
WO 2006/107467 PCT/US2006/007186  CALIBRATING
AUTOMATIC TEST EQUIPMENT TECHNICAL FIELD This patent
application relates generally to calibrating automatic
test equipment and,  5 more particularly, to aligning
test equipment channels to a reference timing source.
BACKGROUND Automatic test equipment (ATE) refers to an
automated, usually computer-driven,  approach to
testing devices, such as semiconductors, electronic
circuits, and printed circuit  10 board assemblies. A
device tested by ATE is referred to as a device under
test (DUT). In ATE, timing accuracy refers to applying
signals to the DUT that meet predefined  timing
constraints. For example, the rising edge of a signal
may need to reach the DUT  within a specified
time-frame in order-to test the DUT accurately. As the
operational  speeds of DUTs increase, timing accuracy
becomes more critical, since there is typically 15
less tolerance for signal time variations during
testing. The timing accuracy of ATE is dictated by its
hardware and by techniques used to  calibrate the ATE.
For particular ATE, different calibration methods can
yield different  timing accuracies. Therefore, proper
calibration is one way to improve timing accuracy
without the often substantial cost of upgrading the
ATE's hardware. 20 Timing accuracy can be measured in
different ways. One commonly used  calibration
standard is called edge placement accuracy (EPA). In
EPA, timing events for  communication channels of an
ATE, such as identification of signal edges, are
measured  using an external instrument. Discrepancies
between measured signal edge timings and -I WO
2006/107467 PCT/US2006/007186  



predetermined signal edge timings are defined to be
the EPA of the ATE. An EPA of +/- 100ps, or better, is
required to test ATEs that operate at speeds of
400MHz, or higher. To  achieve such testing accuracy,
two ATE calibration techniques are often used. One
such ATE calibration technique involves calibrating
the ATE externally using a  5 tool, such as a robot or
cal-fixture. Another ATE calibration technique
involves calibrating  the ATE internally. This
technique, known as time domain reflectometry (TDR),
measures  an incident signal edge and a reflected
signal edge, and calculates a signal path length based
on a difference between the two measurements. The
signal path length is then used to  adjust signal
transmission. However, there is significant
calibration error associated with 10 TDR, which
results mostly from signal degradation of the
reflected edge. That is, the signal  must travel twice
through the signal path (the signal and its reflection
must both travel  through the signal path), resulting
in signal loss and distortion. To counteract this
problem,  TDR requires high-bandwidth signal paths,
such as relays. 15 SUMMARY  This patent application
describes methods and apparatus, including computer
program products, for calibrating devices, such as
ATE. In general, in one aspect, the invention is
directed to method for use in calibrating  an
apparatus. The method includes determining an offset
based on at least one of a 20 reference timing event
and a channel event, where the channel event is
associated with a  communication channel of the
apparatus, and using the offset to calibrate the
apparatus.  This aspect of the invention may include
one or more of the following features. 2 WO
2006/107467 PCT/US2006/007186  The reference timing
event may include transmitting a reference timing
signal from 



a reference timing source, and the channel event may
include transmitting a channel signal  from the
communication channel. Determining the offset may
include obtaining a first time  at which the reference
timing signal is received at a device associated with
the reference 5 timing source, obtaining a second time
at which the reference timing signal is received at a
device associated with the communication channel,
obtaining a third time at which the  channel signal is
received at the device associated with the
communication channel,  obtaining a fourth time at
which the channel signal is received at the device
associated with  the reference timing source, and
calculating the offset using the first time, the
second time, 10 the third time, and the fourth time.
The first time is Ti, the second time is T2, the third
time is T3, and the fourth time is T4, and the offset
is calculated as (Ti - T2 + T4 - T3)/2.  The method
may also include configuring a path between the
communication channel and the reference timing source.
The channel signal and the reference timing  signal
may pass through the path. The path may include a
matrix of circuit elements. The  15 circuit elements
may include pin-diodes. Configuring the path may
include biasing the pin diodes to obtain the path and
to prevent exchange of signals between the reference
timing  source and other communication channels. In
general, in another aspect, the invention is directed
to an apparatus for use in  calibrating ATE. The
apparatus includes a reference timing source
configured to output a  20 reference timing signal, a
circuit path configured to pass the reference timing
signal and to pass a channel signal from a
communication channel of the ATE, and a processing
device  configured to determine an offset between the
reference timing signal and the channel  signal, and
to issue an instruction that causes signal
transmission over the communication -3 WO 2006/107467
PCTIUS2006/007186  



