 14 and 15 may be implemented using the same types of circuits. In
some implementations, each of delay circuits 14 and 15 may be implemented using
different types of circuits. In Fig. 1, delay circuit 14 has an inverter 16 at its input. Any
appropriate circuitry may be used to implement the inverter. In operation, inverter 16
produces an inverse of an input signal (“IN”) 18, and provides that inverted version of
the input signal to delay circuit 14, causing delay circuit 14 to delay the inverted version

of the input signal IN and not the original (non-inverted) version of the input signal IN.
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In the example of Fig. 1, the inputs of controllable delay circuits 14 and 15 are
electrically connected to a common circuit point or node 20. In the example of Fig. 1, in
the case of controllable delay circuit 14, inverter 16 is between the input of controllable
delay circuit 14 and the common node 20. Common node 20 receives input signal IN
18, which thereafter proceeds towards each of controllable delay circuits 14 and 15.
Controllable delay circuit 15 thus receives a non-inverted version of that input signal,
delays the non-inverted version of that input signal, and outputs a delayed signal to the
S input 10 of latch 5. Controllable delay circuit 14 receives an inverted version of that
input signal (since the input signal passes first through inverter 16), delays the inverted
version of that input signal, and outputs a delayed signal to the R input 11 of latch 5.

In this example, the input signal IN received at common node 20 has been
subjected to skew — in this example RFS (although the skew may be rising or falling
edge skew only) — by passage through one or more example circuit elements 21, such
as, on- and off-chip distribution/buffering circuitry. That is, the RFS occurs between two
reference points — one before circuit elements 21 and one after circuit elements 21.
Any circuit elements, delay lines, combination of circuit elements and delay lines, or the
like may produce the RFS. The input signal IN is thus a distorted version of its original
signal (“INX") 22, which passed through one or more circuit elements 21 and suffered
from the RFS, resulting in the input signal IN. For example, the pulse-width of IN may
be different than the pulse-width of INX (the pulse-width of INX is used herein as an
example intended pulse-width). Circuitry 8 may be used to adjust the pulse-width of IN,
e.g., to deskew IN, so that the signal at output 9 resembles INX. For example, circuitry
8 may be used to correct the pulse-width of IN so that the signal at output 9 has the
same shape, including pulse-width, as INX. In some implementations, circuitry 8 may
program or change the skew of IN to any appropriate or desired skew, and the signal at
output 9 may, or may not, have the same shape as INX. In some implementations,
circuitry 8 may program or change the skew of IN so that the signal at output 9 has less
than a predetermined amount of skew relative to INX. In the example that follows, the
signal at output 9 (*OUT”) is produced to have the same pulse-width as INX, or the

same pulse-width as INX within an acceptable predefined tolerance. In some
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implementations, that tolerance may be on the order of single picoseconds (ps). In
some implementations, that tolerance may exceed single picoseconds.

Referring also to Fig. 2, INX 22 and IN 18 are separated by one or more circuit
elements 21 (which may be, e.g., signal buffers) that causes delays for both the rising
and falling signal edges of INX. These two delays may not be equal. In some
implementations, example delays may be on the order of several nanoseconds (ns),
and the difference between the rising and falling edge delay, or RFS skew, may be
around 100 picoseconds (ps). As aresult, in Fig. 2, signal INX 22 has a pulse-width
PW and signal IN 18 has a different pulse-width PW. The difference in pulse-widths is
a result of the RFS caused by passage of INX through one or more circuit elements 21.

During operation of circuitry 8, both rising edge delay (“S delay” of controllable
delay circuit 15) and falling edge delay (“R delay” of controllable delay circuit 14) are
controlled (e.g., programmed) to be predefined values (e.g., to predefined minimum
values) to produce, respectively signals S 24 and R 26 at their outputs. During
calibration, it is determined whether the rising edge 27 or the falling edge 28 of INX 22
has been more delayed by the signal path imperfections of one or more circuit elements
21 In the example of Fig. 2 the falling edge delay tx,fall is greater than the rising edge
delay tx,rise. Accordingly, in this example, in circuitry 8, the RFS falling edge delay (‘R
delay”) trfd,reset is controlled (e.g., programmed) to remain at a predefined minimum
value and the RFS rising edge delay (“S delay”) trfd,set is controlled (e.g., programmed)
to a value to compensate (e.g., within an appropriate step resolution) for the skew from
IN to INX. For example, trfd,set is programmed to a value that produces a pulse-width
at output (OUT Q) 9 of PW. The programming described herein may be performed by
any appropriate computing systems such as the computer of Fig. 4, one or more
processing devices, control circuitry, or the like, e.g., in response to measured skew or
user input.

