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(57) ABSTRACT 

The electrical circuit includes a plurality of circuit compo 
nents which are connected via a bus. At least one of the 
circuit components can be tested independently of the other 
circuit components. The circuit component which is to be 
tested and the method for testing the circuit component are 
distinguished in that Steps are taken to ensure that, during 
testing, the circuit component which is tested, outputs no 
data to the bus, and/or instead of the data which would need 
to be output to the bus during normal operation, outputs 
other data to the bus. 

38 Claims, 2 Drawing Sheets 
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ELECTRICAL CIRCUIT AND METHOD FOR 
TESTING ACIRCUIT COMPONENT OF THE 

ELECTRICAL CIRCUIT 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electrical circuit hav 
ing circuit components that are connected through a bus 
where at least one of the circuit components can be tested 
independently of the other circuit components. Additionally, 
the present invention relates to a method for testing a circuit 
component that is connected to other circuit components 
through a bus, where the circuit component that is to be 
tested, can be tested independently of the other circuit 
components. 

The circuit component that is to be tested is, by way of 
example, a So-called macro of an integrated circuit. When 
testing an integrated circuit, particular macroS need or are 
intended to be tested individually, i.e. independently of the 
other circuit components of the integrated circuit. 

Although only a relatively Small part of the integrated 
circuit is tested during Such tests, Such tests are frequently 
relatively complex, particularly on account of the very high 
currents that can flow through the integrated circuit during 
testing, and on account of the associated extreme evolution 
of heat. For the aforementioned reasons, unreliable test 
results are Sometimes also obtained. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide an 
electrical circuit having circuit components that are con 
nected through a bus and a method of testing at least one of 
the circuit components independently of the other circuit 
components which overcomes the above-mentioned disad 
Vantageous of the prior art electrical circuits and methods of 
this general type, and in which the circuit components that 
are to be tested, can be reliably tested with a minimum 
amount of effort. 
With the foregoing and other objects in view there is 

provided, in accordance with the invention an electrical 
circuit that includes a bus, and a plurality of circuit com 
ponents which are connected via the bus. At least one of the 
plurality of circuit components defines a circuit component 
to be tested and is configured to be tested independently 
from all others of the plurality of circuit components. The 
circuit component to be tested is configured to perform an 
operation, during the testing thereof, that is Selected from the 
group consisting of outputting no data to the bus, and 
outputting data to the bus that is other than data which would 
be output to the bus during normal operation. 

With the foregoing and other objects in view there is also 
provided, in accordance with the invention, a method for 
testing a circuit component which is connected to other 
circuit components via a bus. The method includes a step of 
providing a plurality of circuit components that are con 
nected to a bus. At least one of the plurality of circuit 
components is configured Such that it can be tested inde 
pendently from all others of the plurality of circuit 
components, where the at least one of the plurality of circuit 
components defines a circuit component to be tested. While 
testing the circuit component to be tested, an operation is 
performed, with the circuit component to be tested. The 
operation is Selected from the group consisting of outputting 
no data to the bus, and outputting data to the bus that is other 
than data which would be output to the bus during normal 
operation. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
Accordingly, the electrical circuit and the method are 

distinguished 

in that, during testing, the at least one circuit component 
which can be tested independently of the other circuit 
components outputs no data to the bus and/or, instead 
of the data which would need to be output to the bus 
during normal operation, outputs other data to the bus 
(characterizing part of patent claim 1), and 

in that Steps are taken to ensure that, during testing, the 
circuit component which is to be tested outputs no data 
to the bus and/or, instead of the data which would need 
to be output to the bus during normal operation, outputs 
other data to the bus (characterizing part of patent claim 
2). 

By providing these features it is possible to ensure that the 
output drivers of the circuit component which is to be tested 
do not consume any power at all or only very little power. 
This is plausible for the case in which the circuit component 
which is to be tested outputs no data to the bus, but also 
applies to the case in which data are output to the bus. This 
is because the data which, if at all, are output to the bus by 
the circuit component which is tested, while it is being 
tested, are not the data which would be output to the bus by 
the tested circuit component during normal operation. The 
data can therefore be Selected and output Such that the power 
consumption of the output driverS is minimal. 
The output drivers have a low power consumption when, 

amongst other things, the data which are to be output to the 
bus do not change or change only infrequently. The reason 
for this is that, in this case, the bus lines, which can have a 
considerable capacity and which may require relatively high 
currents for reloading them, particularly at high clock 
frequencies, need not be reloaded or need be reloaded only 
infrequently. Reloading of the bus lines, which is necessary 
infrequently or is not necessary at all, has the positive effect 
that the output drivers need never or need only infrequently 
deliver high currents. The effect achieved by this, in turn, is 
that, during testing, the relevant circuit component does not 
become nearly as hot as would be the case without the 
inventive measures regarding the absence of output data or 
the limitation on the output data. 
A low power consumption by the output drivers and the 

