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delivered to a customer. Testing may be performed in order to prove and ensure the correct

functional capability of the devices. The tests are usually performed by means of an
20  automated test equipment or test system. Examples for such automatic test equipment are
the Verigy V93000 SOC for testing system on a chip and system on a package, the V93000
HSM high speed memory tester (HSM) for testing high speed memory devices and the
Verigy V5000 series. The first is a platform for testing systems on a chip, systems on a
package and high-speed memory devices. The latter is for testing memory devices

25  including flash memory and multi-chip packages at wafer sort and final test.

During testing these devices under test are exposed to various types of stimulus signals
from an ATE. The responses from such devices under test are measured, processed and
compared to an expected response by the ATE. Testing may be carried out by automated
30 test equipment, which usually performs testing according to a device specific test program
or test flow. Such an automatic test system may comprise different drivers for driving
certain stimuli to a DUT, in order to stimulate a certain expected response from the device
under test. Receiver units of the ATE may analyze the response and may thereby generate
a pass - fail information regarding the measured device.
35
Components or devices that have to be tested may comprise a high number of pins, for
example, input and output pins to be tested. Therefore, the number of drivers and receivers
which are needed for testing can be high. As a consequence, expenses for such a test



exanpl e, input and output pins to be tested. Therefore, the nunber of
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of DUTs 25 connections, electrically coupled to the commbn devi ce out put
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common device output line and a driver unit configured to provide a stimulus to the DUTs.
The driver unit is configured such that the stimulus reaches different DUTs at different
times, thereby creating stimuli time shifts at the DUTs. The apparatus further comprises a
receiver unit electrically coupled to the common device output line and a plurality of DUTs
25  connections, electrically coupled to the common device output line, so that DUT terminals
of the plurality of DUTs are electrically coupleable via the common device output line to
the receiver unit. Output signal propagation delays for DUT output signals, propagating
from the DUT connections to the receiver unit, are adapted to the stimuli time shift, such
that a test of DUTs which have identical stimulus response delays, results in a temporally
30  aligned superposition of the DUT output signals at the receiver unit.

According to embodiments of the invention a test arrangement for testing a plurality of
devices under test is provided, which comprises a common device output line and a driver
unit configured to provide a stimulus to the DUTs. The driver unit is configured such that
35  the stimulus reaches different DUTs at different times, thereby creating stimuli time shifts
at the DUTs. The test arrangement also comprises a receiver unit electrically coupled to the
common device output line, a plurality of DUT connections electrically coupled to the
common device output line and a plurality of DUTs electrically coupled to the DUT



unit configured to provide a stinmulus to the DUTs. The driver unit is
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wherein it is indeed desired (or even necessary) that the stimulus responses of the different

devices under test arrive temporally overlapping at the common tester receiver unit.
Accordingly, a single common tester receiver unit can be used to decide whether all of the
30  devices under test provide the same stimulus response, wherein a single sampling of the
input signal of the common tester receiver unit may be sufficient to provide the decision,
and/or wherein the decision, whether all of the devices under test provide the same
stimulus response, can be performed within a single bit duration of the stimulus response
signals of the devices under test.
35
Thus, a high resource efficiency can be obtained by using the embodiments of the

invention.
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receiver unit that not all devices under test provide (at least approximately) identical output

in

signals if the signal at the input of the common tester receiver unit differs from the well-
defined signal levels by more than a predetermined value.

25
Brief Description of the Figures
Embodiments of the present invention will subsequently be described by way of example
with reference to the accompanying figures, in which:
30
Fig. 1 shows a schematic drawing of an apparatus for testing a plurality of DUTs
according to an embodiment of the invention;
Fig. 2 shows a schematic illustration of the principle for testing a plurality of
35 DUTs using the inventive apparatus according to an embodiment of the

invention;



W02011/ 127973PCT/ EP2010/ 054879 5 Fig. 3shows a schematic draw ng of an
apparatus for testing a plurality of DUTs according to an enbodi nent of the
i nvent i orWORMY/122%Bows a schemati ¢ drawi ng of an appar aPG3/HPR10{08487% ng a
plurality of DUTs Shaving a plurality gf drivers and receivers, according
to an enbodi nent of the invention; Fig. 5shows a schematic draw ng of an
apparatus for testing a plurality of DUTs according to anot her enbodi nent
of the invention; Fig. 6shows a schenmatic drawi ng of an apparatus_for
testing HEpf ur al i tSHoBF agremaiimerdnnel an appaips ?ﬂ&é@%ﬁngmﬁs@lw egQPng and
a shared tester regeoMaig bRRRNIPMimés ofMHelin@sitiant ester driver/receiver
shared topol ogy for DUTs according to enbodi nents of the invention; and
Fig. 7shows a flow chart of the nmethod for testing a plurality of DUTs
accor di nBigt 4 an endhosdisrmesthemBid diawan GEsc pppritonfaftesting EplbedicnmenDY T t h
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ref erence nurreral sthdinvenensused in the different figures for functionally
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(DUTs) accordl ng tfcanligmoedbienémbddifest dfitheivemtion;s shown. The schematic

dra\l\iod]g in Fig. 1 is nerely for illustrating the inventive concept of the
met hod and the apparatus for testing a plurality of devices under test. 30
Fig. 6 shows a schematic drawing of an apparatus for testing a plurality of DUTs

comprising a shared tester driver topology and a shared tester receiver
topology, as well as a tester driver/receiver shared topology for DUTs
accordihg to embodiments of the invention; and
15
Fig. 7 shows a flow chart of the method for testing a plurality of DUTs according
to an embodiment.

Detailed Description of the Embodiments

20
With reference to the following description of the embodiments of the present invention, it
is to be noted that for simplification reasons, the same reference numerals will be used in
the different figures for functionally identical or similarly acting or functionally equal,
equivalent elements or steps throughout the description.