The operation of SRM latch enables the foregoing operation, in this example.
For example, a rising edge 29 of S 25 triggers a rising edge 30 at output Q 9, and
includes a set delay 31 for passage through latch 5. A falling edge 37 at the R input
does not affect operation of latch 5, and therefore, does not affect the signal at output Q
9. This edge is therefore labeled “don’t care” Likewise, a falling edge 32 at of S 25
9
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does not does not affect operation of latch 5, and therefore, does not affect output Q 9.
Accordingly, falling edge 32 is labeled “don’t care”. A rising edge 34 of R 26 triggers a
falling edge 35 at output Q 9. and includes a set delay 36 for passage through latch 5.
The values for trfd,set and trfd,reset may be controlled, as described above, to produce
a pulse-width PW of the signal at output 9 (OUT) that is the same as, or within a range
of, the pulse-width of INX 22. As noted above, the values for trfd,set and trfd,reset may
be controlled to produce any appropriate pulse-width at output Q 9, and are not limited
to replicating the pulse-width of INX. Furthermore, the values for trfd,set and trfd,reset
may be controlled to correct for RFS, rising edge skew only, or falling edge skew only.
In some implementations, one of trfd,set or trfd,reset will not need to be adjusted. For
example, one value may stay at the predefined minimum value, while the other value is
adjusted. In some implementations, both trfd,set and trfd,reset may be adjusted.

Fig. 3 shows an example of a process 40 that may be implemented using
circuitry 8 of Fig. 1. According to process 40, a first delay of a first version of a signal is
controlled (41) based on a first skew to produce a first delayed signal. For example, the
first version of the signal may be a non-inverted version of IN 18. The S delay may be
controlled to be at a minimum value or other value to produce a delayed input signal to
the S input of latch 5 that is based on the non-inverted version of IN 18. A second delay
of a second version of the signal is controlled (42) based on a second skew to produce
a second delayed signal. For example, the second version of the signal may be the
inverted version of IN 18 produced by inverter 16. The R delay may be controlled to be
at a minimum value or other value to produce a delayed input signal to the R input of
latch 5 that is based on the inverted version of IN 18. The first delayed signal and the
second delayed signal control latch 5 to produce (43) an output signal at output Q 9
having one or more features that are adjusted in time. For example, as shown with
respect to Fig. 2, the rising edges of the S and R inputs to latch 5 may control latch 5 to
produce an output having a desired pulse-width or other appropriate feature. For
example, the pulse-width at output Q 9 may be the same as the pulse-width of the INX
signal 22, which has not been subjected to RFS. In some implementations, the pulse-
width at output Q 9 may deviate by less than a predetermined amount from the pulse-
width of INX signal 22. This is a recognition that, in some implementations, it may not

10
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be possible to eliminate all skew entirely, but rather skew may be reduced to below
some predefined acceptable level.

In some implementations, a strobe delay to a measurement device at output 9
can be adjusted to compensate for an overall delay. In some implementations, this
delay may be adjusted to be correct for the falling edge with trfd,reset at minimum.
After this, trfd,set may be increased until the rising edge is also calibrated.

In circuit paths that employ differential circuits, inverter 16 need not be employed.
In implementations of this type, the inversion can be implemented simply by flipping the
role of positive and negative polarity wires in a circuit path. Accordingly, in some
implementations, inverting the signals in the circuit path (e.g., as an input to delay
element 14) is performed by switching wire paths of differential signals used in the
circuit path. Note that in the differential case, signal lines in Fig. 1, for example,
represent two actual wires, one for the positive voltage and one for the negative voltage
of the signal (the signal is then, by definition, the difference of these two voltages).

