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points.

ATE typically determines the relative timing between applied input signals and
measured output signals when evaluating the performance of a DUT. Very accurate timing
of the test system clock is often required to ensure that appropriate data is collected,
particularly when evaluating a DUT’s response to high speed signals.

It is often desirable to test the performance of a DUT relative to its own system clock.
Accordingly, ATE can typically be configured to measure output at times relative to the
DUT’s internal clock. However, measurements relative to the DUT’s system clock can be
inaccurate at high data rates and clock speeds because signal slewing and jitter significantly
affect measurement results.

Many Integrated Circuits (ICs) now include buses with a synchronous clock that
accompanies the data. It is impractical to access a DUT’s synchronous internal clock without
tying up valuable test system hardware channels. It has also heretofore been problematic to
use a test system clock to test data on buses having a synchronous clock because data on the

bus may have very high jitter relative to the test system clock.
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Brief Description of the Draw ngs The foregoi ng
and other features and advantages of the present
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of a device under test using particular elements of illustrative embodiments of the present

invention;

FIG. 5 is a functional block diagram of a method for providing a time-stamp to an
edge/event in a data or clock signal according to an illustrative embodiment of the present
invention; and

FIG. 6 is a schematic diagram of an apparatus for providing a time-stamp to an
edge/event in a data or clock signal according to an illustrative embodiment of the present

invention.

Detailed Description

An illustrative method for testing and evaluating synchronously clocked data without
directly comparing the synchronous clock signals to the data signals under test is described
generally with reference to FIG. 1.

In a sampling step 10, data signals and clock signals of a device under test (DUT) are
sampled to acquire binary values of their state at a high rate using a strobe. The sampled data
is thus acquired as a single-shot series of samples of the signal under test. It should be

understood that, although the term “single-shot” is used herein, multiple iterations of the
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access memory address of corresponding encoded data signal edge time. In a comparison

step 22, the data edge time found in memory at the clock address is compared to an expected
value to determine whether the represented data signal edge time is within pre-specified
limits of the represented clock edge time. A pass/fail indication can thereby be automatically
generated.

The sampling step 10 is performed to acquire closely spaced readings of the state ofa
data signal and/or clock signal of the DUT. FIG. 2 is a schematic timing diagram showing an
example of the relative timing of a data signal 24 edge and a clock signal 26 of a device

under test. The data signal 24 in a device under test is shown as a voltage/logic level that
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In the illustrative apparatus, a set of 31 D-|atches
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Al t hough illustrative enbodi nents of the present
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aR il be understood that various modifications may be made to the embodiments

disclosed herein. Therefore, the above description should not be construed as limiting, but
merely as exemplification of the various embodiments. Those skilled in the art will envision

other modifications within the scope and spirit of the claims appended hereto.
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conmbining a tine-stanp clock count with the tinme of at
| east one of the strobe pul ses by adding the digital
word representing the tine of the at | east one strobe
pul ses to the clock count. 2. An apparatus for
generating a tinme stanp for a digital signal,

conpri si ng: a tinme-stanp clock providing input
to sanpling circuitry, the sanpling circuitry
conprising a plurality of increasing strobe del ay

el ements in conmunication with the tinme-stanp cl ock

1mef§irﬁb for 8bndr. g\?ﬁﬁx LS Earé%&%ﬁ 18ck signal of
correspon né I%Ic ﬁchssa I es g d1 S|%n% mgna(}a
dwﬁcmoindsntgstad:om]bmangiew ce under test; an encoder

in co nlca the sanpl in ui t.ry, whi ¢ch

1 an GGG SelEbS A PGP Ao - v B i op s
frétideAcy gfeacepthaﬁ oY e%\ih’l €5 a BB§uency of aﬂe@s@ WAL @4ta kignal or clock

comminication with the tinme-stanp cl ock wherein the

signalinf the dsuicpunderdestount of the time-stanp clock to

tinme-s irc n the t

ci v AP RE e Bl b Vo SRR ket Wi ey sirpiy
ccﬁ@“xﬁe@h@eraestdfﬂe}aﬁbmmnm‘aﬁ@ edge in the digital