channel to be adjusted based on the offset. This
aspect of the invention may include one or  more of
the following features. The reference timing source
may include a reference comparator and a reference
driver to output signals to the circuit path. The ATE
may include a channel comparator and  5 a channel
driver to output signals to the circuit path. The
reference comparator receives the reference timing
signal at a first time, the channel comparator
receives the reference timing  signal at a second time
path, the channel comparator receives the channel
signal at a third  time path, and the reference
comparator receives the channel signal at a fourth
time. The  processing device receives the first time,
the second time, the third time and the fourth time 10
via the reference comparator and the channel
comparator. The processing device calculates  the
offset using the first time, the second time, the
third time, and the fourth time. The first  time is
TI, the second time is T2, the third time is T3, and
the fourth time is T4. The  processing device
calculates the offset as (Tl - T2 + T4 - T3)/2. The
circuit path may include a matrix of diodes and
current sources to bias at least  15 some of the
diodes conducting or non-conducting in order to
connect the communication  channel to the reference
timing source and to exclude other communication
channels from  connecting to the reference timing
source. In this regard, the circuit path may include a
current source, at least one diode, and a transistor
switch to connect the current source to  the at least
one diode, thereby biasing the at least one diode
conducting. 20 The processing device may be part of
the ATE. The circuit path may not include  relays and
the processing device may determine the offset without
first determining a signal  path length between the
communication channel and the reference timing source.
-4 WO 2006/107467 PCT/US2006/007186  



In general, in another aspect, the invention is
directed to a machine-readable medium that stores
executable instructions for use in calibrating ATE.
The executable  instructions cause a processing device
to determine an offset between a reference timing
event and a channel event, where the channel event is
associated with a communication 5 channel of the ATE,
and to affect signal transmission over the
communication channel  based on the offset. Affecting
signal transmission may include adjusting signal
transmission directly or indirectly. This aspect may
also include one or more of the features  noted above
with respect to the other aspects. The details of one
or more examples are set forth in the accompanying
drawings and  10 the description below. Further
features, aspects, and advantages of the invention
will  become apparent from the description, the
drawings, and the claims. DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing a matrix of connections
between channels of an ATE  15 and a reference timing
source. Fig. 2 is a diagram showing one of the
connections in the matrix of Fig. 1.  Fig. 3 is a
flowchart showing a process for calibrating an ATE.
Fig. 4 is a timing diagram that depicts propagations
of signals between a  communication channel of an ATE
and a reference timing source. 20 Fig. 5 is a diagram
of a pin-diode matrix that may be used to implement
connections  between an ATE and a reference timing
source. Like reference numerals in different figures
indicate like elements.  -5 WO 2006/107467
PCT/US2006/007156  DETAILED DESCRIPTION 



Fig. 1 shows circuitry 10 for use in calibrating an
ATE. Circuitry 10 includes, for  each ATE channel, a
driver 11a to 111, and a comparator 12a to 12f. A
pin-diode matrix  14, described below, can connect the
driver and comparator of each channel to a reference 5
timing source 16, although a connection is made for
only one channel at a time in this  embodiment.
Reference timing source 16 also includes a driver 17
and a comparator 19.  Fig. 2 shows a connection
between a single channel 15 and reference timing
source 16. In Fig. 2, pin-diode matrix 14 is shown as
a single solid line in order to indicate a  connection
between channel 15, which includes driver 11a and
comparator 12a, and  10 reference timing source 16,
which includes driver 17 and comparator 19. This is
for illustration's sake only, as described below,
pin-diode matrix 14 can include any number of
switches and interconnections. The operation of
circuitry 10 is described with respect to channel 15.
It is noted,  however, that the operation of circuitry
10 is the same for all channels. In this regard,  15
channel driver 11a outputs a channel signal, e.g., a
voltage signal. The channel signal is output to
pin-diode matrix 14, but is also received by channel
comparator 12a. Channel  comparator 12a identifies the
time that it receives the channel signal, and provides
this time  to a processing device, such as a
microprocessor (not shown). The processing device may
be part of the ATE or it may be separate from the ATE.
For example, the processing device 20 may be
incorporated into a separate circuit arrangement used
to calibrate the ATE, which  also may include
reference timing source 16 and pin-diode matrix 14.
Channel comparator 12a also receives, typically at a
different time, a reference  timing signal, such as a
voltage signal, from the driver of reference timing
source 16 via  -6 WO 2006/107467 PCT/US2006/007186  