asSociated advantages can also be achieved by providing, 
additionally or alternatively, for the data which need to be 
output to the bus to be able to be output So as to bypass the 
output drivers during testing. The output drivers can then be 
Switched off or deactivated during testing. 
The fact that, while it is being tested, the tested circuit 

component does not output data to the bus, and/or that it 
outputs data other than data which is output in the normal 
case, does not affect the test result. The circuit component 
which is to be tested is, of course, intended to be tested 
independently of the other circuit components, which means 
that it is not necessary for data interchange between the 
circuit components of the electrical circuit to take place via 
the bus. 
The electrical circuit and the method therefore make it 

possible for circuit components, which are to be tested, to be 
reliably tested with a minimum amount of effort. 

In accordance with an added feature of the invention, the 
circuit component to be tested includes output drivers for 
outputting data to the bus, the output drivers being deacti 
Vated during testing of the circuit component to be tested. 

In accordance with an additional feature of the invention, 
the output drivers are deactivated by a test unit which is 
testing the circuit component to be tested. 
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In accordance with an another feature of the invention, a 
device is provided that is Selected from the group consisting 
of a logic unit and a Selection circuit. The device is for 
deactivating the output drivers. The device ensures: that 
during normal operation of the circuit component to be 
tested, the output drivers are controlled based upon an 
enable signal which is Supplied to the circuit component to 
be tested by a bus control device which controls the bus, and 
that during testing of the circuit component to be tested, the 
output drivers are controlled based upon a test control Signal 
which the test unit Supplies to the circuit component to be 
tested. 

In accordance with a further feature of the invention, the 
device is the logic unit, and the logic unit provides an output 
Signal resulting from a logical combination of the enable 
Signal and a test control Signal. 

In accordance with a further added feature of the 
invention, the device is Selected to be the Selection circuit, 
the output drivers include control connections, and the 
Selection circuit is formed by a multiplexer which Selec 
tively connects the enable Signal or the test control signal to 
the control connections of the output driver. 

In accordance with a further additional feature of the 
invention, a bus control device is provided for controlling 
the bus and for receiving a signal indicating testing of the 
circuit component to be tested. 

In accordance with yet an added feature of the invention, 
during testing of the circuit component to be tested, the bus 
control device ensures that the bus is terminated by a device 
Selected from the group consisting of the bus control device 
and one of the others of the plurality of circuit components. 

In accordance with yet an additional feature of the 
invention, the operation performed by the circuit component 
to be tested, during the testing thereof, is outputting data to 
the bus that is other than the data which would be output to 
the bus during normal operation, and the data outputted to 
the bus is data Selected from the group consisting of infre 
quently changing data and non-changing data. 

In accordance with yet another feature of the invention, a 
device is provided that is Selected from the group consisting 
of a logic unit and a Selection circuit. The device ensures: 
that during normal operation of the circuit component to be 
tested, data that actually needs to be output to the bus are 
output to the bus, and that during testing of the circuit 
component to be tested, the data outputted to the bus is from 
a test unit carrying out the testing of the circuit component 
to be tested. 

In accordance with yet a further feature of the invention, 
the device is Selected to be the logic unit. The logic unit 
provides an output signal resulting from a logical combina 
tion of the data which would be output to the bus during 
normal operation and a test control Signal. The test unit uses 
the test control Signal to indicate that it is currently testing 
the circuit component to be tested. 

In accordance with yet a further added feature of the 
invention, the device is Selected to be the Selection circuit. 
The circuit component to be tested includes output drivers 
for outputting data to the bus, and the Selection circuit is 
formed by a multiplexer which selectively connects to the 
output drivers either the data which would be output to the 
bus during normal operation or the test control Signal 
Supplied by the test unit. 

In accordance with yet a further additional feature of the 
invention, the circuit component to be tested includes output 
drivers for outputting data to the bus, and each one of the 
output drivers is provided with a device that is selected from 
the group consisting of a logic unit and a Selection circuit. 
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4 
In accordance with an added feature of the invention, each 

one of the output driverS receives an input Signal that is an 
output signal of the respectively provided device. 

In accordance with an additional feature of the invention, 
the circuit component to be tested includes output drivers 
with output connections, the operation performed by the 
circuit component to be tested, during testing thereof, is 
outputting data to the bus that is other than data which would 
be output to the bus during normal operation; and the 
outputted data are Supplied to points situated between the 
output connections of the output drivers and the bus. 

In accordance with another feature of the invention, a 
Switching device is provided for Supplying the outputted 
data to the points Situated between the output connections of 
the output drivers and the bus. 

In accordance with a further feature of the invention, a 
logic unit is provided for controlling the Switching device. 

In accordance with yet a further feature of the invention, 
the logic unit provides an output signal resulting from a 
logical combination of an enable Signal and a test control 
Signal. 

