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(567) Claim

1. Apparatus for scan testing of a digital system
of a type having at least two digital units coupled to a
bus means that is shared by the at least two digital
units for communication of information therebetween on a
mutually exclusive Dbasis during a normal mode of
operati~n, each one of the at least two digital units
including bus enable means coupling each of the two
digital uaits to the bus means, the scan testing being
conducted during a iest mode of operation by a scan
control means coupled to the digital system for placina
the digital system in a pseudo-random state, the
apparatus comprising:

circuit means associated with each of the at least
two digital units, and coupled to the scan control means,
for receiving a predetermined test pattern;

means coupled to the scan control means and
responsive to a test signal from the scan control means
to couple the circuit means to the bus enable means to
ensure that only one of the bus enable means is coupled
to the bus means at any moment in time during the test
mode of operation. /2




(11) AU-B-66006/94 -2-
(10) 671371

13. A method of scan testing of a digital system of
a type having a plurality of digital units coupled to a
shared bus, each one of the plurality of digital units
including a bus enable 1logic that communicates the
digital wunit to the shared bus in response to a bus
enable signal, the method comprising the steps of:

providing each of the plurality of digital units
with a bus enable test circuit;

presetting the bus enable test circuit of each of
the plurality of digital units with a predetermined test
pattern to produce a test enable signal that is of a
first digital state for a one of the plurality of digital
units, and cf another digital state for the other of the
plurality of digital units;

for each of the plurality of digital units,
selecting the test enable signal in place of the bus
enable signal when a test signal is asserted;

applying pseudo-random data to the plurality of
digital units in repeated cycles; and

changing the predetermined test pattern for each one
of the plurality of digital units each of the repeated
cycles so that the test enable signal ensures that none
or one and only one of the plurality of digital units is
communicated to the shared bus at any moment in time.
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PATENT
Attorney Docket No. 10577-296

SYSTEM AND METHOD FOR PERFOCRMING IMPROVED
5 PSEUDO-RANDOM TESTING OF SYSTEMS HAVING
MULTI DRIVER BUSES

BACKGROUND OF THE INVENTION
The present invention is directed generally to

. «l0 testing digital apparatus such as is found in data processing

.f:i systems. The invention relates more particularly to test

:ﬂ:a techniques in which sequences of pseudo-random test patterns

A are shifted ("scanned") into and out of digital apparatus,

A producing resultant signatures from which can be determined

o whether or not the apparatus under test will functioncxéthout
fault. In particular, the invention provides a metho@A an

e apparatus implementing that method, for functionally scan
;:}, testing a digital system of the type including a bus structure

that is accessible by individual units on a mutually exclusive
s 20 basis.

XLL The advent of large scale and very large scale
" integration (LSI and VLSI) produced a variety of techniques
$heeee for testing the very large amounts of digital circuitry that
e can found in integrated circuits (ICs) and combinations of ICs
25 (e.g., as may be found on printed circuit or other types of
boards and systems). One such technique involves application

of a variety of known test signals to the IC or combination of
ICs (hereinafter "digital system") and observing the output
signals produced in response to determine if what was expected

30 was produced by the digital system. An offshoot of this
approach, and one that is becoming increasingly popular,
involves designing the elemental memory stages of the system
(i.e., single bit storage such as flip flops, latches, and the
like) to be capable of functioning in ¢ne of two modes: a

35 first or "run" mode in which the memory stage operates in its
capacity for which it was incorporated in the digital system

(e.g., a component of the system, operating to receive, store,
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and pass on system information bits in response to normal
logic system control signals); and a second or "scan" mode in
which a number of the memory stages are intercoupled in series
to form one or more extended shift registers or, as more
commonly referred to in the art, "scan strings" or "scan
chains."

One method of using these scan strings involves
forming known test patterns ("vectors") that are put in place
in the digital system by shifting(“scanning") them into the
system using the scan chains. The system is then allowed to
run for a period of time (e.g., one or more clock periacds),
and the state of the system (i.e., the content of each memory
stage) removed for observation, again using the scan chains.

There are a number of variations on this approach, one of
which involves using the scan chains to place the digital
system in a pseudo-random state to test the operability of the
system. According to this approach, the system is switched
from the first or run mode to the scan mode for receiving
pseudo-random bit patterns that are scanned into the scan
strings to place the system in a pseudo-random state. The
technique may include the step of returning the system X
momentarily to its run mode configuration, and permittingkto
operate for one clock cycle. The system is then returned to
the scan mode, the digital state (i.e., the content of the
scan string or strings) extracted (again by scanning), and
that state then analyzed to determine the operability of the
stages and interconnections of the system, and thereby the
system itself.