In some implementations, the techniques and processes described herein may
be used in the context of timing generator analog circuity that includes delay lines (e.g.,
circuit paths). Modern CMOS (complementary metal-oxide-semiconductor) fabrication
processes may lead to device-mismatch-induced unintended pulse-width variation that
may be corrected using the techniques and processes described herein. In an
example, the techniques and processes described herein may be used with a timing
generator to perform RFS deskewing on long source synchronous signal paths related
delay lines for both data (DQ) and strobe (DQS) signals.

In some implementations, the techniques and processes described herein may
provide relatively fine skew reduction, e.g., to reduce RFS to, e.g., 1ps or 2ps in some
implementations. However, the techniques and processes described herein may be
used to provide appropriate RFS reduction at values other than 1ps or 2ps. In this
regard, coarse skew reduction techniques may be implemented in combination with the
relatively finer skew reduction techniques and processes described herein.

Fig. 4 shows a general ATE configuration in which techniques and processes
described herein may be implemented. It is, however, emphasized that the techniques
and processes described herein are not limited to any particular ATE configuration,

11
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including that of Fig. 4, and that the techniques and processes may be used in any
appropriate context, including outside of the testing content.

Referring to Fig. 4, an example ATE system 50 for testing a DUT 58, such as
those described herein, includes a tester (or “test instrument”) 52. DUT 58 may be
interfaced to a DIB 61. Tester 52 may include a number of channels, each of which
may be a circuit path having an RFS that is controllable using the techniques and
processes described herein. To control tester 52, system 50 includes a computer
system 54 that interfaces with tester 52 over a hardwire connection 56. In some
implementations, the computer system may control the polarity switches described
herein to implement RFS reduction on one or more of the channels, as appropriate.

In an example operation, computer system 54 sends commands to tester 52 to
initiate execution of routines and functions for testing DUT 58. Such executing test
routines may initiate the generation and transmission of test signals to the DUT 58 and
collect responses from the DUT. Various types of DUTs may be tested by system 50.
In some implementations, the DUT may be any appropriate semiconductor or other
device, such as an integrated circuit (IC) chip (e.g., memory chip, microprocessor,
analog-to-digital converter, digital-to-analog converter, etc.) or other devices.

To provide test signals and collect responses from the DUT, tester 52 is
connected to an interface to the internal circuitry of DUT 58. For example, the DUT may
be inserted into a socket of DIB 61, which contains interfaces to electrical connections
between the DUT and the tester. A conductor 60 (e.g., one or more conductive
pathways) is connected to the interface and is used to deliver test signals (e.g.,
switching or DC test signals, etc.) to the internal circuitry of DUT 58. Conductor 60 also
senses signals in response to the test signals provided by tester 52. For example, a
voltage signal or a current signal may be sensed at pin 62 in response to a test signal
and sent over conductor 60 to tester 52 for analysis. Such single port tests may also be
performed on other pins included in DUT 58. For example, tester 52 may provide test
signals to other pins and collect associated signals reflected back over conductors (that
deliver the provided signals). By collecting the reflected signals, the input impedance of
the pins may be characterized along with other single port testing quantities. In other
test scenarios, a digital signal may be sent over conductor 60 to pin 62 for storing a
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digital value on DUT 58. Once stored, DUT 58 may be accessed to retrieve and send
the stored digital value over conductor 60 to tester 52. The retrieved digital value may
then be identified to determine if the proper value was stored on DUT 58.

Along with performing single port measurements, a two-port or multi-port test
may also be performed by tester 52. For example, a voltage signal may be injected
over conductor 60 into pin 62 in a force voltage mode, and a response signal may be
collected from one or more other pins of DUT 58. This response signal may be
provided to tester 52 to determine quantities, such as gain response, phase response,
and other throughput measurement quantities. Other tests may also be performed.
Tester 52 may source current to the DUT during force voltage mode, as described
herein, based on the testing required.

The techniques and processes described herein may be implemented by, and/or
controlled using, hardware or a combination of hardware and software. For example, a
system like the ones described herein may include various controllers and/or processing
devices located at various points in the system to control operation of the automated
elements. A central computer may coordinate operation among the various controllers
or processing devices. The central computer, controllers, and processing devices may
execute various software routines to effect control and coordination of the various
automated elements.