In accordance with a concomitant feature of the invention, 
the Switching device, when turned on, connects the points 
Situated between the output connections of the output drivers 
and the bus to at least one point which has a predetermined 
potential. 

Other features which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in an electrical circuit and method for testing a 
circuit component of the electrical circuit, it is nevertheless 
not intended to be limited to the details shown, Since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the Scope and range of equivalents of the claims. 
The construction and method of operation of the 

invention, however, together with additional objects and 
advantages thereof will be best understood from the follow 
ing description of Specific embodiments when read in con 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a first illustrative embodiment of the inven 
tive electrical circuit; 

FIG. 2 shows a second illustrative embodiment of the 
electrical circuit; and 

FIG. 3 shows a third illustrative embodiment of the 
electrical circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The electrical circuit described below is an integrated 
circuit. However, before continuing, it should be pointed out 
that there is no restriction to this. The electrical circuit may 
also be any other electrical circuit. 

Referring now to the figures of the drawing in detail and 
first, particularly, to FIG. 1 thereof, there is shown a first 
illustrative embodiment of an inventive electrical circuit. 
The electrical circuit shown in FIG. 1 includes circuit 

components (macros) SK1, SK2, . . . SKn, a bus “BUS” 
which connects the circuit components SK1, SK2, ... SKn, 
and a bus control device BUSCONTROL which handles the 
control (in particular the arbitration) of the bus “BUS". 
The circuit components SK1, SK2, . . . SKn include at 

least one circuit component which can be tested individually, 

XILINX EXHIBIT 1001 
Page 5



US 6,701,473 B2 
S 

i.e. independently of the other circuit components of the 
electrical circuit. 

In the example under consideration, this circuit compo 
nent is the circuit component denoted by the reference 
symbol SK1. 

In the example under consideration, the circuit component 
SK1 is a memory module, more precisely a DRAM macro. 
However, before continuing, it should be pointed out that 
there is no restriction to this. The testable circuit component 
as described below may also be any other circuit component. 

For testing the circuit component SK1, a test unit TE is 
provided. In the example under consideration, this test unit 
is a component part of the circuit component SK1 which is 
to be tested. However, there is no restriction to this either. 
The test unit TE may also be provided outside the circuit 
component SK1 which is to be tested; in this context, it may 
be provided at random points within the electrical circuit, or 
else outside the electrical circuit. 

The test unit TE 
inputs test data TESTIN into the circuit component SK1 
which is to be tested, 

outputs test data TESTOUT from the circuit component 
SK1 which is to be tested, 

uses a test control signal TESTC to control the circuit 
component SK1 which is to be tested, and 

uses the test data TESTIN and TESTOUT to check 
whether the circuit component SK1 which is to be 
tested is operating correctly. 

During normal operation of the circuit component SK1, 
that is to Say when and So long as the circuit component SK1 
is not being tested, 

data are Supplied to the circuit component SK1 via the bus 
“BUS" and a data reception apparatus (not shown in 
FIG. 1), and 

the circuit component SK1 outputs data to the bus “BUS” 
via a multiplicity of output drivers, of which only a 
single output driver T is shown in FIG. 1. 

In the example under consideration, the output driverST 
are So-called tristate drivers and are activated and deacti 
vated by the bus control device BUSCONTROL, more 
precisely by an enable signal EN output by the latter. When 
the output drivers T are activated, which may be the case 
when EN=1 in the example under consideration, they output 
the data supplied to them to the bus “BUS”. When the output 
drivers T are deactivated, which may be the case when EN=0 
in the example under consideration, they cannot output any 
data to the bus “BUS”; they are then in a high-impedance 
State. 

During testing of the circuit component SK1, 
the test data TESTIN from the test unit TE are used by the 

circuit component SK1 instead of the data Supplied to 
it via the bus “BUS', 

the data normally output to the bus “BUS” are used as test 
data TESTOUT for the test unit TE, and 

instead of the data normally output to the bus “BUS”, 
other data are output to the buS. 

In the example under consideration, the data which are 
output to the bus “BUS” while the circuit component SK1 is 
being tested are generated independently of the data which 
actually need to be output to the bus, they have the Special 
feature that they do not change or change only very infre 
quently. 

In the example under consideration, data which represent 
the level “0” are continuously output to the bus “BUS” while 
the circuit component SK1 is being tested. 
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6 
In the example under consideration, when which data are 

output to the bus “BUS” is determined by a logic unit 
connected upstream of the output drivers T. 

In the example under consideration, this logic unit 
includes an AND gate AND which receives as input signals 
the data DOUT which need to be output to the bus “BUS" 
during normal operation of the circuit component SK1 and 
the test control signal TESTC, and whose output signal is 
Supplied to the output driver T as input Signal. 

During normal operation of the circuit component SK1, 
the test control signal TESTC has the value “1”. The result 
of this is that the output signal from the AND gate is 
equivalent to the input signal DOUT of the AND gate. This 
means that, during normal operation of the circuit compo 
nent SK1, the data DOUT which actually need to be output 
to the bus “BUS” are output to the bus. 

