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di gi 8@y p@qht of;thartnﬁlchaxme S 110 1, 110 2 to 110-n is dedicated to a dlfferent input and/or
output (I/O) pin of the DUT 130. Each test channel 110-1, 110-2 to 110-n may be divided

into a digital and an analog signal processing part. Within the digital part, each test channel

110-1, 110-2 to 110-n comprises a channel-specific channel control block 111 coupled to
‘the central test control unit 120, wherein the channel control block 111 again controls
35  further digital test channel blocks, such as a digital test pattern generator 112 for
generating digital pattern vectors, a test pattern comparator 113 for analyzing response
vectors and a time formatting block 114 to generate pre-specified timings. Together, the
blocks 111, 112, 113 and 114 make up a so-called digital test channel. The channel control



whil e the hardware resources 115, 116 are kept external to the digital test
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As has been explained with reference to Fig. 1a, the dedicated pattern processing IC 140 is
responsible for generating digital patterns that translate, via the hardware resources 150, to
25  stimulus voltage levels to be applied to a plurality of input signal pins of the DUT 130
according to a pre-specified timing. Signals captured from a plurality of output signal pins
of the DUT 130 via the hardware resources 150 are translated into correspondmg response
vectors that may again be analyzed by the dedicated pattern processing IC 140. For this
reason, such a chip 140 typically has a plurality of digital test channels 140-1, 140-2,...,
30  140-n. In addition, external hardware components or resources 150-1, 150-2, ..., 150-n are
needed, e.g., relays 116, or signal drivers 115, that can drive various voltages. Also, ADCs,
DACs and many more hardware resources may be applied.

Traditionally, each digital test channel part 140-1, 140-2,..., 140-n in the pattern
35  processing or test channel IC 140 controls its associated analog hardware resources 150-1,
150-2, ..., 150-n, respectively. Such a setup may create great difficulties when the external
resources 150-1, 150-2, ..., 150-n are replaced for any reason with other components or
resources that behave differently. Normally, the test channel IC 140 has to be adapted in



provi de an inproved concept for automated testing of DUTs. This object is
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for testiwga11@sdsoaccording to claim9. 10 Sone enbodi mpaotr&Epedioobes4pr esent
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According to embodiments of the present invention, the apparatus comprises a plurality of

test channel integrated circuits, wherein the resource control means is shared by the
plurality of test channel integrated circuits and is adapted to multiplex différent logical
control commands from different test channel integrated circuits to a single control data

30 port, which may be coupled to a multi-channel port of a multi-channel hardware resource.
According to the present invention, the plurality of test channel integrated circuits
corresponds to the digital test channel parts 140-1, 140-2,..., 140-n in the pattern
processing or test channel IC 140 explained with reference to Fig. 1b.

35 Hence, embodiments of the present invention allow high integration of modern hardware
resources for more than one channel, i.e. so-called multi-channel hardware resources, with
only a single control port or channel, while saving control signals, space, power and cost,



10 test channel. However, physically there is only one instance of the
hardware resource. This enables test sf¥stemflexibility and reduced system
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20  Embodiments of the present invention allow an emulation of hardware resource control
protocols while keeping logical channel control commands for controlling the hardware
resources uniformed to a respective hardware resource genus (species), but independent of
the actual physical implementation of the connected hardware resource. This means, e. g., if
an ADC resource is replaced by another ADC resource, the logical channel control

25  commands delivered from the test channel integrated circuit to the resource control means
are still valid for the new, replaced ADC resource. Hence, channel resources may be
changed without changing a channel control algorithm running on the central test control
unit 120 and/or the channel-specific channel control block 111. When changing a channel
hardware resource only the respective “translation-scheme” from the logical control

30 command to the dedicated control command has to be adapted to the new channel
resource.

Embodiments of the present invention will be described in more detail with respect to the
accompanying drawings, in which:
35
Fig. 1a shows a schematic block diagram of a prior art automated test system
(ATE);



according to Fig. 3a in a conventional .test concept; Fig. 3cshows a test
channel integrated circuit coupled to d resource control neans

for a trawelatimssssf | ogi cal channel control commands tecuisreaabnsmgschannel
15control conmands, according to an enbodi nent of the present invention;

Fi g. 4ashom5 a conventional configuration of test channel ICs communicating

W th ded d hardware resources Vi hannel cific.c cation.ports;
20 Fig. diedRenmt | SHITy® SHARLOR AE HFSABE SO RAF o 1P G5 L o6 HPOF hoans.
conmuni cat| ng wi t hiregrated ciralisrand lextearati wealeg hedwarcaesovicas;a si ngl e

comuni cation port; Fig. 5aschematically shows a conventional setup of

various tests channels using 25dedi cated hardware resources, respectively;
Fi g. 5bshigg a conékys o appastiuy & testiog i deviesamdentesh@dAE), @wﬁmﬁgda@nng

with a single har degbedinRAPH RE p3&H idRhtigh;Pl ural ity of test channels in a
mul ti pl ex schene, according to an enbodi nent of the present invention; 30