pin-diode matrix 14. Channel comparator 12a identifies
the time that it receives the  reference timing
signal, and provides this time to the processing
device. Comparator 19  and driver 17 for reference
timing source 16 operate in the same manner as
comparator 12a  and driver 1Ia for channel 15, as
described below. 5 More specifically, reference driver
17outputs the reference timing signal to pin- diode
matrix 14. Reference comparator 19, however, also
receives the reference timing  signal. Reference
comparator 19 identifies the time that it receives the
reference timing  signal, and provides that time to
the processing device. Reference comparator 19 also
receives, typically at a different time, the channel
signal from channel driver 11 a via pin 10 diode
matrix 14. Reference comparator 19 identifies the time
that it receives the channel  signal, and provides
this time to the processing device. The processing
device or, more accurately, software executing in the
processing  device, uses the times provided by channel
comparator 12a and reference comparator 19 to
determine an offset timing between the channel signal
and the reference timing signal. This  15 offset is
used to correct the timing accuracy of channel 15, as
described below. In more detail, the ATE calibration
process described herein calibrates all ATE  channels,
or a subset thereof, based on the actual time between
a reference timing event and  a channel event, namely
Toffset_ref tocl,an In this context, the reference
timing event  corresponds to a transmission time of
the reference timing signal and the channel event 20
corresponds to a transmission time of the channel
signal. See Fig. 4, described below. The basic
approach of the ATE calibration process is to identify
times that edges of  the reference timing signal and a
channel signal arrive at the reference comparator and
the  channel comparator, and to determine Toff:et_ref
to chaa using only these times. This approach  7 



WO 2006/107467 PCT/US2006/007186  for obtaining
Toffset ref te_eha" reduces the need to perform
calibration using the signal path  length, Tpath ref
to_chan, as in TDR. As a result, high-bandwidth
connections, such as relays,  are typically not
required between the ATE channels and the reference
timing source. Referring to Figs. 3 and 4, a process
20 is shown for determining Tofeset ref to chap  5
using the circuitry of Figs. I and 2. It is noted
that, in Fig. 3, the reference and channel  drivers
are not driving at the same time, but rather in
separate bursts. As shown in Fig. 4,
Tofset_refto_ehan is the difference in transmission
times between reference timing signal 21  and channel
signal 22. Process 20 obtains this value as follows.
Reference driver 17  outputs (24) reference timing
signal 21 to pin-diode matrix 14. Channel driver 11 a
outputs 10 (25) channel signal 22 to pin-diode matrix
14. In this example, it is assumed that pin-diode
matrix 14 is pre-configured to connect channel 15 only
to reference timing source 16.  Configuration of an
exemplary implementation of pin-diode matrix 14 is
described below. Reference comparator 19 receives (26)
reference timing signal 21 at time Ti, and  provides
that time to the processing device. In this
embodiment, receipt of a signal by a  15 comparator
means identification of an incident edge of that
signal. In other embodiments, comparators may identify
other signal;features. Channel comparator 12a receives
(27)  reference timing signal 21 at time T2, and
provides that time to the processing device. The  time
it takes reference timing signal 21 to travel from
reference timing source 16 to ATE  channel 15, i.e.,
Tpath_refto_ehan, is the difference between Ti and T2
plus time offsets 20 between the reference and channel
comparators. It is noted that time Ti and T4 (below)
are measured at reference comparator 19  and,
therefore, are measured with respect to the
transmission of reference timing signal 21,  namely on
time scale 29. That is, the time at which reference
timing signal 21 is 



