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line in response to the current; determining a capacitance of the transmission
line based on the change in voltage; and determining an electrical path length
of the transmission line based on the determined capacitance of the transmis-
sion line and the known capacitance per unit of length.
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DETERMINING ELECTRICAL PATH LENGTH

TECHNICAL FIELD
This specification relates generally to determining the electrical path length of

a transmission line based on a capacitance of the transmission line.

BACKGROUND

Automatic test equipment (ATE) includes electronics for sending signals to,
and receiving signals from, a device under test (DUT) in order to test the operation
of the DUT. The ATE includes test instruments, such as digital test instruments for
performing digital tests on integrated circuits. The test instruments typically reside
on a test head. Adevice interface board (DIB), which is typically provided by the
DUT manufacturer and not manufactured with the ATE, connects the test head, and
thus the test instruments, to the DUT. Transmission lines pass through the DIB;
however, the ATE does not know the electrical path length of those transmission
lines. This information, however, can be useful for various purposes including, but
not limited to, aligning signals and determining signal line continuity.

TDR (time domain reflectometry) may be used to align signals at the end of a
transmission line or to determine electrical continuity. However, TDR may be
unreliable under certain circumstances, e.g., when signal rise times exceed the
electrical path length of a transmission line. Furthermore, the ATE may not be

capable of performing a TDR measurement.
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SUMMARY

An example process for determining electrical path lengths includes: injecting
current into a transmission line having a known capacitance per unit of length;
determining a rate of change in voltage (e.g., dV/dt) on the transmission line in
response to the current; determining a capacitance of the transmission line based on
the rate of change in voltage; and determining an electrical path length of the
transmission line based on the determined capacitance of the transmission line and
the known capacitance per unit of length. The example process may include one or
more of the following features, either alone or in combination.

The example process may also comprise performing signal alignment based
on the electrical path length. Performing signal alignment may comprise controlling
signal output to the transmission line and one or more other transmission lines so
that rising and/or falling edges of signals on the transmission line and one or more
other transmission lines occur at a same time or within a specified interval at outputs
of the transmission line and the one or more other transmission lines.

The transmission line may comprise a signal path between a test instrument
and a device under test. The signal path may be on a device interface board that is
configured to connect the test instrument to the device under test. The electrical
path length may be less than a rise time of a signal for which alignment is
performed.

The example process may include detecting a characteristic of the

transmission line based on the electrical path length. The characteristic of the
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transmission line may be a short circuit in a signal line that includes the transmission
line; and detecting the characteristic may comprise recognizing that the capacitance
or the electrical path length exceeds a predefined threshold. The characteristic of
the transmission line may comprise a break in a signal line that includes the
transmission line; and detecting the characteristic comprises recognizing that the
capacitance or the electrical path length is below a predefined threshold. The
characteristic of the transmission line may comprise a termination point of the
transmission line; and detecting the termination point may comprise determining
through which of the multiple devices the transmission line extends based on the
capacitance or the electrical path length. Determining the termination point may
comprise: comparing a known value associated with one or more of the multiple
devices to the determined electrical path length or the capacitance; and identifying a
device to which the transmission line extends based on the comparing.

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 test 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 test systems and techniques

described herein, or portions thereof, can be implemented as an apparatus, method,
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or electronic system that can include one or more processing devices and memory
to store executable instructions to implement various operations.

The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features 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 an example test system.

Fig. 2 is a flowchart showing an example process that may be performed by
the test system to determine electrical path length of a transmission line.

Fig. 3 is a block diagram showing channels of the test equipment connected
to transmission lines of a DIB.

Fig. 4 is a block diagram showing, conceptually, parallel capacitance in a
transmissions line.

Fig. 5 is a block diagram showing, conceptually, multiple devices through
which a transmission line passes between a test instrument and a DUT.

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION
Described herein is example ATE that may be configured to determine an
electrical path length of a transmission line, such as a transmission line through a

DIB, and to use that information for purposes including, but not limited to, signal
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alignment and detection of breaks or short circuits in the transmission line. The
example ATE is configured to inject current into the transmission line, which has a
known capacitance per unit of length; to detect a change in voltage over time (the
rate of change of the voltage) on the transmission line in response to the current; to
determine a capacitance of the transmission line based on the change in voltage
over time; and to determine an electrical path length of the transmission line based
on the determined capacitance of the transmission line and the known capacitance
per unit of length. In this example, the electrical path length refers to the distance on
the transmission line over which electrical signals pass between two points.