During testing of the circuit component SK1, the test 
control signal has the value “0”. The result of this is that the 
output signal from the AND gate has the value “0”, irre 
spective of the value of the other input signal of the AND 
gate. This means that the value “0” is continuously output to 
the bus while the circuit component SK1 is being tested. 
The fact that, while it is being tested, the circuit compo 

nent SK1 outputs data which never change or change only 
infrequently to the bus “BUS" has the positive effect that the 
bus lines need never be reloaded or need be reloaded only 
infrequently. This is advantageous because 

the output driverST consequently consume only relatively 
little power, and 

the output driverST and hence also the circuit component 
SK1 do not heat up excessively. 

The low power consumption of the electrical circuit 
during testing and the relatively low temperature of the 
electrical circuit during testing mean that the circuit com 
ponent SK1 which is to be tested can be reliably tested with 
a minimum of effort. In particular, it means that 

the number and size of the elements (needles) used to 
Supply the electrical circuit with power during testing 
can be kept Small, and 

it is a comparatively simple matter to carry out low 
temperature tests. 

The fact that the data DOUT which actually need to be 
output to the bus “BUS” are not output to the bus while the 
circuit component SK1 is being tested, but instead other data 
are output to the bus, has no negative effect on the test result. 
The circuit component SK1 which is to be tested is, of 
course, intended to be tested independently of the other 
circuit components of the electrical circuit, So that it is 
unimportant whether, and possibly which, data are output to 
the bus by the circuit component SK1. 
The fact that the circuit component SK1 outputs data to 

the bus “BUS” is nevertheless found to be advantageous. If 
the circuit component SK1 were to automatically deactivate 
its output drivers (put them into the high-impedance state) 
during testing, this could lead to problems. In general, this 
is because the components connected to the bus “BUS” are 
not intended to (must not) ever, or possibly only to briefly, 
have all of the output drivers put into the high-impedance 
state at the same time. The bus “BUS” is intended to (must) 
be continually terminated by precisely one of the compo 
nents which are connected to it. 

This problem does not arise in the present case, however. 
This means that the bus control device BUSCONTROL can 
continue to operate unchanged while the circuit component 
SK1 is being tested, and can retain exclusive control via the 
bus “BUS”. This in turn makes it possible for a plurality of 
circuit components of the electrical circuit to be tested at the 
Same time. 
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It Ought to be clear that it is not imperative for data 
continuously representing the level “0” to be output to the 
bus “BUS” while the circuit component SK1 is being tested. 
Data continuously representing the level “1” can also be 
output to the bus “BUS”. Furthermore, provision may be 
made for data which do not continuously have one prede 
termined level, but instead change, to be output to the bus 
“BUS” while the circuit component SK1 is being tested. In 
this case, the important factor is that the data which are 
output to the bus change only relatively infrequently, and 
thus it is essentially possible to attain the same advantageous 
effects as in the case when data which do not change are 
output to the bus. 

It should likewise be clear that the logic unit used to 
generate the data which need to be output to the bus does not 
necessarily have to be an AND gate AND of the design and 
arrangement described. There are innumerable other options 
for this: by way of example, a NAND gate may be used 
instead of the AND gate AND. As another example, a 
multiplexer can be used to Selectively connect, to the output 
driver T, the data DOUT which need to be output during 
normal operation or data which need to be output during 
testing. 

The electrical circuit can alternatively be designed Such 
that, while it is being tested, the circuit component which is 
to be tested outputs no data to the bus. 
An illustrative embodiment of Such an electrical circuit is 

shown in FIG. 2 and is described below with reference 
thereto. 

The electrical circuit shown in FIG. 2 is largely consistent 
with the electrical circuit shown in FIG.1. Like the electrical 
circuit shown in FIG. 1, it (the electrical circuit shown in 
FIG. 2) includes circuit components (macros) SK1, SK2, ... 
SKn, a bus “BUS” which connects the circuit components 
SK1, SK2, . . . SKn, and a bus control device BUSCON 
TROL which handles the control (in particular the 
arbitration) of the bus “BUS”. Of the circuit components 
present SK1, SK2, . . . SKn, the intention is also again for 
the circuit component denoted by the reference symbol SK1 
to be tested individually, i.e. independently of the other 
circuit components of the electrical circuit. The circuit 
component which is to be tested is tested by a test unit TE 
which, like the test unit TE provided in the electrical circuit 
shown in FIG. 1, is contained in the circuit component which 
is to be tested, i.e. the circuit component SK1. To this extent, 
the electrical circuit shown in FIG. 2 is equivalent to the 
electrical circuit shown in FIG. 1. 

Unlike the circuit component SK1 shown in FIG. 1, 
however, the circuit component SK2 shown in FIG. 2 
outputs no data to the bus “BUS” while it is being tested. 

