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(57) Abstract: The invention concerns devices and methods for calibration an Automated Test Equipment (ATE) for automated testing
of a Device Under Test (DUT). According to an aspect of the invention, the apparatus (10) comprises a signal provider configured
to generate a signal and to apply the signal to a signal path (4) which provides a reflection, and a circuit arrangement configured to
determine a signal characteristic value of a result signal which is caused at a signal provider side of the signal path (4), wherein the
apparatus (10) is configured to vary a period of the generated signal; and wherein the apparatus (10) is configured to obtain information
about an electrical length (TD) of the signal path (4) in dependence on signal characteristic values determined for different period of
the generated signal.
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Apparatus and Method for Testing a Device-Under-Test

Description

The present invention relates to testing of integrated circuits (ICs) and semiconductor

devices by means of automated test equipment (ATE).

During a typical semiconductor manufacturing process, ICs are tested to ensure their
proper operation. The ATEs perform necessary tests to ensure functionality and quality,
with the ICs being devices under test (DUT). In general, a test to be performed on a DUT
consists of a set of digital pattern vectors that translate to stimulus voltage levels to be
applied to input signal pins of the DUT according to a pre-specified timing. Signals
captures from output signal pins of the DUT are translated into corresponding response
vectors that may be analyzed to determine whether the DUT is operating according to its
specification. The ATE generally provides a number of signal generating resources that
may generate configurable signal level with configurable timing. The tester also provides
signal processing resources capable of converting signals generated by the DUT (e.g. in
analog form) into a format (e.g. in digital form) readable by the tester. The signal
processing resources may also be configurable.

A typical automated tester for integrated circuits includes a set of so-called test channels,
each connected to separate pin of an IC or DUT. In an ATE System with digital
drive/receive channels, it is important to calibrate the timing of every channe! in order to
make sure that all channels generate/receive the signals at a predetermined time value,
relative to the DUT. This calibration is called skew calibration.

There are various ways to calibrate the timing directly at the input/output of the pin-
electronics but this is only part of the problem. Since the pin-electronics usually is located
on some board within the automated tester and the DUT is connected with some kind of
transmission lines, either cables or pc-board traces or a combination of both. This adds
some unknown timing difference, especially also due to the fact that some of this
difference is in the domain of the ATE user and not in the domain of the ATE

manufacturer.
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This poses the challenge for a timing calibration to do a measurement of this total time
difference and take the result into account when doing the final time programming of each
digital channel. The measurement is called TDR (time domain reflectometer) -Calibration.

Most digital ATE channels with moderate signal speeds are built up of a driver circuit and
a receiver or comparator circuit. It is well known in the art how to do a TDR calibration with
these two circuits. Fig. 1a shows a conventional driver circuit with a conventional
comparator circuit to implement the TDR calibration. Fundamentally, the TDR measures
the reflections that result from a signal travelling through a transmission environment of
some kind — a circuit board trace, a cable, a connector and so on. The TDR instrument
sends a signal, for example, a pulse through the medium and compares the reflections
from the unknown transmission environment to those produced by a standard impedance.
The sample point of the comparator is swept at two different thresholds in order to
measure the time between transmitted and reflected signal as shown in Fig. 1b.

However, ATE channels with very high signal speeds only consist of a dedicated driver or
a dedicated receiver, mainly caused by the DUT’s requirement (very high speed signals
tend to be uni-directional), but also by the fact that combining both circuits on the board
inside the ATE would have a significant negative effect on bandwidth, besides adding cost
for components which are not needed in normal operation.

Hence, it is an object of the present invention to provide a solution of the TDR
measurement problem at a uni-directional ATE drive channel, i.e., to avoid the significant

negative effect on bandwidth with minimum cost.

This object is solved by an apparatus for testing a device-under-test according to claim 1
and a method for testing a device-under-test according to claim 16.

Some embodiments of the present invention also provide a computer program for carrying
out steps of the invention method.