25
In Fig. 1, a schematic drawing or circuit diagram of an apparatus for testing a plurality of
devices under test (DUTSs) according to an embodiment of the invention is shown. The
schematic drawing in Fig. 1 is merely for illustrating the inventive concept of the method
and the apparatus for testing a plurality of devices under test.

30
According to embodiments of the invention, the apparatus 10 for testing a plurality of
devices under test may comprise a driver unit 2 which is configured to provide a stimulus
ST to the DUTs and a common device output line 5. The driver unit 2 is configured such
that the stimulus ST reaches different devices under test DUT 1, 2, 3,...,N at different

35 times T1, T2, T3,..., TN, thereby creating stimuli time shifts AST1, AST2, AST3,...,
ASTN at the DUTs, wherein the stimuli time shifts represent time differences between
points in time at which the stimuli arrive at different devices under test. For example, ASTi

represents a time between a time reference and a point in time at which the stimulus arrives



Accordi ng to enbodi nents of the invention, the apparatus 10 for testing a
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output (I?O) ~pins of DUTs. The DUT connections C1, C2, C3,..., CN can be configured

to electrically connect a device under test with a test system or automatic test equipment

(ATE). Upon receiving a stimulus ST1 to STN from the driver unit 2 each device under
30  test may be stimulated to output an output signal OS1, OS2, OS3,...,0SN.

The DUTs may receive the stimulus ST from the driver unit 2 at different times T1, T2,
T3,..., TN, i.e. time shifted, so that output signals OS1 to OSN provided in response to the
received time shifted stimuli are time shifted at the device under test connections as well.
35  The plurality of devices under test may be identical devices, and hence, they may comprise
an approximately identical stimulus response delay to a given stimulus, so that the time
shift (for example at the device connections) of the outgoing output signals OS1, OS2,
08S3,..., OSN can be predicted. Therefore, if the propagation delay (or, equivalently, the
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f or war di Q%a}sﬂ@cl@wm ﬁﬁ%%%&%h the receiver unit. 30 Adriver unit 2 is

configured to provi stimulFus ST to the DUTs. The driver unit may couple
a st?hulus ST via the comon device output line 5 to each of the DUTs. In

this casg, ttfef}@u&omgnﬂe paivdigle fosdtieH of ke epparafigyl 0ofr esEAFTHBIralRp W davidesout put

line 5, unger test F:31g<§ord1ng to an embodiment is described in more detail. Notably, Fig. 2 shows

an embodiment in which the device output line 5 is shared both for providing the stimulus

to the DUTs and for forwarding the DUT responses to the receiver unit.

30
A driver unit 2 is configured to provide a stimulus ST to the DUTs. The driver unit may
couple a stimulus ST via the common device output line 5 to each of the DUTs. In this
case, the common device output line 5 may be a common input-and-output line 5, i.e. input
signal and output signals make use of the same electrical line or transmission line. Such an

35  input signal may represent, for example, a read command or address information sent to a
memory chip upon which the read data are output to the receiver §. In alternative
embodiments the driver unit 2 is not coupled to the DUTs via the common device output

line 5, but may be coupled via a common device input line (not shown in Fig. 1 and Fig. 2)



signal and output signals nmake use of the sane electrical |ine or
transm ssion line. Such an 35 input signal may represent, for exanple, a
read conmMdOQROV123dr ess i nformati on sent to a nenory chiPETHEHFANOEMSEN t he
read data are output to the receiver 8¢ In alternative enbodi nents the
driver unit 2 is not coupled to the DU%S via the comon device output |ine
5, but nay be coupled via a conmon device input line (not shown in Fig. 1
and Fig. WO 2011/ 127973PCT/ EP201Q/ 054879 8 to each of the DUTs. This
means, tweeagbuqaidhﬁ@%"ﬁs etys BeaphUpe sgmuius L sy theeepuplqda tises gibipd via a
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DUTIL. In this case the stimuli time shift AST2-AST1 may be given by the propagation

length, propagation delay or run time difference for the stimulus between the nodes A and

B, if the propagation length of the stubs STUB1 and STUB?2 is equal or identical.

30  Generally speaking, the stimuli time shift AST2-AST1 may depend on the difference
between the propagation length of the stimulus ST from the driver unit 2 to the DUT
connection C2 and the propagation length of the stimulus ST from the driver unit 2 to the
DUT connection C1. The stimulus (or stimulus portion) ST1 may reach DUT1 at a time T1
which is earlier than a time T2 at which the stimulus (or stimulus portion) ST2 reaches

35 DUT2,ie. T2>TI.

In the same way, as described above, the stimulus ST (or a residual energy of the stimulus
ST reaching node C) may split off again at the node C, wherein a first part of the stimulus



35DUT2, i.e. T2> Ti. WD 2011/127973PCT/ EP2010/ 054879 9 continues to travel
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Subsequeryt o ahlTPLRAEDIPES BithprideMAhSleast approximately) identical stimulus response
25  delay, the output signal OS2 from the DUT2 (at the device connection C2) may be delayed
compared to the output signal of the DUT1 (at the device connection C1) by the stimuli
time shift AST2-AST1. At node B, however, a temporally aligned superposition SP1 of the
DUT output signals OS1 and OS2 (SP1 = OS1 + OS2) may develop, as it is schematically
shown in Figs. 1 and 2. Since the output signal OS1 (at the device connection C1) has a
30  time lead of AST2-AST1 compared to the output signal OS2 (at the device connection C2),
but a longer propagation length to node B, which corresponds to the time duration of
AST2-AST]I, a temporally aligned superposition SP1 of the output signals OS1 and OS2
may be achieved at node B. In other words, there may be a constructive superposition of
the signal components OS1 and OS2 at the node B.
35
At node C, a temporally aligned superposition SP2 of the combined output signals OS1 +
082 and the output signal OS3 of DUT3 may result. Subsequently all other output signals
may be superimposed, temporally aligned until the last output signal OSN of DUTN
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and of a second propagation length, for DUT output signals propagating from the DUT