An example transmission line having a controlled impedance has a fixed
capacitance per unit of length. For example, a common transmission line is a 50Q
etch on a printed circuit board (PCB) made of FR4. FR4 is a PCB composite
substrate material comprised of woven fiberglass cloth having an epoxy resin binder
that is flame resistant In some examples, the fixed capacitance per unit of length
about 3.3 (picoFarads)/inch; this ratio is constant; and this ratio does not vary with
the geometry of the etch. Accordingly, the length of the transmission line can be
discerned by determining the capacitance of the transmission line.

In this regard, in some implementations, ATE is particularly well suited to
measure small capacitances. For example, ATE is capable of accurately sourcing
small currents, below a 1uA, accurately measuring voltages, and accurately
measuring small intervals of time, below 1us, or measuring voltage at a fixed time

interval. For example, for each inch of a sample transmission line, a 1uA current
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source results in a 0.6V difference between two voltage measurements separated by
2us. Alternatively, for each inch of a sample transmission line, a 1uA current source
results in a 3.3us difference between two time measurements separated by 1V. In
the first case, voltages are measured at a known interval. In the second case, the
time between a signal crossing two voltage thresholds is measured.

The example ATE described herein is configured to source small currents into
the transmission line, and to measure times of electrical signal transitions on the
transmission line in response to those currents. More specifically, when the current
is injected into a transmission line, the voltage (V) on the transmission line will
change according to the known relationship dV/dt = i/C, where i represents current,
C represents capacitance, and dV/dt represents the rate of change in voltage (V),
e.g., the change in voltage (V) over time (t). Since i is known, and dV/dt can be
determined as described herein, C can also be determined. When C is known, the
electrical path length of the transmission line can be determined, as described with
respect to process 30 of Fig. 2.

The example process for determining electrical path length may be
particularly useful when a high speed digital signal is not available. In this regard,
words such as "high" and "low" used herein have no specific numerical connotations.
Rather, such words indicate relative relationships between two values. In some
examples, when the electrical path length of a transmission line is more than the rise
time of a signal, that signal is deemed to be high speed. In some examples, when

the electrical path length of a transmission line is less than the rise time of a signal
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or less than a quarter of the rise time when the circuit behaves ideally, that signal is
deemed low speed. The example ATE and process to determine electrical path
length are particularly (although not exclusively) applicable for low speed signals,
since TDR can produce errors for low speed signals. More specifically, if a digital
source cannot drive a waveform having edges that transition quickly enough, the
reflection from the end of the line (in TDR) overlaps the source edge, and the
electrical path length of the transmission line is not determined accurately. Using
typical TDR parameters in ideal conditions, this overlap occurs when the electrical
path length is less than one quarter of the rise time of the TDR signal. For example,
a TDR signal with a rise time of 10ns (nanoseconds) cannot be used to measure
path lengths less than approximately 15 inches. By increasing the accuracy with
which electrical path lengths are determined, particularly for signals whose rise times
are longer than their path lengths, it may be possible to more closely align signals on
different transmission lines, and to more accurately identify breaks or shorts on
transmission lines.

In some cases, a transmission line having an electrical path length that is
shorter than expected may be broken (e.g., include an open circuit). Broken
transmission lines may be caused by mechanical failures, such as stuck relays or
poor contact between parts of the transmission line. In some cases, a transmission
line having an electrical path length that is longer than expected may indicate that
there is a short circuit on, or affecting, the transmission line. Information about open

circuits and/or short circuits may be used by the ATE to identify a transmission line
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for repair or to alter test protocols to avoid the transmission line that is includes the
open circuit or the short circuit.

The electrical path length determined using the example processes described
herein may also be used to align timing between signals on different transmission
lines. For example, if electrical path lengths of several transmission lines are
determined, timing between signals on each of those transmission line may be
adjusted so that, e.g., rising and/or falling edges of signals on a transmission line
and one or more others of the transmission lines occur at a same time or within a
specified interval at outputs of all transmission lines.

Fig. 1 shows components of example ATE 10 that is configured to perform
process 30 to determine electrical path lengths of one or more transmission lines.
Notably, however, process 30 is not limited to use with the ATE of Fig. 1 or to use
with any particular type of ATE, but rather may be used in any appropriate technical
context, including outside of a testing environment. In the example of Fig. 1, the
dashed lines indicate potential signal paths between devices.