8 WO 2006/107467 PCT/US2006/007186  transmitted is
designated zero (0) on time scale 29. Time T2 and T3
(below) are measured  at channel comparator 12a and,
therefore, are measured with respect to the
transmission of  the channel signal, namely on time
scale 30. The time at which channel signal 22 is
transmitted is designated zero (0) on scale 30. 5 In
process 20, channel comparator 12a receives (31)
channel signal 22 at time T3,  and provides that time
to the processing device. Reference comparator 19
receives (32)  channel signal 22 at time T4, and
provides that time to the processing device. The time
it takes channel signal 22 to travel from the ATE
channel to the reference  timing source, i.e.,
Tpath_ref to_ohan, is the difference between T3 and T4
plus time offsets 10 between the reference and channel
comparators. As shown in Fig. 4, the time between Tl
and T2 is about the same as between T3 and T4, since
the distance both signals travel  should be the same.
Tpath_ref to_chan need. not be calculated by process
20. However,  Tpath_ret to_chan is used to derive the
equation used by process 20 to calculate the offset,
Toffsct ref to than, between reference timing source
16 and channel 15 (see below). 15 Accordingly,
Tpath_ref to_chan is depicted in Fig. 4. In this
regard, Toffset_refto_chan is determined using the
following four time  measurements: Ti, T2, T3, T4.
Because Toffset ref to than is determined using four
times,  process 20 is referred to as the four-way time
domain transmission (TDT) calibration  process. The
following explains how Toffset ref to_chan is obtained
using Ti, T2, T3 and T4 20 As shown in Fig. 4, the
following relationships hold true:  Toffset_ref
to_chan = Ti + Tpath_ref_to_chan - T2  Toffset_ref
to_chan = T4 - Tpath ref to_chan - T3  



-9 WO 2006/107467 PCT/US2006/007186  Adding the
foregoing two equations together results in: 2Toffset
ref to than = Ti - T2 + T4 - T3, thereby eliminating
Tpath_ref to_chan from the calculation of Totrsec ref
to_ct,an Solving for  5 Tofrset ref to than results in
the following equation: Totrset reF to than = (Ti - T2
+ T4 - T3)/2. Thus, by virtue of process 20, it is
possible to determine Toffset ref to_chan using only
10 values for Tl, T2, T3 and T4. The processing device
used to implement process 20 may be  programmed
beforehand with the foregoing equation for Toffset_ref
to_chan Accordingly, in process.20, the processing
device receives the values for Ti, T2, T3  and T4, and
calculates (34) Toffset ref to-than using those
values. The values for Tl, T2, T3  and T4 may be
provided directly to the processing device from the
reference and channel  15 comparators, or they may
first pass through other hardware and/or software.
Once the processing device determines the value of
Toffset_ref to than, the processing  device calibrates
(35) communication channel 15, for which Tl, T2, T3
and T4 were  obtained. That is, Totfset ref to than
may be determined for each channel of the ATE. So,
once  Toffset ref to than is determined for a channel,
the processing device may adjustor offset signal 20
transmission on that channel by an amount that is
equal to, or derived from, Toffset_ref to chan  For
example, the processing device may issue an
instruction to start transmission of signals  on
channel 15 earlier by an amount equal to Toffsetref
to_a,an, or the processing device may  issue an
instruction to delay transmission of signals on
channel 15 by an amount equal to . ,; 10 WO
2006/107467 PCT/US2006/007186  