Fig. 6schematically shows a bl ock diagram of an ATE using the inventive
concept ; FandaFi 9. fsdvavs caroentisial omirddiof a relaghaed harBauE E8owoo by @l digieaAns

according to an 35 di nrent of the present 1nvention. 6 WO
2011/ 088893PCT/ Engefng‘ﬁ@ﬂg%

10 Fig. 3b schematically depicts an impact of a change of the hardware resource

according to Fig. 3a in a conventional test concept;

Fig. 3¢ shows a test channel integrated circuit coupled to a resource control means
for a translation of logical channel control commands to dedicated channel

15 control commands, according to an embodiment of the present invention;
Fig. 4a shows a conventional configuration of test channel ICs communicating with

dedicated hardware resources via channel specific communication ports;

20  Fig. 4b schematically shows the usage of a shared resource control means
communicating with a multi-channel hardware resource via a single

communication port;
Fig. 5a schematically shows a conventional setup of various tests channels using
25 dedicated hardware resources, respectively;
Fig. 5b shows a concept of a shared resource control means communicating with a

single hardware resource used for a plurality of test channels in a multiplex
scheme, according to an embodiment of the present invention;

30
Fig. 6 schematically shows a block diagram of an ATE using the inventive
concept; and
Fig. 7 shows connections of a shared resource control means according to an
35 embodiment of the present invention.

The following description sets forth specific details such as particular embodiments,
procedures, techniques, etc. for purposes of explanation and not limitation. It will be
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10 hardware resource. This allows saving costs because the test channel IC 240-n

(n=1,2,...,N) does not have to be adapted each time when changing associated hardware
25  resources for communicating with DUTs. Hence, development time may be saved.

A further embodiment of the present invention shall now be explained with reference to
Figs. 4a and 4b.

30  Fig. 4a schematically shows a traditional ATE-setup, wherein each test channel IC 140-n
(n=1,2,3) comprises its own control line 320-n (n=1,2,3) and its own transceiver 420-n
(n=1,2,3) to external resources 350-n (n=1,2,3). E.g., the dedicated control communication
may be implemented according to a synchronous serial data link standard such as, e. g., the
serial peripheral interface bus (SPI).

35
For some test scenarios, the individual channel-specific hardware resources 350-n
(n=1,2,3) could be replaced by a hardware resource having a so-called multi-channel port.
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In case the different test channel ICs 140-n (n=1,2,3) do not need to access their associated
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25 CTRL accordingly. Le., first, dedicated control commands D-CTRL-1 corresponding to
logical control commands U-CTRL-1 of test channel IC 240-1 are communicated to the
DAC 550 together with a MUX-control signal for controlling a multiplexer 560, such that
the DAC 550 operates according to the needs of test channel 1. Subsequently, dedicated
control commands D-CTRL-2 corresponding to logical control commands U-CTRL-1 of
30 test channel IC 240-2 are communicated to the common DAC 550-together with the MUX-
control signal for controlling the multiplexer 560.

According to the embodiment of Fig. 5b virtually every test channel n (n=1,2,3) sees the
common DAC 550 and may configure it exactly like in the situation corresponding to Fig.
35  5a. Also, test software that already exists may be kept. In fact, there is only a single DAC
550 that may be shared between the different test channels n (n=1,2,3). The shared
resources control block 260 reacts to each channel-specific logical DAC control command,
and decides on which channel to physically connect to the common DAC 550 by means of



control neans 260 may al so be | ocated Egysically out si de the housing of the
test channel 5 1C 240. It may be inplehented as software running on the
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resource control means 260 conprises various connections or 10 interfaces,
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Anal ogously, aspects described in the context of a nethod step al so
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The shared resources control means 260 is coupled to the channel control instance 611 of

each individual test channel IC 140-n (n=i,2,...,N). Le., the common shared resources
control means 260 is fed from each individual test channel IC 140-n (n=1,2,...,N) and is
seen by each test channel as a dedicated channel resource block. The shared resources

20 control means 260 is adapted to receive uniformed channel commands U-CTRL from the
respective channel specific control blocks 611-n (n=1,2,...,N) and to generate appropriate
signals, communication protocols and sequences of control events that are required by the
external channel resources 615, 616.

25 Some of the external hardware resources may have multi-channel ports, such as, e. g., two
channel drivers as a single chip and with a single control port (e. g. SPI). In this case the
shared resources control means 260 can multiplex logical control commands U-CTRL
from a plurality of test channel ICs 140-n (n=1,2,...,N) and translate them to a single
required resource communication protocol as has been explained with reference to Fig. 4b.