ATE 10 includes a test head 11 and a test computer 12. Test head 11
communicates with DUTs (not shown in Fig. 1) on which tests are performed. Test
computer 12 communicates with test head 11 to control testing and, in some cases
directly or indirectly with the DUTs. In an example, test computer 12 may download
test program sets to test instruments on the test head, which then run the test

program sets to test DUTs in communication with the test head.
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Test computer 12 may be any appropriate type of computing device or
devices having memory storing instructions that comprise one or more computer
programs, and one or more processing devices to execute those instructions. The
one or more computer programs executing on test computer 12 may obtain
information for a transmission line including, e.g., i (current), C (known
capacitance/unit length) and dV/dt (change in voltage versus time), and determine
the electrical path length of the transmission line based on that information. This
electrical path length may be used, as described herein, to align signals on multiple
transmission lines, to identify breaks (open circuits) or shorts (short circuits) in the
transmission line, and/or to control or alter testing based on the determinations.

ATE 10 includes test instruments 13A to 13N. In some examples, one or
more of the test instruments include, but are not limited to, digital test instruments for
performing digital tests on integrated circuits. However, other types of test
instruments may be used in lieu of, or in addition to, digital test instruments. Each
test instrument may be configured to output test signals to test a DUT, and to
receive signals from the DUT. The signals received may include response signals
that are based on the test signals and/or signals that originate from the DUT that are
not prompted by (e.g., are not in response to) test signals. In some
implementations, each test instrument, such as test instrument 13A, includes one or
more parametric measurement units (PMU) 17. Generally, a PMU is circuitry that
includes one or more programmable modes to force (e.g., output) a pin voltage to a

transmission line and to measure the resulting current on the transmission line, or to
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force a current on the transmission line, and to measure the resulting voltage on the
transmission line. In the example processes described herein for determining
electrical path length, the PMU forces a small amount of current onto a transmission
line, and the resulting rate of change in voltage (e.g., dV/dt) on the transmission line
is detected.

ATE 10 includes a connection interface 14, which connects test instrument
outputs 15 to a DIB 16. Connection interface 14 may include connectors 20 or other
devices for routing signals between the test instruments and DIB 16. For example,
the connection interface may include one or more circuit boards or other substrates
on which such connectors are mounted. Other types of connections may be used.

In the example of Fig. 1, DIB 16 connects, electrically and mechanically, to
the connection interface of test head 11. DIB 16 includes sites 21, which may
include pins, traces, or other points of electrical and mechanical connection to which
DUTs may connect. Test signals, response signals, and other signals pass over the
sites between the DUT and test instruments. DIB 16 also includes, among other
things, connectors, conductive traces, and circuitry for routing signals between the
test instruments, DUTs connected to sites 21, and other circuitry.

While the DIB may be considered part of the ATE, the DIB is not typically
provided by the same entity that provides the test head and test computer. Instead,
the DIB is typically provided by the manufacturer of the DUT that is being tested by
the ATE. The manufacturer of the rest of the ATE, e.g., the test head 11 and test

computer 12, does not typically know, to sufficient precision, the electrical path

-10-
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lengths of transmission lines through the DIB to the DUT. For example, as shown in
Fig. 3, a test instrument 13a having test channels 38, 39, 40 connects to DUT 41
through DIB 16. Each test channel includes a driver 38A, 39A, 40A to output digital
logic levels and a corresponding receiver 38B, 39B, 40B, such as a comparator, to
determine/measure the result on the transmission line in response to the output.

DIB 16 includes transmission lines 42, 43, 44 that connect to respective test
channels 38, 39, 40, and that have electrical path lengths that are unknown to the
manufacturer of the test instrument. Example ATE 10 and process 30 performed
thereby enable determination of the total electrical path length of transmission lines
42, 43, 44, including in cases where signal rise time exceeds the electrical path
length. As a result, in those cases, electrical path lengths can be determined with
some measure of accuracy. Notably, however, example ATE 10 and process 30
also enable determination of electrical path lengths of transmission lines 42, 43, 44
in cases where signal rise time is less than the electrical path length. As described
herein, example ATE 10 and process 30 also enable detection of open circuits
and/or short circuits in transmission lines 42, 43, 44, and enable appropriate
responsive coordination and adjustment of testing.