According to a first aspect of the present invention, an apparatus for testing a device-
under-test may comprises a signal provider configured to generate a signal and to apply
the signal to a signal path which provides a reflection, and a circuit arrangement
configured to determine a signal characteristic value of a result signal which is caused at a
signal provider side of the signal path; wherein the apparatus is configured to vary a
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period of the generated signal ,e.g., the signal is periodically generated, i.e., the period of
the signal is swept; and wherein the apparatus is configured to obtain information about
an electrical length of the signal path in dependence on signal characteristic values
determined for different period of the generated signal. The generated signal may be one
of sine wave, pulses with constant pulse width, and pulses with pulse width of half of the
period. The signal characteristic value may be one of root mean square voltage, power,
i.e., average power, and detected peak voltage over one or more period, i.e., positive and

negative.

According to an embodiment of the present invention, the apparatus is configured to
determine the electrical length in dependence on a variation of the signal characteristic
value over the period. The electrical length may be determined in dependence on a period
for which the signal characteristic value fulfills a predetermined criterion, wherein the
predetermined criteria is one of: local minimum, local maximum, global minimum, global
maximum and predetermined shape of variation over period. The circuit arrangement may
comprise a peak detector configured to determine a peak signal level at the signal
provider side of the signal path as the signal characteristic value.

According to an embodiment of the present invention, the circuit arrangement may
comprise a diode, wherein a first terminal of the diode is connected to the signal provider
side, i.e., signal provider end, of the signal path, a capacitor connected between a second
terminal of the diode and a voltage node, e.g., fixed voltage node, a discharge element
configure to discharge the capacitor, e.g., connected in parallel to the capacitor; and DC
measurement unit configured to measure a voltage at a terminal of the capacitor, for
example, the measured voltage represents a peak level at the signal provider side of the
signal path and is the signal characteristic value. The diode may be connected with an
anode to the signal provider side of the signal path and with a cathode to the capacitor, or
the diode may be connected with a cathode to the signal provider side of the signal path
and with an anode to the capacitor. The circuit arrangement may comprise a resistor,
wherein the diode is connected to the signal path via the resistor.

According to an embodiment of the present invention, one end of the signal path may be
connected to the signal provider and the other end of the signal path may be terminated
by an impedance having a different value to a characteristic impedance of the signal path,
or terminated in an open circuit, i.e., having an open end, or terminated in a short circuit.

The signal provider may have a source impedance which has an equivalent value, i.e., the
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difference is for example +/- 5% to a characteristic impedance of the signal path or

different value from the characteristic impedance.

According to an embodiment of the present invention, the apparatus may be configured to
set the voltage at the voltage node to a first value in a normal mode operation, such that
the diode is permanently reverse biased in the normal mode operation, and to set the
voltage at the voltage node to a second value in a test mode operation, such that the

diode is forward biased when a signal peak occurs in the test mode operation.

According to an embodiment of the present invention, the apparatus may be configured to
detect one or more extrema of the measured voltage, and to determine the electrical
length on the bases of the one or more detected extrema. In addition, the apparatus may
be configured to detect plurality of extrema of the measured voltage, and to determine the
electrical length using a ratio between periods, e.g., period duration, for which the extrema

occurs.

According to a second aspect of the present invention, a method for testing a device-
under-test comprise generating a signal and applying the signal to a signal path which
provides a reflection, and determining a signal characteristic value of a result signal which
is caused at a signal provider side of the signal path; wherein a period of the generated
signal is varied; and wherein obtaining information about an electrical length of the signal
path in dependence on signal characteristic values determined for different period of the

generated signal.

According to a third aspect of the present invention, computer programs are provided,
wherein each of the computer programs is configured to implement the above-described
method, when being executed on a computer or signal processor, so that the above-
described method is implemented by one of the computer programs.

In the followings, embodiments of the present invention are described in more detail with
reference to the figures, in which

Fig. 1a shows a conventional schematic block diagram of a circuit for implementing
a time domain reflection (TDR) calibration;
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Fig. 1b shows a schematic detected result of the conventional circuit according to
Fig. 1a;
Fig. 2 shows a schematic block diagram of a circuit for a TDR calibration

according to an embodiment of the present invention;

Fig. 3ato 3c shows a schematic diagram illustrating the time domain signals according

to an embodiment of the present invention;

Fig. 4 shows a schematic diagram illustrating the detected result of the circuit

according to an embodiment of the present invention; and

Fig. 5a and 5bshows a diagram illustrating a sample resuit of the circuit according to the

present invention.