The techniques and processes described herein can be controlled, at least in
part, using one or more computer program products, e.g., one or more computer
program tangibly embodied in one or more information carriers, such as one or more
non-transitory machine-readable media, for execution by, or to control the operation of,
one or more data processing apparatus, e.g., a programmable processor, a computer,
multiple computers, and/or programmable logic components.

A computer program can be written in any form of programming language,
including compiled or interpreted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, component, subroutine, or other
unit suitable for use in a computing environment. A computer program can be deployed
to be executed on one computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a network.
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Actions associated with implementing all or part of the testing can be performed
by one or more programmable processors executing one or more computer programs to
perform the functions described herein. All or part of the testing can be implemented
using special purpose logic circuitry, e.g., an FPGA (field programmable gate array)
and/or an ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only storage area or a random access storage area or
both. Elements of a computer (including a server) include one or more processors for
executing instructions and one or more storage area devices for storing instructions and
data. Generally, a computer will also include, or be operatively coupled to receive data
from, or transfer data to, or both, one or more machine-readable storage media, such as
mass storage devices for storing data, e.g., magnetic, magneto-optical disks, or optical
disks. Machine-readable storage media suitable for embodying computer program
instructions and data include all forms of non-volatile storage area, including by way of
example, semiconductor storage area devices, e.g., EPROM, EEPROM, and flash
storage area devices; magnetic disks, e.g., internal hard disks or removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks.

Any “electrical connection” as used herein may imply a direct physical connection
or a wired or wireless connection that includes or does not include intervening
components but that nevertheless allows electrical signals to flow between connected
components. Any “connection” involving electrical circuitry mentioned herein, unless
stated otherwise, is an electrical connection and not necessarily a direct physical
connection regardless of whether the word “electrical’ is used to modify “connection”.

Elements of different implementations described herein may be combined to form
other implementations not specifically set forth above. Elements may be left out of the
structures described herein without adversely affecting their operation. Furthermore,
various separate elements may be combined into one or more individual elements to
perform the functions described herein.

What is claimed is:
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1. Circuitry to adjust a rise-fall skew in a signal, comprising:

a latch comprising a first latch input, a second latch input, and a latch output,
each of the first latch input and the second latch input being responsive to a rising edge
of a version of a signal to provide a predefined logic level at the latch output;

a first delay circuit that is controllable to configure a first delay, the first delay
circuit being electrically connected to the first latch input and being for adjusting a rise
portion of a skew in a first version of the signal; and

a second delay circuit that is controllable to configure a second delay, the second
delay circuit being electrically connected to the second latch input and being for

adjusting a fall portion of the skew in a second version the signal.

2. The circuit of claim 1, wherein the latch comprises a set-reset (SR) latch.

3. The circuit of claim 2, wherein the latch comprises an SR latch in which an

output of the latch follows a last asserted input to the latch.

4. The circuit of claim 2, wherein the first latch input is a set input, the second
latch input is a reset input; and
wherein an output of the latch follows a last asserted input to the latch in an

event of overlap of the set input and the reset input.

5. The circuitry of claim 1, wherein the first delay and the second delay are

configurable independently.

6. The circuitry of claim 1, wherein the first version of the signal is an a non-
inverted version of the signal, and the second version of the signal is an inverted

version of the signal.

7. The circuitry of claim 1, further comprising:

a first circuit path comprising the first delay circuit; and
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a second circuit path comprising the second delay circuit, the first circuit path and
the second circuit path being connected to a common node, the common node being

configured to receive the signal.

8. The circuitry of claim 7, wherein the first delay circuit comprises a first circuit
input and the second delay circuit comprises a second circuit input, the second circuit
path comprising an inverter circuit electrically connected between the common node
and the second circuit input; and

wherein the first version of the signal is a non-inverted version of the signal and a
second version of signal is an inverted version of input signal, the inverted version of the

signal being produced by passage of the signal through the inverter circuit.

9. The circuitry of claim 7, wherein the first delay circuit comprises a first circuit
input and the second delay circuit comprises a second circuit input, the first circuit input
and the second circuit input being electrically connected to the common node and
configured so that the first version of the signal comprises a non-inverted version of the

signal and the second version of the signal comprises an inverted version of the signal.

10. The circuitry of claim 9, wherein the first circuit input and the second circuit

input are each configured to receive a differential signal that is based on the signal.