Referring also to Figs. 2 and 4, a current source 50 (in this example, a PMU
17) is connected to a transmission line 42. In this example, the transmission line is a
circuit path through DIB 16; however, in other examples, the transmission line may
include additional traces, such as, but not limited to, part(s) of the test instrument

channel and traces on the DUT. Current source 50 injects (31) a known current (i)

11-
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into transmission line 42 which, as indicated, has a known capacitance per unit of
length. In this example, the current source is a PMU; however, process 30 is not
limited to using a PMU as the current source. In this example, the known
capacitance per unit length of transmission line 41 is 3.3pf /inch; however process
30 is not limited to use with these values. This known capacitance per unit length is
depicted conceptually in Fig. 4 by capacitors 52, which represent the known
capacitance in each unit length but which are not actually discrete devices as
depicted in Fig. 4. The known capacitance of the transmission line can thus be
modeled as a number "x" of parallel capacitors.

In this example, receiver 38b in the test instrument detects a voltage (V) on
the transmission line, and provides that voltage to the test computer, which is
programmed to determine (32) the change in voltage (dV 54) on the transmission
line over time (dt 55) in response to the current. In this example, the receiver may
be a comparator that detects a voltage on the transmission line relative to a
reference voltage. In some implementations, circuitry other than, or in addition to, a
comparator may be used to detect the voltage on the transmission line. Test
computer 12 may keep running track of the voltage on transmission line 42, and
identify the change in voltage over time based on the output of receiver 38B.

Test computer 12 determines (33) the capacitance (C) of the transmission
line based on the rate of change in voltage (dV/dt). In this example, test computer
12 executes one or more computer programs to perform calculations to determine

the capacitance (C) of the transmission line based on the relationship: dV/dt =i/C,
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where dV/dt and i are the measured values. The determined capacitance, C, in this
case is the entire capacitance of the transmission line.

Test computer 12 determines (34) an electrical path length of the entire
transmission line based on the determined capacitance (C) of the transmission line
and the known capacitance per unit of length (in this example, 3.3pf/inch). More
specifically, the test computer uses the known relationship defining parallel

capacitance, namely:

Ctota =C1+C2...... + CN, where N>2

In this example, Ctotal is the capacitance (C) determined for the transmission line. In
this example, C1...Cn are each 3.3pF, although this number may be different in other
examples. Furthermore, since each unit length (in this example, inches) is 3.3pF,

the above equation reduces to

Crotal = 3.3'X,

where x is the number of capacitors and also unit lengths. Accordingly, knowing the
value of Cwtal, test computer determines the value of "x". In this example, "x" is the
electrical path length, in inches, of the transmission line from the output of the test
instrument 13a to the DUT, including the part of the transmission line extending
through the DIB. In some cases, e.g., where the unit length is not "one", then the

actual length may be a product of x and the unit length.
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A characteristic of the transmission line may be detected (35), e.g., by test
computer 12, based on the capacitance or the determined electrical path length. In
some implementations, the characteristic of the transmission line includes a short
circuit in a signal line that includes the transmission line, and detecting the
characteristic includes recognizing that the capacitance exceeds a predefined
threshold. For example, the test computer may compare the capacitance of the
transmission line, or a portion thereof, to a predefined threshold. If the detected
capacitance exceeds the predefined threshold that is indicative of a short circuit on
the transmission line. In some examples, detecting the characteristic includes
determining that the determined electrical path length exceeds a defined threshold.

In some implementations, the characteristic of the transmission line includes
a break, or open circuit, in a signal line that includes the transmission line; and
detecting the characteristic includes recognizing that the capacitance is below a
predefined threshold. For example, the test computer may compare the capacitance
of the transmission line, or a portion thereof, to a predefined threshold. If the
capacitance is less than the predefined threshold (e.g., the transmission line is too
short), that is indicative of a break, or open circuit, on the transmission line. In some
examples, detecting the characteristic includes determining that the determined
electrical path length is below a defined threshold. Furthermore, if the transmission
line has a controlled impedance, the location of the break may also be determined.