25  connection C1-CN of the respective DUT to the receiver unit 8, is identical for all of the
plurality of devices under test, or within a tolerance range of, e.g., =5 %, = 3%, + 1%
or = 0.1 %. A

According to this embodiment the sum of physical or electrical trace lengths or the
30  transmission line lengths for a signal propagating from the driver unit to a DUT and for an
output signal propagating from the DUT to the receiver unit, may be physically identical
within the above mentioned tolerance range. This is schematically illustrated in Fig. 2.
There, a sum of a first propagation length and a second propagation length for a signal
traveling along the dashed line 20 to the DUT1 and a second propagation length for a
35  response signal traveling along the dashed line 20 from the DUT1 to the receiver unit 8
may be identical, within the above mentioned tolerance range, to the sum of a first

propagation delay for a stimulus propagating to the DUT2 along the dashed line 22 and a



WO 2011/ 127973PCT/ EP2010/ 054879 11 second propagation delay for an output
signal propagating fromthe DUT2 to the receiver unit 8 along the dashed
line 22. WRg/Ban®@7day be true for a sumof a first prop&GaAEPN0/0&EFLh of a
stimulus signal and a 5 second propagatj on | ength for response signal
travelling along the dashed line 24 and for the sum of propagation |engths
of a stinulus signal and a response signal travelllng al ong the dashed |ine
26 for DUT3 and DUTN. This is schematically y.the different |ines,
dashed | fasendpropggaiivadioly; fof anonpud ngn%idgﬁwarm& érozwfw DYHTE i thegiepti¥erand
dashed Imegaﬁmgntﬁéugshé@lenm nts. This nmeans, the propagation | engths of
the transm ssion paths 20, 22, 1024 and so on, up to transm ssion path 26,
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resulting in a tenporally aligned superposition of the DUT out put signals
at the receiver unit, which is different froman 25 expected or
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or an output signal mnth an incorrect output signal height, wth an
unexpected hi gh noi se or unwanted high jitter. 30 According to enbodi ments,
the receiver unit 8 is configured to conpare the tenporally aligned

super posilh¢ oeceSRRUnitodr ¢dmepabiidr buit Sumas ibgresnigwied Ho optratether valvre af Hhew

thresnol §rfRirdlfy Afked sRAIRIDATuGRA sfEhal SPR-PSPAL DA Withah kiR | Te.
or one or more threshold values. Based on the comparison it can be determined whether at

least one of the DUT1-DUTN is faulty, i.e. is malfunctioning. A DUT which comprises a
failure or which is not working correctly may, for example, output, in response to the
received stimulus ST, an erroneous output signal resulting in a temporally aligned
superposition of the DUT output signals at the receiver unit, which is different from an

25  expected or predetermined temporally aligned superposition SPN-1, indicating that at least
one DUT is faulty. Such an incorrect or wrong output signal may be, for example, an
output signal representing a wrong logical level, an output signal having a timing different
from a timing of a correctly working DUT, or an output signal with an incorrect output
signal height, with an unexpected high noise or unwanted high jitter.

30
According to embodiments, the receiver unit 8 is configured to compare the temporally
aligned superposition SPN-1 of the DUT output signals with a predetermined low
threshold value and a predetermined high threshold value at the same time. In other
embodiments, the receiver unit 8 may be configured to compare the temporally aligned

35  superposition SPN-1 of the DUT output signals in temporally subsequent cycles with a
predetermined low threshold level and with a predetermined high threshold level. This
means, according to embodiments, the receiver unit 2 may comprise one or more

comparator circuits or units configured to compare the received superposed output signal
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DUT output signals at the receiver unlt may differ by less than the b1t duration of the

output signals of the measured devices. According to embodiments of the invention, the
20  output signals OS1-OSN may be analog output signals or digital output signals comprising
a certain bit rate, bandwidth or frequency.

Therefore, the common device output line 5 may be configured such that the output signals

of the different DUTs are not shifted, at the receiver 8, by more than half of the period time
25  of the output signals if the stimulus reaches the DUT in a time-shifted way. The output

signals may have a certain data rate or clock frequency and a certain specified rise time, for

example a T10/90 or T20/80 rise time. Thereby, the rise time T10/90 (T20/80) may be

defined as time difference between an instance in time when a step response crosses the 10

% (20 %) threshold and an instance in time when the step response reaches 90 % (80%) of
30 its final value.

The devices under test which are tested with the inventive apparatus and method may be

electronic devices comprising output signals with a frequency in the range, for example,

between 1 MHz to 40 GHz, between 500 MHz to 20 GHz or between 1 GHz to 10 GHz, or
35  with an output data rate between 1 Mbit/s and 10GBit/s.

According to embodiments, the common device output or input-and-output line 5 is
configured such that a constructive superposition of the DUT output signals, which are
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temporally aligned superposition SPN-1 of the DUT signals at the receiver unit have a
temporal deviation from each other of less than the bit duration of the DUT output signals.
20
In Fig. 3, a schematic drawing of an apparatus 10 for testing a plurality of devices under
test according to another embodiment is depicted. In this embodiment, the driver unit 2 and
the receiver unit 8 are configured to be shared by a plurality of devices under test DUTT,
DUT2,...,.DUTN. In embodiments of the invention, the common device output line 5 may
25 be configured to propagate the stimulus ST from the driver unit 2 to the DUT connection

CLC2,...,.CN.

In this case common device output lines may be a common device input-and-output line 5.
Respective input/output pins or terminals of DUT1 to DUTN may be electrically coupled
30  to the corresponding DUT connections C1 to CN. This means a plurality of DUTs are
coupleable via a common device input/output device line 5 to the driver unit 2, as well as

to the receiver unit 8.