30
Common general resources 650 that are not part of a test channel are virtually seen by each
test channel IC 140-n (n=1,2,...,N) as a dedicated resource. However, physically only a
single or a few instances of it exists. This common general resource 650 is controlled by
the shared resources control means 260 which can prioritize the usage control between the

35  different test channels. E. g, a plurality of test channels may have access to a single A/D or
D/A converter, as has been described with reference to Fig. 5b.




30 Wiile this invention has been described in terns of several preferred

embodi nent, there are alterations, perFutations and equival ents, which fal

wi thin thwoonpsss this invention. It should al so be netedrehiabsichere are

many al ternative ways of inplenmenting the nmethods and conpositions of the
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control neans (260) is adapted to convert the |ogical control comuand
(U CTRL) into a dedicated control comrand (D-CTRL) for the hardware
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protocof i.e. the logical control commands (U-CTRL).

15 Although some aspects of the present invention 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.

20
Depending on the circumstances, the inventive concept may be implemented in hardware
or software. The implementation may be done on a digital storage medium, particularly a
disk, CD or DVD with electronically readable control signals, which may cooperate with a
programmable computer system such that the method for testing a DUT is executed. In

25  general, the invention thus also consists of a computer program product with a program

code stored on a machine-readable carrier for performing the inventive method when the

computer program product runs on a computer. In other words, the invention may thus be
realized as a computer program with a program code for performing the method for testing

a DUT when the computer program runs on a computer or a digital signal processor.

30 '
While this invention has been described in terms of several preferred embodiment, there
are alterations, permutations and equivalents, which fall within the scope of this invention.
It should also be noted that there are many alternative ways of implementing the methods
and compositions of the present invention. It is therefore intended that the following

35 appended claims be interpreted as included all such alterations, permutations and
equivalents as falling within the true spirit and scope of the present invention.



ratus according to claim1 or 2, wherein the test channel
|3nt ngaﬁggam rcuit ° (240) com:h?’l ses, for comunicating with the
i nput or wotputosgssa of the device- 25under-test (130), acuirgedialosdcast
pattern generator (112) for generating a digital test pattern and a _tlrr:a
formatter (114) for associating a tinmng to binary values of the digita
test pattern. 4. The apparatus according to one of the preceding clains,
wherein the test channel 30 integrat a’é‘ilsrcwt (240) conprises, for
comuni cating with the input or output pin of the device-under-test (130),
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15 the dedicated control command (D-CTRL) is adapted to a physical implementation

of the hardware_ resource (150; 350; 450; 550; 615; 616; 650).

2. The apparatus according to claim 1, wherein the logical control command (U-
CTRL) received from the test channel integrated circuit (240) is independent from

20 the physical implementation of the hardware resource (1505 350; 450; 550; 615;
616; 650).

3. The apparatus according to claim 1 or 2, wherein the test channel integrated circuit
(240) comprises, for communicating with the input or output pin of the device-
25 under-test (130), a digital test pattern generator (112) for generating a digital test
pattern and a time formatter (114) for associating a timing to binary values of the
digital test pattern.

4, The apparatus according to one of the preceding claims, wherein the test channel
30 integrated circuit (240) comprises, for communicating with the input or output pin
of the device-under-test (130), a digital test pattern comparator (113) for comparing

a test pattern received from the pin with an expected digital test pattern.

5. The apparatus according to one of the preceding claims, wherein the hardware

35 resource (150; 350; 450; 550; 615; 616; 650) is arranged externally to the test
channel integrated circuit (240), and wherein the hardware resource (150; 350, 450;

550; 615; 616; 650) is adapted to connect the test channel integrated circuit (240) to

the device-under-test (130) or adapted to convert a signal of a test pattern to or
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7. he apparatus according to one of the precedmg claims, comprising a plurality of

test channel integrated circuits (240-n), wherein the shared resource control means
(260) is adapted to temporally schedule different logical control commands (U-
CTRL-n) from different test channel integrated circuits (240-n), such that the

15 different test channel integrated circuits (240-n) may subsequently access a single
hardware resource (550) in a time division multiplexing scheme.

8. The apparatus according to one of the preceding claims, wherein the shared

resource control means (260) is re-configurable for adapting the shared resource

20 control means to a physical implementation of an actually connected hardware
resource (150; 350; 450; 550; 615; 616; 650).

9. A method for testing a device-under-test (130), the method comprising:

25 receiving, from a test channel integrated circuit (240) dedicated to communicate
with an input or output pin of the device-under-test (130) by means of a hardware
resource (150; 350; 450; 550; 615; 616; 650), a logical control command (U-
CTRL) describing a desired operation of the hardware resource (150; 350; 450;
550; 615; 616; 650); and

30
converting the logical control command (U-CTRL) into a dedicated control
command (D-CTRL) for the hardware resource, wherein the dedicated control
command (D-CTRL) is adapted to_a physical implementation of the hardware
resource (150; 350; 450; 550; 615; 616; 650).

35

10. A computer-program for performing the method according to claim 9, when the
computer-program is running on a computer or micro-controller.