Preferably, the steps of configuring the system to
form the scan chains, scanning in the ps<¢udo-random data,
reinstating the normal configuration for an execution cycle,
and returning the system to a scan configuration to remove
(scan out) the resultant (pseudo-random) state is repeatedly
performed with the extracted state compressed (such as through
a cyclic redundancy) to form a "signature" that can be
compared to a known, defect-free signature. If the signatures
match, the test is considered to have been passed. This
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testing technique is usually referred to as "pseudo-random
scan testing."

Among the underlying principles of pseudo-random
scan test methods is that the test must be repeatable or
"deterministic" in the sense that each time a digital system
is tested, the results of that test will be the same if the
system is without fault. Examples of such pseudo-random test
methods and apparatus may be found in U.S. Patent Nos.
4,718,065, 4,534,028, and 4,827,476.

Pseudo-random scan testing can provide many
It is a cost effective test method that can be
performed without the need to form specimsl test vectors in

benefits.

advance; it can be performed very fast to check or verify the
operability of very large amounts of digital circuitry. and it
can be performed using test circuitry less expensive and less
complex than other test techniques.
testing is not without certain problems.

However, pseudo-random

One such problem is the obvious difficulty, if not
inability, to predict in advance the state that the test
signals will take on during the test period. Circuitry
contained in the digital system that may produce different
results (e.g., random access memory units, inputs from
external sources, etc.) from test to test must either be
excluded from testing or somehow desiyned so that, during
pseudo-random testing, it will produce deterministic results.

This problem has been particularly troublesome in
digital systems incorporating a bus structure that is shared
(e.g., a three-state bus structure) on a mutually axclusive
basis by two or more digital subsystems to communicate data
therebetween. When such a system is subjected to pseudo-
random testing, there exists the possibility that, at any
moment in time, two or more of the subsystems will be
attempting to drive data onto the data bus at the same time.
The moment may see the bus assuming one state in one test (or
portion of test), and assuming another state in another test.
Since it is not entirely certain what state the bus will
assume from test to test, the test can no longer be termed

deterministic. Perhaps more importantly, the bus may be
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damaged by being driven by two or more of the subsystems at
the same time.

A flip side to the forgoing probl:m involves the
situation of none of the subsystems zre driving the shared
bus, allowing it to float. 1In this case the bus can assume a
non-deterministic value, which one or more of the subsystems
will attempt to read so that, again from test to test,
different test results can be produced.

One approach to solving this problem has been to
include in the system a bus arbiter that receives requests for
access to the bus. Using decoder circuitry, the arbiter
issues a mutually exclusive bus enable signal to one and only
one requester. This approach permits pseudo-random testing
since the arbiter circuitry cannot permit more than one
subsystem to drive the bus at any one moment in time.
However, the approach tends to limit normal operating
performance due to the extra time it takes to perform the
arbitration. Thus, digital systems with such shared bus
configurations have usually taken the approach of locking out
the circuitry that drives the bus during pseudo-random
testing, and the bus itself. This has resulted in the system
not being completely tested - if tested at all.

Accordingly, there is a need for including in
pseudo-random scan testing techniques a methodology and
apparatus that can permit the test to include the shared bus
and the circuitry used to access that bus.

SUMMARY OIF THE INVENTION

The present invention is directed to a digital
system that includes a number of digital subsystems
interconnected by a shared bus structure that is mutually
exclusively accessible for communicating data between the
digital subsystems. The present invention permits the bus
access circuitry of each subsystem, and the bus itself, to be
tested by pseudo-random scan testing methodology without
restricting bus access to only one subsystem, and distributing
that access during the test to all subsystems.




5

According to a preferred embodiment of the present
invention, each digital subsystem is provided with a counter
that, during scan test periods, provides an enable signal to
the bus access or driver circuitry of each subsystem. When a

5 scan test operation is initiated, each counter is pre-loaded
with a predetermined state so that, initially, and throughout
the test period, one and only one digital subsystem will drive
the shared data bus. Each scan sequence (each sequence being
a scan in, an execution cycle, and a scan out of the pseudo-

10 randim test strings) will result in the counters being clocked
ornice so that a new subsystem will be enable to drive the bus

Efx the next sequence.

soes In this preferred embodiment of the invention each

e of the counters is a ring counter in which a single bit is
?:xis circulated to provide the enable signal. In addition, as with
Tedee most synchronous machines, the enable signal to which the bus
drive circuitry is responsive is developed from a pipelined
. organization that includes a latch or register to hold the

cose enable signal.that—contrde—theaeeesa—oar-drive—aireniteyw

DNee
o

This latch or register forms, during the scan test period, the
s e last stage of the ring counter.

ey A number of advantages are achieved from the present
e invention. First and perhaps most importantly, the present
eces invention provides a technique that enables inclusion in

.t 35 pseudo-random scan testing of a digital system the circuitry
used by subsystems of that system for accessing a shared bus
while still maintaining a test with deterministic resultg. 1In
addition, pseudo-random scan testing may be performed without
fear of damage to the shared bus.