Teffset ref to chaa Communication channel signal
adjustments other than, or in addition to,  those
described herein may be made using Toffset ref to
chain It is noted that the processing device itself
may not calibrate the ATE. Rather, the  processing
device may calibrate the ATE indirectly, e.g., by
instructing other hardware or  5 software, either on
or off of the ATE, to adjust signal transmission
accordingly. It is also noted that process 20 may be
implemented without a processing device. For example,
Toffset ref to chaa may be calculated manually, and
calibration may be manual as well. Each ATE channel
may be calibrated with respect to the reference timing
source in  the manner described above. As a result,
each calibrated ATE channel should be aligned to  10
the reference timing source and to all other
calibrated ATE channels. Fig. 5 shows an exemplary
implementation of pin-diode matrix 14. As shown in
Fig. 5, pin-diode matrix includes diodes. arranged in
paths (e.g., 36, 37) between reference  timing source
16 and ATE channels 15 (N), 39 (N+1). That is, each
channel, such as  channel 15, on one or more ATEs is
connected to reference timing source 16 via a matrix
of 15 pin-diodes. Pin-diode matrix 14 also includes a
current source 40 connected, through
transistor/switch 41, to channel 15. Each channel may
include a current source/transistor  arrangement
similar to, or identical to, that of channel 15. When
transistor 41 is gated,  current passes to channel 15,
thereby biasing diode 42 and 43 conducting. By
properly  biasing diodes throughout pin-diode matrix
14 using also current sources 44 and 45 and 20 others
that are not shown, channel 15 can be connected to
reference timing source 16, while  all other channels
are disconnected from reference timing source 16. -11
WO 2006/107467 PCT/US2006/007186  It is noted that a
reference channel from reference timing source 16 can
also be 



routed to a DUT via a normal signal path, and can be
used as a standard channel during  DUT testing.
Advantages of the pin-diode matrix design of Fig. 5
over a traditional relay matrix  5 design include the
following. First, a pin-diode has a smaller footprint
than a relay - generally about 3% that of relay,
resulting in board area savings. In high density
digital  instrument design, board space is often the
main bottleneck for channel density. Any  reduction in
board space can reduce ATE costs and, possibly,
improve its performance.  Second, the reliability of
pin-diodes generally exceeds that of relays, and a
pin-diode matrix 10 is typically more easily
manufactured than a relay matrix. Thus, pin-diode
matrix 14 is a  low-cost, reliable solution for
connecting a number of channels to a reference
channel. It is noted, however, that process 20 is not
limited to use with pin-diode matrix 14,  or to any of
the hardware described herein for that matter. For
example, process 20 may be  implemented using a
conventional relay matrix in lieu of pin-diode matrix
14, a 15 combination matrix including both pin-diodes
and relays, or by any other wired or wireless
mechanism for connecting channels to a. reference
timing source. Such mechanisms may  have a matrix
configuration that is similar to the pin-diode
configuration of Fig. 5, with  various types of
circuitry controlling configuration of the circuit
path. The comparators and  drivers also may be
replaced with other circuitry, including hardware
and/or software, for 20 driving and detecting signals,
and/or they may be augmented with signal conditioning
and/or other circuitry, including hardware and/or
software. Process 20 has been tested on ATE systems
with multiple high-density digital  boards. The EPA
following calibration has been shown to be within
+/-loops for over 1000  12 WO 2006/107467
PCT/US2006/007186  



channels - an accuracy that was heretofore only
achievable using relatively expensive  external
robotics. Additionally, the calibration results have
demonstrated repeatability, and  the pin-diode matrix
has proven to be reliable. Thus, process 20 and its
associated  hardware provides relatively high timing
accuracy with low cost and reliability. 5 Furthermore,
the relatively small footprint of the pin-diodes makes
it possible to build an  extended matrix connecting a
large number of channels, such as 64 or more channels,
while  consuming relatively little board space.
Process 20 is not limited to use with the hardware and
software described herein.  Process 20 can be
implemented in digital electronic circuitry, or in
computer hardware,  10 firmware, software, or in
combinations thereof. Process 20 can be implemented,
at least in part, via a computer program product,
i.e., a computer program tangibly embodied in an
information carrier, e.g., in a machine- readable
storage device or in a propagated signal, for
execution by, or to control the  operation of, data
processing apparatus, e.g., a programmable processor,
a computer, or 15 multiple computers. 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
20 multiple sites and interconnected by a
communication network. Method steps associated with
implementing process 20 can be performed by one or
more programmable processors executing one or more
computer programs to perform the  functions of the
processes. All or part of process 20 can be
implemented as, special -13 