In some implementations, the characteristic of the transmission line includes

the termination point of the transmission line. Referring, e.g., to Fig. 5, an example

-14-
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transmission line 60 extends from a test instrument 13A to a device under test, DUT
41, and passes through multiple devices, e.g., first second, and third devices 61, 62,
63 which are depicted conceptually in Fig. 5 as layers between test instrument 13A
and DUT 42. These multiple devices may include various interfaces and circuit
boards, such as DIB 16. In some implementations, detecting the extent of a signal
path includes determining through which of the multiple devices the transmission line
passes, and in which of those devices, if any, the transmission line terminates. For
example, test computer 12 may be programmed with information identifying the
electrical signal path length at each of devices 61, 62, 63. The known electrical path
length may be at the entry point of each device, the exit point of each device, and/or
at a point interior to each device. Knowing this information, and the determined
electrical path length of the transmission line, the test computer may identify a
device on a path between a test instrument and the DUT, where the transmission
line terminates. With this information, the test computer may be able to identify that
a problem, such as a circuit break, occurred and where it occurred.

In some implementations, determining which of the devices 61, 62, 63 that
the transmission line passes through and terminates in includes: comparing a
known value (e.g., electrical path length or capacitance) associated with one or more
of the multiple devices to the determined electrical path length or capacitance; and
identifying a device to which the transmission lines extends based on the comparing.
For example, the test computer may compare the determined electrical path length

or capacitance to electrical path length or capacitance 66 to first device 61, to
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electrical path length or capacitance 67 to second device 62, and so forth. Based on
this comparison, the test computer determines the layer (e.g., the device) where the
transmission line extends and terminates. If the test computer determines that the
transmission line terminates at any point prior to its expected termination point (e.g.,
DUT 41), then the test computer may take appropriate action.

In this regard, knowing any of the foregoing characteristics of the
transmission line, the test computer, or any other appropriate controller in the ATE,
may coordinate and/or control repair of the transmission line. In some
implementations, the test computer, or any other appropriate controller in the ATE,
may redirect testing from one or more channels where faults, such as open or short
circuits, are identified.

In some implementations, as indicated above, the electrical path lengths may
be used to align timing between signals on different transmission lines (e.g.,
transmission lines 42, 43, 44 of Fig. 3). For example, if the electrical path lengths of
different transmission lines are known based, e.g., on process 30, timing between
signals on each transmission line may be adjusted so that, e.g., rising and/or falling
edges of signals on a transmission line and one or more others of the transmission
lines occur at a same time or within a specified interval at outputs of the
transmission line and the one or more other transmission lines. In some
implementations, timing may be controlled by controlling signal output from the test
instruments. In some implementations, timing may be controlled by controlling

circuitry along the transmission line so that appropriate timing is achieved.
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The example test instruments described herein are configured both to send
signals to a transmission line and to receive signals from a transmission line. In
some implementations, the test instruments may be configured only to receive
signals from the transmission line. These receive-only types of test instruments may
be used with a separate PMU that outputs current to the transmission line.
Furthermore, these receive-only types of test instruments are not generally capable
of performing standard TDR, so the example processes described herein for
determining electrical path length are useful for these types of test instruments. The
same is true for drive-only types of test instruments.

While this specification describes example implementations related to
"testing" and a "test system," the devices and processes described herein may be
used in any appropriate system, and are not limited to test systems or to the
example test systems described herein. For example, process 30 may be used in
any appropriate technical context to determine transmission line length.

Testing, including performing process 30, may be implemented and/or
controlled using hardware or a combination of hardware and software. For example,
a test system like the ones described herein may include various controllers and/or
processing devices located at various points. 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 testing and calibration.
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Testing, including performing process 30, can be controlled, at least in part,
using one or more computer program products, €.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.

Actions associated with implementing all or part of the testing and calibration
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 and calibration 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
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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 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 connection that includes intervening components but that
nevertheless allows electrical signals to flow between connected components. Any
“connection” involving electrical circuitry mentioned herein, unless stated otherwise,
includes an electrical connection and not necessarily a direct physical connection
regardless of whether the word “electrical” is used to modify “connection”. Any
“connection” between structural components as used herein may imply a direct
physical connection or a physical connection that includes intervening one or more
intervening components or other structures.

Elements of different implementations described herein may be combined to

form other embodiments not specifically set forth above. Elements may be left out of

-19-
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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. A method comprising:

injecting current into a transmission line having a known capacitance per unit
of length;

determining a rate of change in voltage on the transmission line in response
to the current;

determining a capacitance of the transmission line based on the change in
voltage; and

determining an electrical path length of the transmission line based on the
determined capacitance of the transmission line and the known capacitance per unit

of length.

2. The method of claim 1, further comprising:

performing signal alignment based on the electrical path length.