In the example under consideration, this is achieved in 
that the (control) connections of the output drivers T (which 
are also present in the circuit component SK1 shown in FIG. 
2), which connections can be used to activate and deactivate 
the output drivers, no longer have the enable signal EN 
which is output by the bus control device BUSCONTROL 
applied to them, but instead have the output Signal from a 
logic unit connected upstream of the control connection 
applied to them. 

In the example under consideration, this logic unit 
includes an AND gate AND which receives as input signals, 
the enable signal EN and the test control signal TESTC 
which is also provided in the electrical circuit shown in FIG. 
2. The output signal of the AND gate AND is used to control 
the output drivers T. 

During normal operation of the circuit component SK1, 
the test control signal TESTC has the value “1”. The result 
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8 
of this is that, during normal operation of the circuit com 
ponent SK1, the Signal used to control the output drivers 
corresponds to the enable signal EN. 

During testing of the circuit component SK1, the test 
control signal has the value “0”. The result of this is that the 
Signal used to control the output driverST continuously has 
the value “0” while the circuit component SK1 is being 
tested, as a result of which the output drivers T are deacti 
vated and cannot output data to the bus “BUS”. 

Unlike in the electrical circuit shown in FIG. 1, in the 
electrical circuit shown in FIG. 2, the test control Signal 
TESTC is not supplied only to the circuit component SK1 
which is to be tested, but also to a bus termination logic unit 
BTL, which is a component part of the bus control device 
BUSCONTROL in the example under consideration. 
The bus termination logic unit BTL ensures that, during 

testing of the circuit component SK1 (when and So long as 
the test control Signal TESTC is Signaling that the circuit 
component SK1 is currently being tested), the bus “BUS” is 
terminated by one of the other components connected to the 
bus “BUS'. In the example under consideration, the bus 
termination logic unit BTL terminates the bus “BUS” itself 
if required. Alternatively, provision could be made for the 
bus termination logic unit BTL to activate the output drivers 
of one of the other circuit components connected to the bus 
“BUS” while the circuit component SK1 is being tested, and 
for it then to have these circuit components terminate the 
bus. 

It ought to be clear that the logic unit used to generate the 
control Signal for controlling the output driverST need not 
necessarily be an AND gate AND of the design and arrange 
ment described. There are innumerable other options for 
this: by way of example, a NAND gate may be used instead 
of the AND gate AND, or else a multiplexer which is used 
to selectively connect the enable signal EN or the test control 
signal TESTC to the control connection of the output drivers 
T. 
The fact that no data are output to the bus “BUS” while 

the circuit component SK1 is being tested has the positive 
effect that the output drivers T have no or only a negligibly 
low power consumption and consequently do not heat up at 
all, or heat up only to a very Small extent. 
The low power consumption of the electrical circuit 

during testing and the relatively low temperature of the 
electrical circuit during testing mean that the circuit com 
ponent SK1 which is to be tested can be reliably tested with 
a minimum of effort. In particular, this means that 

the number and size of the elements (needles) used to 
Supply the electrical circuit with power during testing 
can be kept Small, and 

it is a comparatively simple matter to carry out low 
temperature tests. 

These advantages are even more pronounced in the elec 
trical circuit shown in FIG. 2 than is the case in the electrical 
circuit shown in FIG. 1. 
The electrical circuit shown in FIG. 3 and described 

below with reference thereto permits the advantage of the 
electrical circuit shown in FIG. 1, namely that, during testing 
of the circuit component which is to be tested, the bus is 
terminated, as may be necessary, by the actual circuit 
component which is to be tested, to be combined with the 
advantage of the electrical circuit shown in FIG. 2, namely 
that the output drivers of the circuit component which is to 
be tested have no or only a negligibly low power consump 
tion while the circuit component is being tested. 
The electrical circuit shown in FIG. 3 is largely consistent 

with the electrical circuits shown in FIGS. 1 and 2. Like the 
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electrical circuits shown in FIGS. 1 and 2, it (the electrical 
circuit shown in FIG. 3) includes circuit components 
(macros) SK1, SK2, ... SKn, a bus “BUS” which connects 
the circuit components SK1, SK2, ... SKn, and a bus control 
device BUSCONTROL which handles the control (in par 
ticular the arbitration) of the bus “BUS”. Of the circuit 
components present SK1, SK2, ... SKn, the intention is also 
again for the circuit component denoted by the reference 
symbol SK1 to be tested individually, i.e. independently of 
the other circuit components of the electrical circuit. The 
circuit component which is to be tested is tested by a test unit 
TE which, like the test unit TE provided in the electrical 
circuits shown in FIGS. 1 and 2, is contained in the circuit 
component which is to be tested, i.e. the circuit component 
SK1. To this extent, the electrical circuit shown in FIG. 3 is 
equivalent to the electrical circuits shown in FIGS. 1 and 2. 