WO 2006/107467 PCT/US2006/007186  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 5 processors of
any kind of digital computer. Generally, a processor
will receive instructions  and data from a read-only
memory or a random access memory or both. Elements of
a  computer include a processor for executing
instructions and one or more memory devices  for
storing instructions and data. The circuitry described
herein, including the reference timing source,
processing  10 device, and pin-diode matrix, and/or
portions thereof, may be implemented as part of ATE
or as separate circuitry for use in conjunction with
ATE. Likewise, part or all of this  circuitry can be
implemented on one or more DUTs being tested by the
ATE. Process 20 can be used to calibrate a
receive-only device, meaning a device that  receives
signals but does not transmit signals. In this case,
for example, values for Ti and  15 T2 or T3 and T4 may
be set to zero in.the equation for Toffset ref to
than. Process 20 can also be used to calibrate a DUT.
In this regard, process 20 could be  adapted to use
the ATE's timing generator. For example, on a
drive-only DUT channel, a  D-flop may be added to an
output cell to provide the DUT receive capability for
calibration.  The D input may be hooked-up to a chip
pad, while the clock input and Q output of the flip 20
flop may be routed to 2 test pins on the DUT. Timing
measurement may be effected using  standard edge
search techniques. To calibrate a receive only DUT
pin, a driver would be  added to the output cell that
would be controlled by a test pin, and the Q output of
a  receiver pad would be routed to another test pin.
An input/output (I/O) DUT pin could 



-14 WO 20061107467 PCT/1JS2006/007186  incorporate
both of this circuitry. The two test pins could be
shared amongst all the 1/0  cells, connecting to one
at a time for calibration. Elements of different
embodiments described herein maybe combined to form
other  embodiments not specifically set forth above.
Other embodiments not specifically 5 described herein
are also within the scope of the following claims.
-15 What is claimed is: 1. A method for use in
calibrating an apparatus, the method comprising:
determining a timing offset between a reference signal
and a channel signal over  a signal path of the
apparatus, the reference signal and the channel signal
being output  to the signal path at different times,
the reference signal for aligning the channel signal
and other channel signals, the timing offset being
determined based on receipt times of  the reference
signal and the channel signal by comparators at ends
of the signal path  and without determining a signal
propagation time across a length of the signal path;
and using the timing offset to calibrate the apparatus
by adjusting times at which  future channel signals
are transmitted so that the channel signals
substantially align to  the reference signal in time.
2. The method of claim 1, wherein the reference signal
is transmitted from a  reference timing source and the
channel signal is transmitted from a driver in
communication with a communication channel. 3. The
method of claim 2, wherein determining comprises:
obtaining a first time at which the reference signal
is received at a comparator  



associated with the reference timing source; obtaining
a second time at which the reference signal is
received at a comparator  associated with the
communication channel; obtaining a third time at which
the channel signal is received at the comparator
associated with the communication channel; obtaining a
fourth time at which the channel signal is received at
the comparator  associated with the reference timing
source; and calculating the timing offset using the
first time, the second time, the third time,  and the
fourth time. 4. The method of claim 3, wherein the
first time is T1, the second time is T2, the  third
time is T3, and the fourth time is T4; and wherein the
timing offset is calculated as (T1 - T2 + T4 - T3)/2.
5. The method of claim 3, further comprising: -16
configuring the signal path between the communication
channel and the  reference timing source, the channel
signal and the timing signal passing through the
signal path, the signal path comprising a matrix of
circuit elements. 6. The method of claim 5, wherein
the circuit elements comprise pin-diodes; and  wherein
configuring comprises biasing the pin-diodes to obtain
the signal path  and to prevent exchange of signals
between the reference timing source and other
communication channels. 7. An apparatus for use in
calibrating automatic test equipment (ATE),
comprising:  a reference timing source configured to
output a reference signal; a signal path configured to
pass the reference signal and to pass a channel  



