EP O 133 215 A1

Europaisches Patentamt

0’ European Patent Office G) Publication number: 0133 215

Office européen des brevets

A1l

@ EUROPEAN PATENT APPLICATION

@ Application number: 84107675.5 & mtc:GO1R 31/28

@ Date offiling: 03.07.84

@ Priority: 25.07.83 US 517140 @

Date of publication of application: 20.02.85
Bulletin 85/8

Designated Contraéting States: DEFR GB

Applicant: International Business Machines Corporation,
Old Orchard Road, Armonk, N.Y. 10504 (US)

Inventor: Gersbach, John Edwin, 500 South Willard
Street, Burlington Vermont 05401 (US)

Inventor: Moser, John Jacob, 6 Rustic Drive, Essex
Junction Vermont 05 452 (US)

Representative: Monig, Anton, Dipi.-Ing., Schénaicher
Strasse 220, D-7030 Bdblingen (DE)

€% Circuit for DC testing of logic circuits.

€D Logic circuits such as cascode circuits can be DC tested

for normally untestabie defects, such as emitter shorts or
collector opens, by applying to the output of the circuit (lines

16, 17), or portion of the circuit, under test an additional

voltage (at 50, 51) through an impedance. The specific em-

bodiment teaches a resistor (42, 43) and diode (44, 45} in

series as the impedance.
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CIRCUIT FOR DC TESTING OF LOGIC CIRCUITS

The invention relates generally to circuits used in
logic chains or systems and more particularly to a
method of testing indeterminate outputs of cascode
circuits with a DC test. '

Certain implementations of logic circuits exhibit
defect characteristics which significantly complicate
the level of testing required of such circuits. Any
defect which causes the product level to become in-
determinate, i.e., of the same voltage level, is par-
ticularly impossible to detect with a DC test. When
one circuit in a logic chain has an indeterminate
output the operation of the next circuit in the logic
chain is unpredictable. Hitherto, any such indeter-
minate output was untestable by standard DC testing
techniques since the respone for such defective cir-
cuits was unpredictable. '

Typical prior art is the following:

IBM Technical Disclosure Bulletin, Vol. 21, #8, January
1979, pgs. 3107-3108, describes the testing of dynamic
memory chips by utilizing offset voltages during test-
ing to determine the sensitivity of the latch and’to
allow an allowable operating region without physically
probing the circuitry.

U.5. Patent 3,795,859 teaches the testing of a memory.

cell in which the voltage conditions on one of the bit
lines is varied.
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U.S. Patent 3,541,441 describes the testing of logic
circuits and utilizes drivers 12 which provide variable
adjustable signals.

The present invention as claimed is directed toward
a logic circuit that can be tested for defects within
the circuit which would normally create indeterminate
outputs. Moreover by modification of the circuit in
accordance with the present invention such testing

can be done with a simple DC stuck fault test.

More particularly the invention is a cascode circuit
provided with a pair of additional voltage inputs
coupled between the outputs of the cascode circuit
through an impedance preferably comprising a resistor
and a diode in series.

The invention will become more apparent when taken in
conjunction with the following description and drawing
wherein there is set forth a specific embodiment of
the present invention.

The figure illustrates in schematic form a cascode

logic circuit embodying the present invention.

The cascode'logic circuit illustrated in the schematic
diagram develops very high speed exclusive logic func-
tions with the uniqﬁe property that the output function
and its complement are propagated virtually simultane-
ously and although the circuit may be modified as
dictated by output and input requirements the circuitry
is always such that its operation is dependent upon one
of a number of mutually exclusive conductive parts cor-
responding to the various states of the exclusive func-
tion established by the circuit.
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In the figure, there are shown two pairs of transistors
10, 11, 12, and 13. The collectors of transistors 10
and 13 coupled together and to a first output line 16
and through a resistor 14 to a voltage source 20.
Similarly, the collectors of transistors 11 and 12 are
both coupled to a second output line 17 and through a
resistor 15 to the voltage source 20. The emitters of
transistors 10 and 11 are connected: together and to the
collector of transistor 21. Similarly transistors 12
and 13 have their emitters coupled together and to the
collector of a transistor 22, the emittgr of which is
connected to the emitter of transistor 21 and to the
collector of a second pair of transistors 23 and 24.
The emitters of transistors 10 and 11 are also coupled
to the collector of a transistor 25 whose emitter is
coupled to the emitter of transistor 23 while the
emitter of transistors 12 and 13 are coupled to the
collector of a transistor 26 whose emitter is coupled
to the emitter of transistor 24. The emitters of tran-
sistors 23 and 25 are also coupled to the collector
of a transistor 27 while the emitters of transistors
26 and 24 are coupled to the collector of a transistor
28 whose emitter is coupled to the emitter of transis-
tor 27 and to the collector of a transistor 29 whose

emitter is coupled through a resistor 30 to a negative
voltage source 31.