signal. _3. The apparatus according to _claim 2,

fur tlpr@rfldénﬂm?qr@ﬁﬁgm hetwean eaeh of thsi delay; dlernents {p repeive a

I

pIFRERY B SRbo ALY oLl b Cor o B Bl by SRR o
gﬁwﬁmmﬁhhﬂgbdhe time-stanp of the edge. 4. The

oo RE SO R CTOHeh o R BRER T ik Ree REREY of
lagzrng% 'gQ(gn SRR PR pIR Khvidg S Bbhedigiignal is a data
applylng the data signal or clock signal of the device under test to the input
signal of each of the latches;
receiving the state of the data signal or clock signal of the device under test
based on an output of each of the latches; and
combining a time-stamp clock count with the time of at least one of the strobe

pulses by adding the digital word representing the time of the at least one strobe

pulses to the clock count.

2. An apparatus for generating a time stamp for a digital signal, comprising:

a time-stamp clock providing input to sampling circuitry, the sampling
circuitry comprising a plurality of increasing strobe delay elements in communication
with the time-stamp clock wherein each of the delay elements triggers a
corresponding latch which samples a data signal or a clock signal of a device under
test;

an encoder in communication with the sampling circuitry which transforms the
sampled digital signals to edge time data in a binary word; and

a counter in communication with the time-stamp clock wherein the counter

outputs a count of the time-stamp clock to time-stamp circuitry, wherein the time-
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routing circuitry in communication with the encoder
the routing circuitry selecting the binary word having
a set polarity and routing the binary word to a cl ock
bus for use on a plurality of channels if the digital

. | . o . Ui

sithPOR A GnGinBe heRb BRI the binary TRRPOadIRIED fure DB of

anadge asthe ldigimbsighdl. configured to select clock tinme data
on the bus and use the clock tinme data to address data

stored in the nmenory; first conpare circuitry in

co [ llcH r ' t
3 ot Rl abtdrdir 16 oI HurliRf pRITAAS ke ehfi o
cirsettyrid coounpaieation math the yinerstaopuinciitrat winareinithdrtimbestamp
first conpare cifcuitry, erein the cond conpare
logip Rty aimphcoukbioe S Ve Setite Fn edar o
corresponding to specific clock tines with val ues
represented by the binary words in the nmenory. 5. The
4. appafhetapparatseceirdipgtto chlimi2afigthef cemprsingonpr i si ng:
i nput _rout.i ng Ci rcuit.trgvi%'h co ni cation vvith.thtfl bi
sanpgP RGP FETYAAYER © CNCOKCTa e G RE APTBHE 1R Pinary
wedaiBitsladidanis dda §iB@ali NpUt routing circuitry wherein
the routing circuitry sel ects, between the input |
gendprting cigmiry Hecompanisationiviéh Beleneester; thp truting ciraetry

solPRL i ik Ffyine Boer G RERAS Afbitg RRMESY Sbry B  clock
busif@nae on aplurkliey efapanadlsis tixcdigitalisitgalsare blatksignals;
wherein the digital, signal conprises a c{(%ck ii ghal .

memory address lines in communication with the clock bus wheréin the
memory address lines are configured to select clock time data on the bus and use the
clock time data to address data stored in the memory;

first compare circuitry in communication with the memory for comparing the
clock time data to the data stored in the memory; and

second compare circuitry in communication with the first compare circuitry,
wherein the second compare circuitry compares expected values of the data

corresponding to specific clock times with values represented by the binary words in

the memory.

5. The apparatus according to claim 2, further comprising:

input routing circuitry in communication with the sampling circuitry; and

an edge generator in communication with the input routing circuitry wherein
the routing circuitry selects between the input generator and the time-stamp clock for

input to the sampling circuitry.

6. The apparatus according to claim 2, wherein the digital signal comprises a

data signal.

7. The apparatus according to claim 2, wherein the digital signal comprises a

clock signal.
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