signal from a communication channel, the reference
signal for aligning the channel  signal and other
channel signals, the reference signal and the channel
signal being  output to the signal path at different
times; and a processing device configured to determine
a timing offset between the  reference timing signal
and the channel signal, and to issue an instruction
that causes  signal transmission over the signal path
to be adjusted based on the offset by adjusting  times
at which future channel signals are transmitted so
that the channel signals  substantially align to the
reference signal; wherein the processor is configured
to determine the timing offset based on  receipt times
of the reference signal and the channel signal by
comparators at ends of  the signal path and without
determining a signal propagation time across a length
of the  signal path. 8. The apparatus of claim 7,
wherein the reference timing source comprises a
reference comparator and a reference driver to output
signals to the signal path; and  wherein the ATE
comprises a channel comparator and a channel driver to
output  signals to the signal path. 9. The apparatus
of claim 8, wherein the reference comparator is
configured to  receive the reference signal at a first
time, the channel comparator is configured to  receive
the reference signal at a second time path, the
channel comparator is configured -17 to receive the
channel signal at a third time path, and the reference
comparator is  configured to receive the channel
signal at a fourth time; wherein the processing device
is configured to receive the first time, the second
time, the third time and the fourth time via the
reference comparator and the channel  



comparator; and wherein the processing device is
configured to calculate the timing offset using  the
first time, the second time, the third time, and the
fourth time. 10. The apparatus of claim 9, wherein the
first time is TI, the second time is T2, the  third
time is T3, and the fourth time is T4; and wherein the
processing device is configured to calculate the
timing offset as  (T1 -T2 + T4 - T3)/2. 11. The
apparatus of claim 7, wherein the signal path
comprises a matrix of diodes  and current sources to
bias at least some of the diodes conducting or
non-conducting in  order to connect the communication
channel to the reference timing source and to  exclude
other communication channels from connecting to the
reference timing source.  12. The apparatus of claim
7, wherein the signal path comprises: a current
source; at least one diode; and a transistor switch to
connect the current source to the at least one diode,
thereby biasing the at least one diode conducting. 13.
The apparatus of claim 7, wherein the signal path
comprises a matrix of relays  that connect the
communication channel to the reference timing source
and that exclude  other communication channels from
connecting to the reference timing source. 14. The
apparatus of claim 7, wherein the processing device is
part of the ATE.  15. The apparatus of claim 7,
wherein the signal path does not include relays.  -18
16. A machine-readable medium that stores executable
instructions for use in  calibrating automatic test
equipment (ATE), the executable instructions for
causing a  



processing device to: determine a timing offset
between a reference signal and a channel signal over a
signal path of the ATE, the reference signal and the
channel signal being output to the  signal path at
different times, the reference signal for aligning the
channel signal and  other channel signals, the timing
offset being determined based on receipt times of the
reference signal and the channel signal by comparators
at ends of the signal path  channel and without
determining a signal propagation time across a length
of the signal  path; and affect signal transmission
over the signal path based on the timing offset by
adjusting times at which future channel signals are
transmitted so that the channel  signals substantially
align to the reference signal in time. 17. The
machine-readable medium of claim 16, wherein the
reference signal is  transmitted from a reference
timing source and the channel signal is transmitted
from a  driver in communication with a communication
channel. 18. The machine-readable medium of claim 17,
wherein determining comprises:  obtaining a first time
at which the reference signal is received at a
comparator  associated with the reference timing
source; obtaining a second time at which the reference
signal is received at a comparator  associated with
the communication channel; obtaining a third time at
which the channel signal is received at the comparator
associated with the communication channel; obtaining a
fourth time at which the channel signal is received at
the comparator  associated with the reference timing
source; and calculating the timing offset using the
first time, the second time, the third time,  



and the fourth time. 19. The machine-readable medium
of claim 18, wherein the first time is T1, the  second
time is T2, the third time is T3, and the fourth time
is T4; and wherein the timing offset is calculated as
(Ti - T2 + T4 - T3)/2.  -19 20. The machine-readable
medium of claim 16, wherein affecting signal
transmission  comprises adjusting signal transmission
directly or indirectly. -20 