It should be noted that in an ATE test environment the signal propagating from a tester
35  driver 2 to a DUT driver/receiver and from the DUT to the tester receiver may be disturbed
by capacitive and inductive parasitic components or effects. Such parasitic effects may be
caused by the propagation path itself or by other components. A stimulus, which is
traveling from a tester driver to a DUT and from the DUT to the tester receiver unit may be
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25 reduce anf %ence, the test costs and tester costs can be reduced. The common device

output line 5 may be configured as a common device input-and-output line, which is
electrically coupled to the driver unit 2 at the first end Sa and to the receiver unit 8 at the
second end 5b of the common device input-and-output line, so that the driver unit 2
provides stimulus via the common device input-and-output line 5 to the DUT connections
30 and DUT output signals propagate from the DUT connections via the common device

input-and-output line 5 to the receiver unit 8.

As it is schematically shown in Fig. 4, an apparatus 10 for testing a plurality of devices
under test may comprise a plurality of driver units 2 and a plurality of receiver units 8,
35  which are configured to be shared by the plurality of DUTs. This means, an apparatus may
comprise a plurality of driver units which are connected via respective DUT connections,
for example, C1A, CI1B to CIN, C2A to C2N and CNA to CNN to input/output pins of
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according to embodiments, the stimulus ST is not send via the same electrical line or

y couple

transmission line to the corresponding DUT, via which like an output signal triggered by
the stimulus ST is propagating to the receiver unit 8. According to examples, the driver
unit 2 is configured to be shared, via a common device input line 6, by the plurality of
20 DUTs and the receiver unit 8 is configured to be shared, via the common device output line
5, by the plurality of DUTs. The electrical line or transmission line may again be described
by means of a characteristic impedance ZO. The common device output line 5 and the
common device input line 6 may each be coupled via corresponding termination resistors
R to a ground potential in order to suppress possible signal reflections.
25
In Fig. 6, a schematic drawing of an apparatus 10 for testing a plurality of devices under
test using such a “daisy chain” method of testing devices, as described above, is shown.
The apparatus may comprise a plurality of driver units 2a wherein each driver unit 2a is
coupled via a common device input line 6 to an input DUT connection I1A, I1B etc., and
30  consequently to a plurality of DUT input terminals 13 or pins of a DUT to be tested. Each
of the common device input lines 6 may comprise or may be described by a certain
characteristic impedance ZO, and it may be coupled via a resistor R to a potential, e.g., a
ground potential gnd. Furthermore, the apparatus may comprise a plurality of receiver units
8a or comparator units, each of them coupled via a shared common device output lines 5 to
35  DUT connections C1A, C1B, etc., and wherein each of the common device output line 5
may comprise a termination resistor R to a potential, e.g. the ground potential gnd.
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Fig. 7 shows a schematic flow chart of a method for testing a plurality of
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met hogd,  §ihRrpakitidH| 01Sthe DEPRIukRA siRali diftRE enbeivallRitaThdiDURS SRtelddfiBSly SO
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el ays, Lenpor shi fted out put, signal s.are, provi a ut.put s
o put Bt SHic BB ¥ sty B PP tisifonier e Rrieti
further signqjs,afutpuuei_gjnplvpmpa'tgaa'omde]lamjfcwhleUsT_esutpm(ségnalsrmoﬁagatiag tf@npﬁreal |y
al i gned D%Tskégrﬁhﬂ%s&t D?J’r QSm%gt‘l?% YR v Ry aé{lpté & ‘Eh‘%cﬁhﬁﬁﬁ{ (il € -

The s are electrically cou via a comon out put’ device [ine to the
recei ver shifis.tso thei e tenperat alignmeat f the singleHaU Dowtpat sighdprpoy bd a0hieyhdf t ed at

t he DUT connections because of the stimuli tine shifts of the stinulus. In
order to,recejve a tenporally aligped superpositio f the out. put

si gnal s, Asmrgws 9 gihgr 5?133% tso%ﬂaeqtayﬁf Becing Bl %u@gm%gﬁﬁg@d

pr opagat supgrgositisntdfehel DUDHutprsignail iacladesRiddingahe ©EIT omput sigidds so eleiaver
uni t;are, adapted . to the imuli A4 me shifts, t hat te r.al. al i gnment
of the" SIREPRR B! Rt Tl of hRpl s GRnpr YR o e HRTRA BhigRiabl
enbodi meptedstetrhised thepshofd vauerasihigt tkOreeeivanpdrifikll thaDlgisauosidp edqutisalt i on
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15 tenporally aligne superE05|t|on of " the output_s %gals conpri ses an
expect edSignaf.A§- AMIoMpReRfdie PHPHEHSHT WaNn bp delpxedier the Sranagaiion tae magei ver

unit if gé; brdl&%ew%h@ﬂé&iéﬂdﬁlrﬂpd?ﬂttb%errcﬁ REp@SLs, dhihat H’F@ﬂﬁqraﬂy @Bgred N
tim adj ust nent e a .to the out put signal s, e. one or
ror 6201 PHRETISOSt VN g R et TR an e TP PEgRH At EerEoHEY be
pr ol ongedniar shortened conpared to other output signals, so that a
tenporally aligned 20 superposition with an expected timng and a
predeterm ned value results at the receiver unit. Mreover, the inventive
met hod nioreveprthe ivaniéreapetbpd arnranipge & isteptad wpmpating the|temnerally aligned
super posigefybshfont BE BETDRH! Riipt! BALIS AL N eckREPT HAL WK fondl b BR ©F
25  predetermined threshold values at a strobe time or in a strobe window. This means, the
superposed output signals reaching the receiver unit may be compared with a
predetermined threshold value at a certain point in time or strobe time or within a strobe
window. The superposed signal of the DUT output signals may be checked with respect to
its timing and to its level. This may be performed at a certain point in time or strobe time
30  or within a certain time range or strobe window. During such a strobe window the level of
a temporally aligned superposed signal must not be lower than a certain threshold value,
for example, or it must be within a certain voltage level range, if all duts provide identical

(but slightly time shifted) output signals.