11. The circuitry of claim 1, wherein the first delay is different from the second
delay, the first delay being to adjust timing of a first edge of a signal pulse of the first
version of the signal and the second delay being to adjust timing of a second edge of a

signal pulse of the second version of the signal.
12. The circuitry of claim 11, wherein adjusting the timing of the first edge

comprises adding the first delay to the first edge, and adjusting the timing of the second

edge comprises adding the second delay to the second edge.
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13. The circuitry of claim 1, wherein the latch is configured so that the predefined
logic level at the latch output follows a latest asserted input to the first latch input or

second latch input.

14. The circuitry of claim 13, wherein the latest asserted input comprises the

rising edge of the signal.

15. A method to adjust a rise-fall skew in a signal, the method comprising:

controlling a first delay of a first version of a signal based on a first skew to
produce a first delayed signal,

controlling a second delay of a second version of the signal based on a second
skew to produce a second delayed signal; and

using the first delayed signal and the second delayed signal to produce an output

signal having one or more features that are adjusted in time.

16. The method of claim 15, wherein the one or more features comprise a rising
edge of a pulse in the signal and a falling edge of the pulse; and
wherein, in the output signal, the rising edge is moved forward by the first delay

and the falling edge is moved forward by the second delay.

17. The method of claim 15, wherein the first skew is associated with a rising
edge of the signal and the second skew is associated with a falling edge of the signal,
the first skew and the second skew affecting a pulse-width of the signal relative to a
pulse-width of an original signal upon which the signal is based; and

wherein the one or more features of the output signal are adjusted in time so that
a rising edge of the output signal and a falling edge of the output signal produces a

pulse-width that corresponds to the pulse-width of the original signal.

18. The method of claim 17, wherein the rising edge of the output signal and the
falling edge of the output signal produces a pulse-width that equals the pulse-width of
the original signal.
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19. The method of claim 17, wherein the rising edge of the output signal and the
falling edge of the output signal produces a pulse-width that deviates by less than a

predetermined amount from the pulse-width of the original signal.

20. The method of claim 15, wherein the method is performed using circuitry on
a path of the signal, the circuitry to adjust the rise-fall skew;

wherein the first skew takes into account rising edge skew that occurs on the
signal path between two reference points that are located before and after the circuitry,
the second skew taking into account falling edge skew that occurs on the signal path
between the two reference points that are located before and after the circuitry; and

wherein the one or more features of the output signal are adjusted in time so that
a rising edge of the output signal and a falling edge of the output signal produces a
pulse-width that is adjusted to correct for the rising edge skew and the falling edge

skew.

21. The method of claim 15, wherein the method is performed using circuitry on
a path of the signal, the circuitry to adjust the rise-fall skew;

wherein the first skew takes into account rising edge skew that occurs on the
signal path between two reference points that are located before and after the circuitry,
the second skew taking into account falling edge skew that occurs on the signal path
between the two reference points that are located before and after the circuitry; and

wherein the one or more features of the output signal are adjusted in time so that
a rising edge of the output signal and a falling edge of the output signal produces a
pulse-width having a predefined amount of skew based on adjustment to the rising edge

skew and the falling edge skew.

22. The method of claim 15, wherein the first version of the signal is an non-
inverted version of the signal and the second version of the signal is an inverted version

of the signal.
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23. The method of claim 15, wherein:

controlling the first delay comprises configuring a first delay circuit through which
the first version of the signal passes;

controlling the second delay comprises configuring a second delay circuit through
which the second version of the signal passes; and

using the first delayed signal and the second delayed signal to produce the
output signal comprises applying the first delayed signal to a first latch input of a latch,
and applying the second delayed signal to a second latch input of the latch, each of the
first latch input and the second latch input being responsive to a rising edge of a signal

to provide a predefined logic level at a latch output of the latch.

24. The method of claim 23, wherein the latch is configured so that the
predefined logic level at the latch output follows a latest asserted input to the first latch

input or second latch input.

25. The method of claim 15, wherein the first delay is different from the second

delay because the first skew is different from the second skew.
26. The method of claim 15, wherein the one or more features that are adjusted

in time are signal edges, the signal edges being adjusted at a precision level measured

in picoseconds.
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