The following description sets forth specific details such as particular embodiments,
procedure, techniques, end etc. for purposes of explanation and not limitation. It will be
appreciated by those skilled in the art that other embodiments may be employed apart
from these specific details. For example, although the following description is facilitated
using non-limiting example applications, the technology may be employed to any type of
ATE. In some instances, detailed description of well-known methods, interfaces, circuits

and devices are omitted so as to not obscure the description with unnecessary detail.

Equal or equivalent elements with equal or equivalent functionality are denoted in the
following description by equal or equivalent reference signs.

Fig. 2 schematically shows a block diagram of an apparatus 10 for testing a device-under-
test (DUT) according to an embodiment of the present invention.

The apparatus 10 may comprise a uni-drive channel 2 including a driver circuit DRV which
includes a signal provider (which is not illustrated in Fig. 2), a circuit arrangement
comprising a diode D 12, a capacitor CPD 14, a discharge element, e.g., a resistor RHZ
16 and DC measurement unit 18, and a signal path 4. In the circuit arrangement, the
diode D 12 having a small parasitic capacitance is connected with it’s a first terminal, e.g.,
anode to the signal at some point in the signal chain. That is, the anode of the diode D 12
is connected to a node VR 20 via an optional low-parasitic damping resistor DR 22, where
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the transmission into the unknown electrical length TD (e.g., signal path 4) starts, e.g., at
the output of the driver circuit DRV of the uni-drive channel 2. The other end of the signal
path 4 is not terminated, i.e., the other end of the signal path 4 is terminated at an open
circuit. The characteristic impedance of the signal path 4 is Z0 and a source impedance of
the driver circuit DRV, i.e., the signal provider has the same value as the characteristic
impedance. The same value means that the value of the source impedance of the signal
provider could have an equivalent value, i.e., +/- 5% value of the characteristic impedance
of the signal path 4. It is also possible that the value of the source impedance may have a
different value from the value of the characteristic impedance. A second terminal of the
diode D 12, e.g., cathode of the diode D 12 is connected to one end of the capacitor CPD
14 for effectively creating a peak detector circuit. The other end of the capacitor CPD 14 is
connected to a voltage node VN 24. The voltage node VN 24 may be a fixed voltage
source. The resistor RHZ 16 may be a high-impedance resistor and the resistor RHZ 16 is
connected in parallel to the capacitor CPD 14. The DC measurement unit 18 is configured
to measure a voltage of at a terminal of the capacitor CPD 14. The node at the peak
detector (the capacitor CPD 14) is monitored by the DC measurement unit 18. The DC
measurement unit 18 may be a digital volt-meter DVM or an analog-to-digital-converter
ADC. The measured voltage by the DC measurement unit 18 represents a peak level at
the signal provider side of the signal path 4 and is the signal characteristic value.

In a normal mode operation, i.e., the operation mode not calibrating, the voitage value at
the node VN 24 is pulled above the voltage at the signal path 4 so that the diode D 12 is
reverse biased and does not disturb the normal high speed drive signal. In a calibrating
monde operation (a test operation mode operation), the voltage value at the node VN 24
is pulled to a value at least one diode drop, e.g., 0.7 V, below the level of the generated
signal thus it is possible to detect the peak. When calibrating (in the test mode operation),
the signal at the anode of the diode D 12 changes in dependence on the applied period of
the generated signal. Along with the signal change at the anode of the diode D 12, the
signal at the cathode of the diode D 12 also changes in dependence on the applied period
of the generated signal. The generated signal VO may be pulses with pulse width 50% of
the period or sine wave or pulses with constant pulse width.

Each Fig. 3a to 3c shows time domain signals associated to an embodiment according to
the present invention. If the period of the generated signal is significantly larger than 4
times the electrical length TD (4xTD), then there is a typical TDR waveform at the line
and the settled peak detector shown its maximum (shown as Fig. 3a). In case the period
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of the generated signal is exactly 4xTD (3/4xTD or 4/5xTD or 4/7xTD or etc.) then the
reflection occurs exactly at the provided pulse yielding a DC signal at the node VR 20
when assuming a lossless transmission line (shown as Fig. 3b). This results in a minimum
voltage at the monitored peak detector, when it settled. In case the far end of the signal
path 4 is shorted, i.e., the signal path is terminated at short circuit, and then there are
minima when the reflections cancel the transmitted pulses. This occurs at periods of the
generated signal 2xTD (or 2/3xTD or etc.) as shown in Fig 3c.