35  According to embodiments of the inventive method, the step of comparing the temporally
aligned superposition of the DUT output signals may be performed with a predetermined
low threshold value and a predetermined high threshold value at the same time (dual-level
method). Therefore, a receiver unit may include two comparators in order to compare the



25 predeterm ned threshold values at a strobe tinme or in a strobe w ndow.
Thi s neans, the superposed output signals reaching the receiver unit may be
conpar ed WOt2p114278det er mi ned t hreshol d val ue at a cert &CH/EPa01610548/9 t | me or
strobe tine or within a strobe w ndow.iglThe superposed signal of the DUT

out put signals may be checked with respect to its timng and to its |evel.
This nmay be perfornmed at a certain point in time or strobe tinme 30 or

within a certain ti ran or strobe w ndow. Durl a, strobe w ndow
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correct ohe puentive ethqd mey fptfrgmere compase ‘Ekﬁaﬂtffpyof) RUtPTHiEg; Hfashsigda ¢fet hod
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eve 1S, Can e ec or e e, USl e resno eci si on
or 58! ng e R BE Y At do parlp, e pr s fEe e KNG AF ain oo

wor Ki ng doeshett de¢isionsr esponse to a certai n stinulus and which, for exanple,
does not react at all, i.e.. does not output a signal, or outputs the

out put signal too early, too late, with incorrect timng or with a signal
hei gB® dé&bt ardsagee of a DUT which is not working correctly in response to a certain stimulus

and which, for example, does not react at all, i.e.. does not output a signal, or outputs the

output signal too early, too late, with incorrect timing or with a signal height deviating

from a signal height provided by a correctly working DUT, can be detected by the receiver

unit, and hence a failure signal can be generated, which indicates that at least one DUT is
35  faulty.

In some embodiments, further testing can be performed to decide which DUT out of a
plurality of DUTs does not provide a correct response. However, this is not required.



froma signal height provided by a correctly working DUT, can be detected
by the receiver unit, and hence a failure signal can be generated,

whi ch i nawoabus12f47dt at | east one DUT is 35faulty. WO PCI/EP2010/054879

2011/ 127973PCT/ EP2010/ 054879 19 It shoyyd be noted that according to

enbodi nents, the inventive nethod, or at |east a part thereof, can be
performed using a conputer program having a program code for performng the
nmet hods as described herein. 5 The above descri bed enbodi nents are nerely
illustrative for the principles of the present invention. It is understood
t hat nodItfshoaltli lenstehthay ascoaiing ttserabodimenta) tha hgemené netd, beatdlessdial gart

descri be el il parent to others skilled.in the art. It i.s the
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cl ai ns apetforotingthetnheshads asdessiribed hekeinai | s presented by way of description
and expl anation of the enbodi nent therein. Although sone of the Figures 1

to 6 are illustrated as bl ock diagrans_of an apparatus, these figures
si mul t anébgidpgredescribed; ambpgiments ate merely Hustrae fahtearingtplen ofctie present
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machi ne readabl e carrier, the progfam code being operated for performng

the i nvefitrchenabsieherreesppchtotthe MeBIPA @8 progr am product runs on a conputer .
In other words, the inventive nethods are, therefore, a conputer program

havi 19, anphogkAM,eode,! riBSLLOL 09,20, LERSE L 088 Sl erlBY S hvGnd! Mods
2011/ 1279i¢81e0T/caRPAe1 nfle:h8mMed A0 Hakdwars orlinAppwant. UEhg irfplementaties toamdbea
plural i t Yo @fmfaUshifpSa $RAST sthiG8e melMht)in phRRuAPRAGRE, YSD YRR ¢1S | of Blue-ray
having electronically readable control signals stored thereon, which cooperate with
programmable computer systems such that the inventive methods are performed.
20 Generally, the present invention is therefore a computer program product with a program
code stored on a machine readable carrier, the program code being operated for performing
the inventive methods when the computer program product runs on a computer. In other
words, the inventive methods are, therefore, a computer program having a program code
for performing at least one of the inventive methods when the computer program runs on a
25  computer.



5 a comon device output |line (5); a driver unit (2) configured to

provide a stimulus (ST) to the DUTs (DUT1, DUT2, DUT3,...,DUTN), wherein
the drivewoumu12{Zp is configured such that the stinml uSCIEPHONEET
different DUTs at different tines (Ti,oJ2, T3,...,TN), thereby creating

stimuli tinme shifts (ASTI, AST2, AST2, ASTN-1) at the DUTs; a receiver unit
(8) electrically coupled to the conmon device output line (5); and 15a
plurality of DUT connections (O, C2, C3..., CN) electrically coupled to
the common device output line (5), s&lBE DUT terminals of the plurality
of DUTs are electrically coupleable via the common device output |ine (5)

to the receiver_unit rein_output .si I i T1,
Aoz, AORy | e d Dbt e SRRy br 858 R RATRLER, U BRedP
fromthe DUT campesibgons 20(Cl, C2, C3..., CN) to the receiver unit (8) are
adaptgd to the stimuli tine shifts (ASTI, AST2, AST3, ASTN), such that a
test of DUTs having identical stinulus response delays results in a
tenporal |y al pgaeEnosdsaics @Ryt e (BPN- 1) of the DUT output signals (0SL ,
0S2, 0S3,..., OSN) at the receiver unit (8). 252. Apparatus (10) according

to claimi1,wherein a.symof_.a first propagation ngih i it
(2) to the’ DUF deat {aorasuetl Preliod s ¥y 1S BRI RO AT RORID S of "
second pr opa]gmwmﬁl,emgt}h), fntieredn BAdTdrver puatt (2) rnainfig@sd spcl) 82t tiES8imulus  OSN)
propagating fromthe. i . , f ive