Like the circuit component SK1 shown in FIG. 1 and by 
contrast with the circuit component SK1 shown in FIG. 2, 
the circuit component SK1 shown in FIG. 3 outputs data to 
the bus “BUS" as required (particularly when the circuit 
component SK1 is determined by the bus control device 
BUSCONTROL as bus master) while the circuit component 
SK1 is being tested. 

In the example under consideration, however, this is done 
not by means of the output driverST, which are also present 
for the circuit component SK1 shown in FIG. 3, but rather 
by applying a predetermined potential or potential profile to 
points Situated between the output connections of the output 
drivers T and the bus “BUS. 

In the example under consideration, the predetermined 
potential is ground potential. It may also be any other 
potential and also a potential which changes over time, 
however. 

In the example under consideration, a predetermined 
potential or potential profile is applied to the points situated 
between the output connections of the output driverST and 
the bus “BUS” by means of a Switching device S, which in 
the present case is formed by a transistor. In this context, it 
is basically unimportant what type of transistor this is. 
Instead of the transistor, any other Switching device may also 
be used, for example a So-called transmission gate. 

The Switching device S is controlled by a logic unit. In the 
example under consideration, this logic unit includes a NOR 
gate NOR and an inverter I, with the NOR gate NOR 
receiving a test control Signal TESTC and an enable Signal 
EN inverted by the inverter I as input signals, and the output 
signal from the NOR gate NOR being used to control the 
Switching device S. 

The test control signal TESTC and the enable signal EN 
are consistent with the Signals of the same name in the 
electrical circuits shown in FIGS. 1 and 2. 

The output drivers T of the circuit component SK1 which 
is to be tested are deactivated while the circuit component is 
being tested. In the example under consideration, this is 
achieved in that the (control) connections of the output 
drivers T, which connections can be used to activate and 
deactivate the output drivers, have the output Signal from a 
logic unit which is connected upstream of the control 
connection applied to them, as in the case of the electrical 
circuit shown in FIG. 2. 

In the example under consideration, as in the case of the 
electrical circuit shown in FIG. 2, this logic unit includes an 
AND gate AND which receives the test control signal 
TESTC and the enable signal EN as input signals, and whose 
output signal is used to control the output drivers T. 

The Switching device S, which controls the termination of 
the bus “BUS", and the output drivers T are controlled by the 
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10 
logic units AND and I/NOR such that the following condi 
tions are established as a result: 

TESTC EN Action 

O O Test mode 
Output drivers deactivated 
Termination inactive 

O 1. Test mode 
Output drivers deactivated 
Termination active 

1. O Normal operation 
Output drivers deactivated 

1. 1. Normal operation 
Output drivers activated 

The electrical circuit shown in FIG. 3 

has the advantages, as compared with the electrical circuit 
shown in FIG. 1, 

that the path via which the data DOUT are output during 
normal operation contains no additional logic unit, 
which means that data can be output more quickly, and 

that the output drivers are deactivated during testing of the 
circuit component which is to be tested, which means 
that they consume less power during testing and con 
Sequently also heat up to a lesser extent, and 

has the advantage, as compared with the electrical circuit 
shown in FIG. 2, that the circuit component which is to 
be tested terminates the bus itself, which means that it 
is possible to dispense with the bus termination logic 
unit BTL or similar devices. 

Furthermore, this is achieved without having to accept 
Significant disadvantages as compared with the electrical 
circuits shown in FIGS. 1 and 2. 

It ought to be clear that the logic units used to generate the 
control Signals for controlling the output drivers T and the 
Switching device S need not necessarily be designed and 
arranged as described. There are innumerable other options 
for this. 
The fact that the output drivers T are deactivated while the 

circuit component SK1 is being tested has the positive effect 
that they have no or only a negligibly low power consump 
tion and consequently do not heat up at all or heat up only 
to a very Small extent. 
The low power consumption of the electrical circuit 

during testing and the relatively low temperature of the 
electrical circuit during testing mean that the circuit com 
ponent SK1 which is to be tested can be reliably tested with 
a minimum of effort. In particular, it means that 

the number and size of the elements (needles) used to 
Supply the electrical circuit with power during testing 
can be kept Small, and 

it is a comparatively simple matter to carry out low 
temperature tests. 

The precautions taken for testing the circuit component 
which is to be tested do not in any way impair it during 
normal operation. In particular, there is no need for concern 
about any kind of effects on the operating Speed and the 
other essential properties of the circuit component which is 
to be tested. 
A common feature of the electrical circuits described, 

independently of the details of the practical implementation, 
is that they provide an amazingly simple way of reliably 
testing circuit components which are to be tested with a 
minimum of effort. 
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We claim: 
1. An electrical circuit comprising: 
a bus, and 
a plurality of circuit components which are connected via 

Said bus, at least one of Said plurality of circuit com 
ponents defining a circuit component to be tested and 
configured to be tested independently from all others of 
Said plurality of circuit components, 

Said circuit component to be tested configured to perform 
an operation, during testing thereof, that is Selected 
from the group consisting of outputting no data to Said 
bus, and outputting data to Said bus that is other than 
data which would be output to Said bus during normal 
operation. 