Fig. 4 shows the DC (peaked) value at node PD vs. the signal period, with very sharp
minima at the distinctive periods. As indicated in Fig. 4, the reflection is occurred at the
period 4/5xTD, 4/3xTD and 4xTD. This corresponds to the case indicated in Fig. 3b.

As explained above, it is possible to implement the TDR-calibration with the uni-drive
channel, i.e., with the circuit without having a comparator circuit or a receiver circuit, and
hence, it is possible to avoid negative effect of bandwidth with minimum cost.
Furthermore, by reducing the circuit on the printed board, the accuracy of the test result is

also improved.

The same approach works when using the diode D 12 connected the other way round,
i.e., the diode D 12 is connected with the cathode to the signal provider side of the signal
path 4 and with an anode to the capacitor CPD 14. In this case, the respective terms in
the above explanation “below” and “above” for the node VN 24 and “minimum’ and

"maximum” at the peak detector have to be interchanged.

Fig. 5a and 5b show a sample result of a real measurement according to the present
invention. The measurement environment is:

V0=1200m Vpp

80 cm real coaxial cable, TD ~ 4.4ns

RD=0, CPD=10nF, RHZ=100k ohm

Fig. 3b is a zoom of Fig. 5a. Figs. 5a and 5b show that x-axis normalized to the minima at
4xXTD and 4/3xTD (offset) and TD itself (scale). The non-ideal behavior comes from the
fact that the cable has a frequency-dependent loss and therefore the reflected signal is
not able to fully il the gaps in the transmitted pulses. This is however well known for the
skilled person. Therefore, it should be recognized that the accuracy of the test is
improved.
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Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
described in the context of a method step also represent a description of a corresponding
block or item or feature of a corresponding apparatus. Some or all of the method steps
may be executed by (or using) a hardware apparatus, like for example, a microprocessor,
a programmable computer or an electronic circuit. In some embodiments, one or more of

the most important method steps may be executed by such an apparatus.

The inventive data stream can be stored on a digital storage medium or can be
transmitted on a transmission medium such as a wireless transmission medium or a wired

transmission medium such as the Internet.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, a Blu-Ray, a CD, a ROM, a
PROM, an EPROM, an EEPROM or a FLASH memory, having electronically readable
control signals stored thereon, which cooperate (or are capable of cooperating) with a
programmable computer system such that the respective method is performed. Therefore,
the digital storage medium may be computer readable.

Some embodiments according to the invention comprise a data carrier having
electronically readable control signals, which are capable of cooperating with a
programmable computer system, such that one of the methods described herein is
performed.

Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, the program code being operative for performing
one of the methods when the computer program product runs on a computer. The
program code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods

described herein, stored on a machine readable carrier.
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In other words, an embodiment of the inventive method is, therefore, a computer program
having a program code for performing one of the methods described herein, when the

computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the
computer program for performing one of the methods described herein. The data carrier,
the digital storage medium or the recorded medium are typically tangible and/or non—

transitionary.

A further embodiment of the inventive method is, therefore, a data stream or a sequence
of signals representing the computer program for performing one of the methods
described herein. The data stream or the sequence of signals may for example be
configured to be transferred via a data communication connection, for example via the

Internet.

A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having installed thereon the computer

program for performing one of the methods described herein.

A further embodiment according to the invention comprises an apparatus or a system
configured to transfer (for example, electronically or optically) a computer program for
performing one of the methods described herein to a receiver. The receiver may, for
example, be a computer, a mobile device, a memory device or the like. The apparatus or
system may, for example, comprise a file server for transferring the computer program to
the receiver.

In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,
the methods are preferably performed by any hardware apparatus.
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The apparatus described herein may be implemented using a hardware apparatus, or
using a computer, or using a combination of a hardware apparatus and a computer.

The apparatus described herein, or any components of the apparatus described herein,
may be implemented at least partially in hardware and/or in software.

The methods described herein may be performed using a hardware apparatus, or using a

computer, or using a combination of a hardware apparatus and a computer.

The methods described herein, or any components of the apparatus described herein,
may be performed at least partially by hardware and/or by software.