DUT ?@ t he reli%_aic eesr'gltgr?ﬁm?g?ﬁl?gatt idg@eﬁ%’lgc%?lg%ggzﬁ’ g?"'t"ne blﬂflﬁgifyir ?%Q%? DUTs
30(DUT1, DUT2 stibuti3ime shiftUN§T 1t S8, ABEL.ed, MPTNr D ahthedPel8ince range of 3%

1% or 0.1% 3. Apparatus (10) according to one of the clainms 1 or 2,
wherein the common devj ce

that arrival BIPRSEVHINK (Y W‘Eﬂﬁlﬁ’ﬁﬁ?ﬂggt&ﬁgﬂt&§|°’|Pg§’1’(‘§gi,cle%§§’%%é%{g)ie a.dn,ds gkl)

which are shifted relative to each other in accordance with the stinuli

e i of DIED Ganasehions {C R ch83 DYToRP URheb i) Soffled ¥ the
common device output line (5), so that DUT terminals of the plurality of DUTs are
electrically coupleable via the common device output line (5) to the receiver unit
(8), wherein output signal propagation delays (AOT1, AOT2, ..., AOTN) for DUT
output signals (OS1, OS2, OS3,..., OSN) propagating from the DUT connections

20 (C1, C2, C3..., CN) to the receiver unit (8) are adapted to the stimuli time shifts

(AST1, AST2, AST3, ..., ASTN), such that a test of DUTs having identical stimulus
response delays results in a temporally aligned superposition (SPN-1) of the DUT
output signals (OS1, OS2, OS3,..., OSN) at the receiver unit (8).

25 2. Apparatus (10) according to claim 1,wherein a sum of a first propagation length
from the driver unit (2) to the DUT connection (C1, C2, C3..., CN) of a respective
DUT and of a second propagation length for a DUT output signal (OS1 , OS2,
083,..., OSN) propagating from the DUT connection (C1, C2, C3..., CN) of the
respective DUT to the receiver unit (8) is identical for all of the plurality of DUTs
30 (DUT1, DUT2, DUTS3,...,.DUTN) to be tested within a tolerance range of £ 3%, £

1% or £ 0.1%.

3. Apparatus (10) according to one of the claims 1 or 2, wherein the common device
output line (5) is configured such that arrival times of the DUT output signals (OS1

35 , 082, 083,..., OSN) which are shifted relative to each other in accordance with
the stimuli time shifts (AST1, AST2, AST2, ..., ASTN-1) at the DUT connections at



21 the receiver unit (8) differ fromeach other by less than a bit
duration or period duration of the DUT output signals (0S1 , 0S2, 0Ss3,...,
OSN) . Appsioabusi2¢98) according to one of the clains 1 t®C3/EPMISOSISM t he
comon device output line (5) is configured such that a constructive
superposition of the DUT out put signals, which are shifted relative to each
other in accordance with the stinmuli time shifts (ASTI, AST2, AST2, ASTN)
at the DUT connections is detectable at the receiver unit ( ). Appar at us
(10) accor di rige recedves vt Bhaifddrairoms epck @ther byhlessethan tahbit dyration dareried
output |ine (Qira@oiitheDUBCAINE@TsidMIst(0SE) cmeosgnfl g)\snx%g such that digital
| evel s of the DUT output signals (0Sl 6S2, 7083 ., N) provi de added
DUT out put signal levels at the |nput of the recel ver unit (8) in a

t enpor al 4.y aIAgmatuwaM) abpprdingttti oné b@)headmmsdi g3t whasia thé comeonldeivice 1 to

DUTV\@Er ein the N qeyi & ﬁ LR Wit g ?3ns{rﬁctfhn§d8?# 9‘?’103 ththE *ﬁ‘ﬁqf or

avi ng i YeRt'i B ST Ml response s at
t he receiver (Mplﬂ :(lst)alszo\rvrlpphsaee erIf@dlmkatwg teeﬁ@hhcqtllt@rmaaqce 0¢€aIW1 theat i on
of less than g hi uﬂ’séré}hgté)'@z\s’f‘b'&@ri oagTaNe. LLmaf 8l e BYiTgBGhections is
super position_ ( SPN- DUT out put si'gnals {OS1 OSN) .
Appar at us ( 109¢ Qfé@é?%ﬁtharqc@v%‘éubﬁ‘s)the clains 1 to 6, V\herel n the dri ver
uni t (2) and the receiver unit (8) are configured to be shared by the

glngr t e cl‘gul-?r?éaé%#‘%’éﬁgéPr?nFl’?éﬂ?e gUT‘i’QIEDeIr tcﬁﬁap‘?’ %%‘Jl tpé (|I:1C Ig/g::ﬁntg otO

conpare the t@nptﬁrlﬁjel(y) ald tga ecteepenip(®iatre conflgBi-siiph tfat digﬁaDWelo of that

signals with o r ol ] hi gh
threshol d | eval SELRIM gé oA e e R )
wherein the rlevds aicthe Mmllt Of § r¢asivied it Qﬁ)ﬂedth@P@d@de@eﬂh‘@Yt enporal |y

al i gned superposition (SPN-1) of the DUT output signals wt h a

predeterm ned | ow threshol d | eveI and with a predetermn reshol d

| evel? i nb+t enpbPearitys §HsseRrdme teyae th%ﬂﬁ‘é‘?%fﬁ% (‘Ygﬁre’é‘ctg Ve of
the clains 1 Mi &llﬂwﬂ ﬁldamﬁ cll 66& thef fod MU T vingSidemival githelds t@p@mﬁeput a