2. The electrical circuit according to claim 1, wherein Said 
circuit component to be tested includes output drivers for 
outputting data to Said bus, Said output drivers being deac 
tivated during testing of Said circuit component to be tested. 

3. The electrical circuit according to claim 2, wherein Said 
output drivers are deactivated by a test unit which is testing 
Said circuit component to be tested. 

4. The electrical circuit according to claim 3, comprising 
a device Selected from the group consisting of a logic unit 
and a Selection circuit, Said device for deactivating Said 
output drivers, Said device ensuring: 

that during normal operation of Said circuit component to 
be tested, said output drivers are controlled based upon 
an enable signal which is Supplied to Said circuit 
component to be tested by a bus control device which 
controls Said bus, and 

that during testing of Said circuit component to be tested, 
Said output drivers are controlled based upon a test 
control signal which the test unit Supplies to said circuit 
component to be tested. 

5. The electrical circuit according to claim 4, wherein Said 
device is Said logic unit, Said logic unit providing an output 
Signal resulting from a logical combination of the enable 
Signal and a test control Signal. 

6. The electrical circuit according to claim 4, wherein Said 
device is Said Selection circuit, Said output drivers include 
control connections, and Said Selection circuit is formed by 
a multiplexer which Selectively connects the enable signal or 
the test control Signal to Said control connections of Said 
output driver. 

7. The electrical circuit according to claim 1, comprising 
a bus control device for controlling Said bus and for receiv 
ing a signal indicating testing of Said circuit component to be 
tested. 

8. The electrical circuit according to claim 7, wherein, 
during testing of Said circuit component to be tested, said 
bus control device ensures that Said bus is terminated by a 
device Selected from the group consisting of Said bus control 
device and one of Said others of Said plurality of circuit 
components. 

9. The electrical circuit according to claim 1, wherein the 
operation performed by Said circuit component to be tested, 
during the testing thereof, is outputting data to Said bus that 
is other than the data which would be output to said bus 
during normal operation, and the data outputted to Said bus 
is data Selected from the group consisting of infrequently 
changing data and non-changing data. 

10. The electrical circuit according to claim 9, comprising 
a device Selected from the group consisting of a logic unit 
and a Selection circuit, Said device ensuring: 

that during normal operation of Said circuit component to 
be tested, data that actually needs to be output to Said 
buS are output to Said bus, and 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
that during testing of Said circuit component to be tested, 

the data outputted to Said bus is from a test unit carrying 
out the testing of Said circuit component to be tested. 

11. The electrical circuit according to claim 10, wherein 
Said device is Said logic unit, Said logic unit providing an 
output signal resulting from a logical combination of the 
data which would be output to Said bus during normal 
operation and a test control Signal, Said test unit using Said 
test control Signal to indicate that it is currently testing Said 
circuit component to be tested. 

12. The electrical circuit according to claim 10, wherein 
Said device is said Selection circuit, Said circuit component 
to be tested includes output drivers for outputting data to 
Said bus, Said Selection circuit is formed by a multiplexer 
which Selectively connects to Said output drivers either the 
data which would be output to Said bus during normal 
operation or Said test control Signal Supplied by Said test 
unit. 

13. The electrical circuit according to claim 10, wherein 
Said circuit component to be tested includes output drivers 
for outputting data to Said bus, and each one of Said output 
drivers is provided with a device that is selected from the 
group consisting of a logic unit and a Selection circuit. 

14. The electrical circuit according to claim 13, wherein 
each one of Said output driverS receives an input signal that 
is an output signal of Said respectively provided device. 

15. The electrical circuit according to claim 1, wherein: 
Said circuit component to be tested includes output drivers 

with output connections, 
the operation performed by Said circuit component to be 

tested, during testing thereof, is outputting data to Said 
bus that is other than data which would be output to 
Said bus during normal operation; and 

the outputted data are Supplied to points situated between 
Said output connections of Said output drivers and Said 
bus. 

16. The electrical circuit according to claim 15, compris 
ing a Switching device for Supplying the outputted data to 
Said points situated between said output connections of Said 
output drivers and Said bus. 

17. The electrical circuit according to claim 16, compris 
ing a logic unit for controlling Said Switching device. 

18. The electrical circuit according to claim 17, wherein 
Said logic unit provides an output signal resulting from a 
logical combination of an enable Signal and a test control 
Signal. 

19. The electrical circuit according to claim 16, wherein 
Said Switching device, when turned on, connects Said points 
Situated between Said output connections of Said output 
drivers and Said bus to at least one point which has a 
predetermined potential. 