The above described embodiments are merely illustrative for the principles of the present
invention. it is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent,
therefore, to be limited only by the scope of the impending patent claims and not by the

specific details presented by way of description and explanation of the embodiments
herein.
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Claims

1. An apparatus (10) for testing a device-under-test comprising:

a signal provider configured to generate a signal and to apply the signal to a signal path

(4) which provides a reflection, and

a circuit arrangement configured to determine a signal characteristic value of a result

signal which is caused at a signal provider side of the signal path (4);

wherein the apparatus (10) is configured to vary a period of the generated signal; and

wherein the apparatus (10) is configured to obtain information about an electrical length
(TD) of the signal path (4) in dependence on signal characteristic values determined for
different period of the generated signal.

2. The apparatus (10) according to claim 1, wherein the generated signal is one of sine
wave, pulses with constant pulse width, and pulses with pulse width of half of the period.

3. The apparatus (10) according to claim 1 or 2, wherein the generated signal
characteristic value is one of root mean square voltage, power, and detected peak voltage

over ohe or more period.

4. The apparatus according to any one of claims 1 to 3, wherein the apparatus is
configured to determine the electrical length (TD) in dependent on a variation of the signal
characteristic value over the period.

5. The apparatus (10) according to any one of claims 1 to 4, wherein the apparatus (10) is
configured to determine the electrical length (TD) in dependence on a period for which the
signal characteristic value fulfills a predetermined criterion,

wherein the predetermined criteria is one of:

local minimum, local maximum, global minimum, global maximum and predetermined

shape of variation over period.

6. The apparatus (10) according to any one of claims 1 to 5, wherein the circuit

arrangement comprises:
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a peak detector configured to determine a peak signal level at the signal provider side of

the signal path (4) as the signal characteristic value.

7. The apparatus (10) according to any one of claims 1 to 6, wherein the circuit
arrangement comprises:

a diode (12), wherein a first terminal of the diode (12) is connected to the signal provider
side of the signal path (4),

a capacitor (14) connected between a second terminal of the diode and a voltage node
(24),

a discharge element (16) configure to discharge the capacitor; and

DC measurement unit (18) configured to measure a voltage of at a terminal of the
capacitor (14).

8. The apparatus (10) according to claim 7, wherein the diode (12) is connected with an
anode to the signal provider side of the signal path and with a cathode to the capacitor
(14).

9. The apparatus (10) according to claim 7, wherein the diode (12) is connected with a
cathode to the signal provider side of the signal path and with an anode to the capacitor
(14).

10. The apparatus (10) according to any one of claims 7 to 9, the circuit arrangement
comprises a resistor (22), wherein the diode is connected to the signal path (4) via the
resistor (22).

11. The apparatus (10) according to any one of claims 7 to 10, wherein one end of the
signal path (4) is connected to the signal provider and the other end of the signal path (4)
is terminated by or in one of:

an impedance having a different value to a characteristic impedance of the signal path,

an open circuit, and

a short circuit.

12. The apparatus (10) according to any one of claims 7 to 11, wherein the signal provider
has a source impedance which has an equivalent [+/- 5%] value to a characteristic
impedance of the signal path (4) or different value from the characteristic impedance.
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13. The apparatus (10) according to any one of claims 7 to 12, wherein the apparatus (10)
is configured to set the voltage at the voltage node to a first value in a normal mode
operation, such that the diode is permanently reverse biased in the normal mode
operation, and to set the voltage at the voltage node (24) to a second value in a test mode
operation, such that the diode (12) is forward biased when a signal peak occurs in the test

mode operation.

14. The apparatus (10) according to any one of claims 7 to 13, wherein the apparatus (10)
is configured to detect one or more extrema of the measured voltage, and to determine
the electrical length (TD) on the bases of the one or more detected extrema.

15. The apparatus (10) according to claim 14, wherein the apparatus (10) is configured to
detect plurality of extrema of the measured voltage, and to determine the electrical length
(TD) using a ratio between periods for which the extrema occurs.

16. A method for testing a device-under-test, the method comprising:

generating a signal and applying the signal to a signal path (4) which provides a reflection,
and

determining a signal characteristic value of a result signal which is caused at a signal
provider side of the signal path (4);

wherein a period of the generated signal is varied: and

wherein obtaining information about an electrical length (TD) of the signal path (4) in
dependence on signal characteristic values determined for different period of the
generated signal.

17. A computer program for performing the method according to claim 16, when the

computer program is running on a computer or a processor of an apparatus.
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