o et ALl P LT
2011/ 127973P(Iiﬁ1&P2®ékﬁ¢cﬁ514deat®ﬁ dfdaysothan laybiatirghend whipk fpros thei f@mp@@lﬂbd- 1) in
a predetermn ] t t S&t 1 gfef iy

havi ng |dent|§ nggﬁpﬁurpaégp@g p%t\rlﬁ}g déﬁ%yggtreg‘t Sl?ﬁag expe(g?}ed terrporal |y
al i gfed super@8580)tion (SPN-1) of the DUT output signals, and wherein a test
of a set of DUTs conprising at | east one defective DUT 5resu|ts in an

unexpect g0 SURStpock N An et o heanly one, DUT sLanal oSS 000
manner . the receiver unit (8) are configured to be shared by the plurality of DUTs (DUT]I,
DUT2, DUTS3,...,.DUTN).
25
8. Apparatus (10) according to one of the claims 1 to 7, wherein the receiver unit (8)
is configured to compare the temporally aligned superposition (SPN-1) of the DUT
output signals with a predetermined low threshold level and a predetermined high
threshold level.
30
9. Apparatus (10) according to one of the claims 1 to 8, wherein the receiver unit (8)
is configured to compare the temporally aligned superposition (SPN-1) of the DUT
output signals with a predetermined low threshold level and with a predetermined
high threshold level in temporally subsequent cycles.
35

10.  Apparatus (10) according to one of the claims 1 to 9, wherein the receiver unit (8)
is configured to output a fail signal if at least one DUT signal from one of the
plurality of DUTs (DUTI1, DUT2, DUT3,...,.DUTN) does not contribute to the



11. Apparatus (10) according to one of the clains 1 to 10, further
conprising a common device input line (5) electrically coupled to the
driver umwO202)127¢8d 10 wherein the driver unit (2) i sPcomreguoes’e o
provide the stinulus (ST) via the commpn device input line (5) to a
plurality of input DUT connections (IL 12, 13,..., IN to which input DUT
termnals of the pl urality of DUTs are electrically coupl e-able.

1512. Apparatus (1 ing to,. one he clainms 1t 10 vvh rein_the
common devi cee@@f’fﬁ’bﬁ’ 21? ﬁlg)erl?%lt{%rﬁs%] )dg BRredet ?‘erem the

i nput - and- out fastt of kNt eifaﬁtnndefedtivy IDU(I@I}edlﬂgoldehﬁcaursitmeﬂuwmspox(sz)deaztysa

first end (b5a d to the . receiven, unit h t hat
the-driver unietarop Brourat ety e SheloshioRTEPRCH R oo DU ot

i nput - and- out:pgrtals iané wherdime t¢UTL & o¢trod QAW Bheoni@iisingCH, leas8 o@Njlefe@vedadTsuch
that PUT out p%%ul?s' anal 1§ne(x9§]te %&osgﬁ:ﬁ’ in: whlc@l\!?eaﬁr&ﬂ@@tfesléﬂa@ AbéotDUT

connecti ons commn devi ce i nput-and-output |ine
to the recei v%qntfehﬂt% tO(tey temppraiisilicned A¥RFEPRSFHODIB the RISHStetgNiBedmaRnari ty of
devi ces under test (DUTs), the test 25arrangenent conprising: a conmon

devi ce oyt put  |Iine a dr uni t nfigured t ovide a.stinulus
(ST o The" comatteph I fefohunE s e obihe, s 3 16 o oL JihG B ih o

t he stinmul us &Q‘ﬁ:ﬁhoﬂi eiwtbean@un‘ liee €6} eB!dﬂEEa(l@LEBhpleﬂ)LfBZtheDﬂf[@er unit PR)TNndat

di f fgrent tirre TN) b L.l ghifts
(ASTI, AST2, %T%—‘YL m}u 9‘? ls’liﬁlfntf@%l1 %r%éc iVer {?Q ?Q“t@)ﬂ g@ct Il caI ly
coupled to th@mmnndhwgl@mpoehm@bmapluﬁéﬂy QSIHPWZDUT CODneCUOHS (11,12, 13,.

2011/ 127973 P%M b A g@ﬁ?f)@}ﬁérﬂ‘hn& SLerH‘lé I:)Dﬁr fy m”[(s%é}ecmgy couple-

el ectri y coupl ed connections (d, C3...,
CN) V\/nereln ?put si gnal propagatlon deI ays (AO0T1, AOT2, . AOTN) for DUT
out put signals (0S1 , 0S2, 083 ..... GSN) propagati ng fromthe DUT

d d
Che T i ntdr ¢ pberdie ([T apsstine tnish o e AR ) Whgle g Bt RRIES, Py
plurality of &ufpst livev(Shis cohdighiedads asctammbmde\ne;smpn‘emddeltm}tshnee@cdtmaﬂiyn a
Lemporally al &g@ RURAETARRRE LR efﬁ%@& @)ﬁ Ghafdb BBV Al 4 QST

0S2, 0S3, the rece
secon: end (Sb) such that the driver umt (2) provides a stimulus (ST) via the

common device input-and-output line to the DUT connections (C1, C2, C3..., CN)
20 and such that DUT output signals (OS1 , OS2, OS3,..., OSN) propagate from the
DUT connections (C1, C2, C3..., CN) via the common device input-and-output line

to the receiver unit (8).