20. A method for testing a circuit component which is 
connected to other circuit components via a bus, the method 
which comprises: 

providing a plurality of circuit components that are con 
nected to a bus, 

configuring at least one of the plurality of circuit compo 
nents Such that it can be tested independently from all 
others of Said plurality of circuit components, the at 
least one of the plurality of circuit components defining 
a circuit component to be tested; and 

while testing the circuit component to be tested, perform 
ing an operation with the circuit component to be 
tested, the operation Selected from the group consisting 
of outputting no data to the bus, and outputting data to 
the bus that is other than data which would be output to 
the bus during normal operation. 
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21. The method according to claim 20, which comprises: 
providing the circuit component to be tested with output 

drivers for outputting data to the bus, and 
deactivating the output drivers during testing of the circuit 
component to be tested. 

22. The method according to claim 21, which comprises 
deactivating the output drivers by a test unit which is testing 
the circuit component to be tested. 

23. The method according to claim 22, which comprises: 
providing a device for deactivating the output drivers, 
Selecting the device from the group consisting of a logic 

unit and a Selection circuit; 
using the device to ensure: 

that during normal operation of the circuit component 
to be tested, the output drivers are controlled based 
upon an enable signal which is Supplied to the circuit 
component to be tested by a bus control device 
which controls the bus, and 

that during testing of the circuit component to be tested, 
the output drivers are controlled based upon a test 
control Signal which the test unit Supplies to the 
circuit component to be tested. 

24. The method according to claim 23, which comprises 
using the logic unit to provide an output signal resulting 
from a logical combination of the enable signal and a test 
control Signal. 

25. The method according to claim 23, which comprises 
providing the output drivers with control connections, and 
forming the Selection circuit by a multiplexer which Selec 
tively connects the enable Signal or the test control signal to 
the control connections of the output driver. 

26. The method according to claim 20, which comprises 
Signaling a bus control device which controls the bus that the 
circuit component to be tested is undergoing a test. 

27. The method according to claim 26, which comprises 
using the bus control device to ensure that, during testing of 
the circuit component to be tested, the buS is terminated by 
a device Selected from the group consisting of the bus 
control device and one of the others of the plurality of circuit 
components. 

28. The method according to claim 20, wherein the 
operation performed by the circuit component to be tested, 
during the testing thereof, is outputting data to the bus that 
is other than the data which would be output to the bus 
during normal operation, and Selecting the data output to the 
bus from the group consisting of infrequently changing data 
and non-changing data. 

29. The method according to claim 28, which comprises: 
Selecting a device from the group consisting of a logic unit 

and a Selection circuit; 
using the device to ensure: 

that during normal operation of the circuit component 
to be tested, data that actually needs to be output to 
the bus are output to the bus, and 

that during testing of the circuit component to be tested, 
the data outputted to the bus is from a test unit 
carrying out the testing of the circuit component to 
be tested. 
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30. The method according to claim 29, which comprises: 
Selecting the device to be the logic unit; 
constructing the logic unit to provide an output signal 

resulting from a logical combination of the data which 
would be output to the bus during normal operation and 
a test control Signal; and 

using the test control Signal, by the test unit, to indicate 
that the test unit is currently testing the circuit compo 
nent to be tested. 

31. The method according to claim 29, which comprises: 
Selecting the device to be the Selection circuit; 
providing the circuit component to be tested with output 

drivers for outputting data to the bus, 
forming the Selection circuit by a multiplexer which 

Selectively connects to the output drivers either the data 
which would be output to the bus during normal 
operation or the test control Signal Supplied by the test 
unit. 

32. The method according to claim 29, which comprises: 
providing the circuit component to be tested with output 

drivers for outputting data to the bus, and 
providing each one of the output drivers with a device that 

is Selected from the group consisting of a logic unit and 
a Selection circuit. 

33. The method according to claim 32, wherein each one 
of the output driverS receives an input Signal that is an output 
Signal of the respectively provided device. 

34. The method according to claim 20, wherein: 
the circuit component to be tested is provided with output 

drivers having output connections; 
the operation performed by the circuit component to be 

tested, during the testing thereof, is outputting data to 
the bus that is other than the data which would be 
output to the bus during normal operation; and 

the outputted data are Supplied to points situated between 
the output connections of the output drivers and the 
bus. 

35. The method according to claim 34, which comprises 
providing a Switching device for Supplying the outputted 
data to the points Situated between the output connections of 
the output drivers and the bus. 

36. The method according to claim 35, which comprises 
controlling the Switching device with a logic unit. 

37. The method according to claim 36, wherein the logic 
unit provides an output signal resulting from a logical 
combination of an enable signal and a test control signal. 

38. The method according to claim 36, wherein the 
Switching device, when turned on, connects the points 
Situated between the output connections of the output drivers 
and the bus to at least one point which has a predetermined 
potential. 
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