3. The method of claim 2, wherein performing signal alignment comprises
controlling signal output to the transmission line and one or more other transmission
lines so that rising and/or falling edges of signals on the transmission line and one or
more other transmission lines occur at a same time or within a specified interval at

outputs of the transmission line and the one or more other transmission lines.

4. The method of claim 1, wherein the transmission line comprises a signal

path between a test instrument and a device under test.
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5. The method of claim 1, wherein the signal path is on a device interface

board that is configured to connect the test instrument to the device under test.

6. The method of claim 1, wherein the electrical path length is less than a rise

time of a signal for which alignment is performed.

7. The method of claim 1, further comprising:
detecting a characteristic of the transmission line based on the electrical path

length.

8. The method of claim 7, wherein the characteristic of the transmission line
comprises a short circuit in a signal line that includes the transmission line; and
wherein detecting the characteristic comprises recognizing that the

capacitance or the electrical path length exceeds a predefined threshold.

9. The method of claim 7, wherein the characteristic of the transmission line
comprises a break in a signal line that includes the transmission line; and
wherein detecting the characteristic comprises recognizing that the

capacitance or the electrical path length is below a predefined threshold.
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10. The method of claim 7, wherein the characteristic of the transmission line
comprises a termination point of the transmission line; and

wherein detecting the termination point comprises determining through which
of the multiple devices the transmission line extends based on the capacitance or

the electrical path length.

11. The method of claim 10, wherein determining the termination point
comprises:

comparing a known value associated with one or more of the multiple devices
to the determined electrical path length or the capacitance; and

identifying a device to which the transmission line extends based on the

comparing.

12. A system comprising:

circuitry to inject current into a transmission line having a known capacitance
per unit of length; and

one or more processing devices to execute instructions to determine a rate of
change in voltage on the transmission line in response to the current, to determine a
capacitance of the transmission line based on the change in voltage, and to
determine an electrical path length of the transmission line based on the determined

capacitance of the transmission line and the known capacitance per unit of length.
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13. The system of claim 12, wherein the one or more processing devices are

programmed to control signal alignment based on the electrical path length.

14. The system of claim 13, wherein controlling signal alignment comprises
controlling signal output to the transmission line and one or more other transmission
lines so that rising and/or falling edges of signals on the transmission line and one or
more other transmission lines occur at a same time or within a specified interval at

outputs of the transmission line and the one or more other transmission lines.

15. The system of claim 12, wherein the transmission line comprises a signal

path between a test instrument and a device under test.

16. The system of claim 12, wherein the signal path is on a device interface

board that is configured to connect the test instrument to the device under test.

17. The system of claim 12, wherein the electrical path length is less than a

rise time of a signal for which alignment is performed.

18. The system of claim 12, wherein the one or more processing devices are

programmed to detect a characteristic of the transmission line based on the

electrical path length.
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19. The system of claim 18, wherein the characteristic of the transmission
line comprises a short circuit in a signal line that includes the transmission line; and
wherein detecting the characteristic comprises recognizing that the

capacitance or the electrical path length exceeds a predefined threshold.

20. The system of claim 18, wherein the characteristic of the transmission
line comprises a break in a signal line that includes the transmission line; and

wherein detecting the characteristic comprises recognizing that the
capacitance or the electrical path length is below a predefined threshold.

10

21. The system of claim 18, wherein the characteristic of the transmission
line comprises a termination point of the transmission line; and
wherein detecting the termination point comprises determining through which
15 of the multiple devices the transmission line extends based on the capacitance or

the electrical path length.

22. The system of claim 21, wherein determining the termination point
comprises:
20 comparing a value associated with one or more of the multiple devices to the

determined electrical path length or the capacitance; and
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identifying a device to which the transmission line extends based on the

comparing.

-26-



PCT/US2016/048527

WO 2017/091259

| ‘Ol

) e o
€l 1T J€1 d€l Vel
avaH 1siL \\J#
NINd INJAINYLSNI 1S3L 7 NN NN 7 NIA
ST N/
T o L1
3DVA¥ILNI NOILDINNOD / Oc Ny j ,,, j
[ * e e D : E , J
9T ayvod IDV4¥3LNI IDIAIQ o
SaLIs 1nd
1¢

4"
¥ILNdINOD 1531

o1
INTNAINDT [SILJILVINOLNY

1/5



PCT/US2016/048527

WO 2017/091259

&
™

¢ Old

INIT NOISSINSNVYL
40 JI1SIH41OVHVHD 15413d

A

HLONAT
HLVd 1VJI1412313 ANIINY3L3d

A

JONVLIDVAVI ININYA13Q

A

JINIL H3AO
JOVLIOA NI IONVHD INIWYA13Q

A

INIHIND LO3MNI

2/5



PCT/US2016/048527

WO 2017/091259

E
<

-
)]