The bases of transistors 10 and 12 are both coupled

to the same input terminal 32. Similarly the bases of
transistors 11 and 13 are both coupled to the same in-
put terminal 33. The signals_being applied to terminal
33 being the complement of the signals being applied
to terminal 32. Similarly the base of transistor 21 is
coupled to a terminal 34 while the base of transistor

22 is coupled to a terminal 35 which receives the com-
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plementary signal of that applied to terminal 34. Again
transistors 23 and 26 have their bases coupled to a
common terminal 36 while the bases of transistors 24
and 25 are coupled to another common terminal 37. It
should be noted that terminal 36 is connected to a
signal source while 37 is connected to the complemeﬁt

of the signal source applied on terminal 36. Finally,

- transistors 27 and 28 are coupled to signal sources 38

and 39 respectively with terminal 39 being connected to
the complementary input of terminal 38. Transistor 29
has its base connected to an always on regulated posi-
tive voltage source 40. An additional voltage source 50
is coupled to line 16 via an impedance comprising a
resistor 42 in series with a diode 44. Similarly still
another voltage source 51 is coupled to line 17 via a
different impedance comprising a resistor 43 in series
with a diode 45.

The operation of the basic cascode circuitry shown in
the figure is as follows. With the circuit shown con-
nected only to the voltage source 20 and the voltage
source 31 and no signal applied to any of the bases
of the transistors except transistor 40 there is no
conduction through the circuit and the voltage level

appearing at the output terminals 16 and 17 will be

- substantially that of the voltage source 20 and the

lines will be in the so-called "high state". However,
when selected transistors are turned on and there is
conduction of current between the voltage supply 20

and the voltage supply 31 the signal level at one of
the output lines 16 and 17 will be brought down to its
so-called low state. For example, let it be assumed
that terminals 32, 34, 36, and 38 are all made positive
turning on the transistors 10, 12, 21, 23, 26, and 27.
Although transistors 12 and 26 are turned on they are
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not effective since transistors 22 and 28 are not con-
ductive because terminals 35 and 39 are coupled to the
complement signal of that applied to terminals 34 and
38, that is, they are biased negative holding transis-
tors 22 and 28 off. Thus there is only one predeter-
mined current path between sources 20 and 31 through
resistor 14 and transistors 10} 21, 23, 27 and 40 and
resistor 30 and line 16 is pulled low. Since there is
no conductive current path from the voltage source 20
through resistor 15 to the voltage source 31 the line
17 remains high and a differential signal is developed

between lines 16 and 17.

In some cases in these cascode circuits a defect can
occur which will cause the output of lines 16 and 17
to be indeterminate. An indeterminate output being de-
fined as one in which the outputs on lines 16 and 17
are essentially at the same voltage level regardless
of the signals applied to the input terminals so that
the output of any following logic circuit to which
these lines lead becomes unpredictable. Defects which
can cause such indeterminate outputs include, for
example, base emitter shorts or open collectors in

any of the transistors in the circuit.

Any such defect which creates such an indeterminate
output causes the entire logic circuit of which it

is a part to be untestable by standard DC testing
techniques. The present invention solves this problem
and teaches that such faults may be detected in such
a circuit with a DC test by electrically unbalancing
the output lines 16 and 17 during testing. If the
circuit is unbalanced in favor of line 16 then an
indeterminate output will be interpreted as line 16

being high and line 17 being low. Conversely if the
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circuit is unbalanced in favor of line 17 then an
indeterminate output will be interpreted as line 16

being low and line 17 being high.

In testing of the circuit it is necessary that line 16
first be unbalanced in favor of line 17 and then line
17 is unbalanced in favor of line 16 such that defects
which create indeterminate outputs and typically re-
quire an AC test can be tested with a DC tester.

To accomplish this end the cascode circuit described
above is modified as shown in the figure by coupling
two voltage inputs 50 and 51 to lines 16 and 17 by
suitable impedance networks. As shown these networks
comprise resistors 42 and 43 in series with diodes 44
and 45. Thus line 50 is coupled to line 16 through
diode 44 and resistor 42 and line 51 is coupled through
resistor 43 and diode 45 to line 17. For each circuit
output of the cascode circuit an additional output
line and impedance, i.e., a diode-resistor pair must
be added.

During normal operation of the circuit the inputs 50
and 51 are set to a voltage equal to or more positive
than that appearing on source 20 causing diodes 44

and 45 to be non-conductive. In this case the circuit
operates as if there were no modification. By reducing
the voltage on, for example, the input 50, to a level
below that on line 16 the diode 44 becomes forward
biased and current flows from source 20 through resis-
tors 14 and 42, and diode 44 to the input line 50. The
voltage on line 16 will thus be reduced due to this
current flow. The magnitude of the applied imbalance
must be substantially less than that of the normal

voltage levels. This operation effectively unbalances
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the circuit in favor of the line 17, i.e., line 16 is
brought low while line 17 remains unchanged. Reversing
the voltages on nodes 50 and 51 will similarly un-

balance the circuit in favor of line 16.

Thus there has been described a cascode circuit which
during operation can have selected inputs applied to
its output line to unbalance the ocutput lines to permit
DC stuck fault testing of the unbalanced lines to avoid
and access defects which would normally result in an

indeterminate output.
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CLAIMS

A differential logic circuit modified to prevent
indeterminate outputs during DC testing comprising
a pair of additional voltage inputs (50, 51) each
of which being coupled to a respective output (at
16, 17) via a semiconductive impedance (44, 45)
and adapted to apply respective offsetting volt-

ages to the outputs in the course of said test.

The circuit of claim 1 wherein said logic circuit

is structured in cascode circuit configuration.

The circuit of claim 1 or 2 wherein said semi-
conductive impedance comprises a resistor (42, 43)
and a diode (44, 45) in series coupled between
the output line (16, 17) of the circuit and the
voltaée source (at 50, 51).

The circuit of one of claims 1 to 3 wherein,
successively, one respective output is unbalanced
in favor of the respective other output and vice
versa.
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