13, Test arrangement for testing a plurality of devices under test (DUTs), the test

25 arrangement comprising:
a common device output line (5);

a driver unit (2) configured to provide a stimulus (ST) to the DUTs, wherein the
30 driver unit (2) .is configured such that the stimulus (ST) reaches different DUTs

(DUT1, DUT2, DUTS3,...,.DUTN) at different times (T1, T2, T3,...,TN), thereby

creating stimuli time shifts (AST1, AST2, AST2, ..., ASTN-1) at the DUTs;

a receiver unit (8) electrically coupled to the common device output line;
35

a plurality of DUT connections (C1, C2, C3..., CN) electrically coupled to the
common device output line (5); and



1014, Test arrangenent according to claim 13, wherein the common device
output line (5) and the receiver unit (8) are configured such that the
di gital 1wW0ebs/Bf978he DUT output signals (0S1 , 0S2, OSBCT/EP201085879r ovi de
added digital signal levels at the inpyt of the receiver unit (8) in a
tenporally aligned way. 1515. Method for testing a plurality of devices
under test (DUTs), the nethod conprising: applying (100) a stimulus to

DUTs, such that_ the sti Ius reaches different DUTs at different ti
thereby creat? ﬁb“éltt.‘v’ 1P ﬁ RRUdH; DI PY Ré - DOFSINhplgctEically eoppled FPerH%UTs

g(r) ovlj de tenpobdtl %bj@h¢tf®?dCM2F%pL{ltCN),g\gl@érémldilt}ﬁL&f:‘sEg?iﬂBpr(fcp@gétftﬁ &dlaysul us;
and receivi e ned  supe 1 Q e ut put
signal s of t h@%ngéiriarg@meépydﬂfi%‘ﬁﬁ%rséﬁ?wﬁ@éwsgrgggl 'et[:)b_ﬁll\@al Fy
coupl ed vi a apropagating dewm the IPUT potndctines (@, GieCBec,eEN)aﬁo_ therrdceivandnitd®r ei n
output signal,ptg otﬁé‘stﬂﬁhﬁiﬁﬁae?si A (A5, MYF2 OA’%P% ZAgf‘ﬁ'tlﬁeﬂg p%ﬁﬁ“ ng

fromthe DUTterm celver unit are a imuli tine

shifts, therelsst qfrtbe/phiraigy 6D Frehavingpisienticah stigitve nespone dalaststiesnliade ér di ng
to claim 15, whpbRll dfified seRnRlsidACSPK Nof i DUT uTRBIEAKKYOS1 | 052,

al i gned super It ut put signal s includes adding the DUT
out put 30si gn (§§ @ENP]%&‘%TG{CGW]%W&T& al i gned superposition of the DUT
out put si gnal s results at the recei ver unit. 17. I\/Et hod according to one of
t he 1 her conpri st.e a the ..
Lonplitai 15 ar Tih el et dSorFERTGeHRE bRl od orBire A qufi tine
35recei ver un(sp aml the wpavearumo(de apy exdigeradi smehi thal rtlmtthgitd lvedluesthetDETst r obe
tine or in output signals (OS1, OS2, 0S3,..., OSN) provide added digital signal levels at the

input of the receiver unit (8) in a temporally aligned way.

15 15. Method for testing a plurality of devices under test (DUTSs), the method comprising:

applying (100) a stimulus to DUTs, such that the stimulus reaches different DUTSs
at different times, thereby creating stimuli time shifts at the DUTs, and such that the

DUTs provide temporally shifted DUT output signals in response to the stimulus;
20 and

receiving (110) a temporally aligned superposition of the DUT output signals of the
DUTs at a receiver unit, wherein the DUTs are electrically coupled via a common
device output line to the receiver unit, and wherein output signal propagation delays
25 for the DUT output signals propagating from the DUT terminals to the receiver unit
are adapted to the stimuli time shifts, thereby providing for the temporal alignment.

16.  Method according to claim 15, wherein the step of receiving (110) a temporally

aligned superposition of the DUT output signals includes adding the DUT output

30 signals, so that a temporally aligned superposition of the DUT output signals results
at the receiver unit.

17.  Method according to one of the claims 15 to 16, further comprising the step of

comparing the temporally aligned superposition of the DUT output signals at the

35 receiver unit with one or more predetermined threshold values at a strobe time or in
a strobe window.



a strobe wi ndow. WO 2011/127973PCT/ EP2010/ 054879 24 18. Method accordi ng
to one of the clains 15 to 17, further conprising the step of conparing the
t emrpor al lwyoabigned3super positi on of the DUT out put sign&C3/ERRoml0sss3ane ti me
with a predetermned |ow threshold valye and a predetern ned high threshold
val ue, to decide whether there is a defective DUT. 19. Method according to
one of the clains 15 to 17, further conprising the step of subsequently
corrparin the orall aI| ned_super posi fio the DUT out put sig
o tha oo MEHAEPEIRS Hr B5nor P GRS Ao vy Rhes SHOT ST HE SR g
threshol d val empa2ihg ﬂdéttdsmploraltjaahghddgs@erpomaomfof tt]liteDtU"labn@quﬁgha:ls BBthe
further conprjgsi iy the LRyt I one
DUT si gnal fr%)m ORe ot fl Brﬁ%fitre §f{ n?(lll 15#’%110@0\'%&%%@&61 det lh&f%gc
tenporal | y al thygsboldsiapesy rm@qdeovhqthﬁr&hqm awedeéwﬁnvn&UTmnner. 21. Conput er
program having a pr ogram code for perform ng the nethod as clained in one
of the clalms 15 to 20.

19. Method according to one of the claims 15 to 17, further comprising the step of

subsequently comparing the temporally aligned superposition of the DUT output

signals with a predetermined low threshold value and with a predetermined high

threshold value.
10
20.  Method according to one of the claims 15 to 19, further comprising the step of
outputting a fail signal, if at least one DUT signal from one of the plurality of
DUTs does not contribute to the temporally aligned superposition in a
predetermined manner.
15

21.  Computer program having a program code for performing the method as claimed in

one of the claims 15 to 20.