144

€ Old

e

""HLIONIT HLVd TvOId10373 NMONINN™

ov

[47%

""HLIONIT HLVd TvOId10373 NMONINN™

6¢

""HLIONIT HLVd TvOId10373 NMONINN™

8¢

48¢c >—

0T
INJINdINOT 1S3L JILVINOLNY

L1

LN3IHIND d3LDO3MNI

NINd

VET LINJINNYLSNI LS91

3/5



WO 2017/091259

T “'*-«f/\ 8
5 4 -
(< R‘h
VY
Sl AL

R SR

4/5

PCT/US2016/048527

55

ar

FIG. 4



PCT/US2016/048527

WO 2017/091259

G 'Old

vér |

INFNNYLSNI LSTL

\
2D\

IDIAIA L5Y14 (
99
\ / I01A3A ANODIS ¢
09 \ L9
¢ e /mu_>mo QYIHL
€9
~ N 1nd
v

5/5



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/048527

A. CLASSIFICATION OF SUBJECT MATTER
GO1R 27/26(2006.01)i, GO1R 19/12(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1R 27/26; G11B 5/00; GO1R 31/28; G11B 20/20; GO1R 35/00; GO1R 31/08; HO1P 3/08; GOIR 19/12

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: electrical, path, length, calculation, capacitance

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 4103225 A (STEPHENS) 25 July 1978 1,7-12,18-22
See abstract, column 1, lines 6-17, claim 1,5 and figure 1.

Y 2-6,13-17

Y US 2012-0313618 A1 (PHILLIPS) 13 December 2012 2-6,13-17
See abstract, paragraphs [3],[51] and claims 1,10-12.

A US 2006-0236157 A1 (HUANG et al.) 19 October 2006 1-22
See abstract, paragraphs [23]-[30] and figures 1,2.

A US 2014-0021963 A1 (COLE) 23 January 2014 1-22
See abstract, paragraphs [84]-[95] and figures 1-4.

A US 2011-0181370 A1 (GUILAR) 28 July 2011 1-22
See abstract, paragraphs [27]-[29] and claims 14-16.

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

See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search

01 December 2016 (01.12.2016)

Date of mailing of the international search report

02 December 2016 (02.12.2016)

Name and mailing address of the [SA/KR

International Application Division

¢ Korean Intellectual Property Office

Y 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

3
s
g

iy
Grlliss

KIM, Yeon Kyung

7z, %

s

e,
,7

p
7
f

%

Y

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2016/048527

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4103225 A 25/07/1978 None

US 2012-0313618 Al 13/12/2012 CN 103608690 A 26/02/2014
CN 103608690 B 23/12/2015
JP 2014-516167 A 07/07/2014
KR 10-2014-0020971 A 19/02/2014
TW 201250273 A 16/12/2012
US 8692538 B2 08/04/2014
WO 2012-170414 A2 13/12/2012
WO 2012-170414 A3 14/03/2013

US 2006-0236157 Al 19/10/2006 CN 101460813 A 17/06/2009
CN 101460813 B 22/12/2010
EP 1864288 A2 12/12/2007
JP 2008-534958 A 28/08/2008
JP 4672057 B2 20/04/2011
KR 10-0952125 Bl 09/04/2010
KR 10-2007-0116242 A 07/12/2007
US 7957461 B2 07/06/2011
WO 2006-107467 A2 12/10/2006
WO 2006-107467 A3 12/06/2008

US 2014-0021963 Al 23/01/2014 CN 103635819 A 12/03/2014
EP 2673650 A2 18/12/2013
EP 2673650 Bl 08/07/2015
EP 2977774 Al 27/01/2016
GB 2488515 A 05/09/2012
GB 2502493 A 27/11/2013
JP 2014-506672 A 17/03/2014
KR 10-2014-0041449 A 04/04/2014
SG 10201600983 A 30/03/2016
SG 192286 Al 30/09/2013
TW 201245730 A 16/11/2012
WO 2012-107782 A2 16/08/2012
WO 2012-107782 A3 13/06/2013

US 2011-0181370 Al 28/07/2011 US 8274340 B2 25/09/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