30 These and other advantages and features of the
present invention will become apparent to those skilled in
this art upon a reading of the following detailed description
of the invention, which should be taken in conjunction with
the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram representation of a
digital system formed from a number of digital subsystems
interconnected by a shared data bus, and also showing the scan
control logic associated with the digital system for
performing pseudo-random testing on the system;

Fig 2 is a diagrammatic representation of the
structure of the elemental memory stages used in each of the
subsystems shown in Fig. 1 to implement pseudo-random scan
testiy '

Fig. 3 is a schematic representation of the counter
used in association with the drive enable circuitry for one of
the subsystems of Fig. 1, during scan test periods, to ensure
that one and only one subsystem will drive the sha'ed data bus
during scan test; and

Fig. 4 is a flow diagram that illustrates the scan
test procedure usad to test the digital system of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION
Referring now for the moment to Fig. 1, there is

illustrated a digital system 10 that comprises individual
digital subsystems 12 (12a, 12b, ..., 12n). Subsystems 12 are
interconnected by a shared bus 14 for communicating data
and/or address signals thereon for inter-subsystem
communication. The subsystems 12 could, for example, be one
or more processor units, input/output (I/O) channel (s), memory
system(s), and the like, with each of the subsystems capable
of accessing the shared data bus 14 according to a
predetermined protocol. That protocol is not important to the
present invention, other than noting that the shared data bus
14 is accessible on a mutually exclusive basis; that is, only
one of the subsystems 12 at any moment in time will be driving
the shared data bus 14 with data, command, and/or address
signals. Preferably, the arbitration of access to the shared
bus 14, in the event two or more of the subsystems 12 desire
access to the bus at substantially the same time, is

\\\distributed in the sense that each subsystem arbitrates access
0 the bus on its own - according to a predetermined priority.
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As Fig. 1 also illustrates, a scan control logic
unit 20 of generally conventional design that includes a 17
stage linear feedback shift register (LFSR - not showr)
capable of developing 217-1 states before repeating ..1e scan
control logic 20 will operate to develop the neces~ ‘y test
signals (scan, hold, bypass) used to perform scan iesting of
the subsystems 12 - including, of course, the pseudo-random
patterns that are applied to the subsystems 12 via scan data
in paths (sdi,, sdi,, ., sdi,) respectively coupling the
scan control logic to the subsystems 12.

Digressing for a moment, it will be appreciated by
those skilled in this art that the subsystems 12 will be
constructed in accordance with conventional scan test
techniques; that is, the elemental memory stages (i.e., the
single bit storage elements (not shown) used for flip flops,
latches, and the like) used in the subsystems 12 will be
designed to be selectively placed in one of two modes of overat&m\
il response the to the scan test signals supplied by the scan
control logic 20: normal mode, or scan mode. Whea n @coan mode
elemental memory stage 1s interconnected with its brethren in
the subsystem 12 to frirm a one long shift register (or a
number of smaller shift registers). when—ir—a—scan—test—mode=
While the configurations of such elemental memory stages are
various and well known, it is believed that the present
invention will be better appreciated and understood if the
preferred construction of such elemental memory stages is
considered.

Thus, referring to Fig. 2, there is illustrated an
elemental memory stage as used in the subsystems 12,
designated generally with the reference numeral 30. As Fig. 2
shows, the memory stage 30 comprises a basic storage element
32 that receives, at its data (D) input, the output of a
multiplexer 34. The output (Q) of the storage element 32
forms the output of the memory stage 30. The storage element
32 receives, at itsclock (CK) input, a clock (CLK) signal that
is instrumental in storing the data then applied to its data
input (D) in conventional fashlon.
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The multiplexer is constructed to receive data
signals at its data (d) and scan data (sdi) inputs. The third
input of the multiplexer 34 receives the output of the storage
element 32. The selection between which of the inputs to the
multiplexer 34 is communicated to the data input (D) of the
storage element 32 is determined by the scan the signals
applied to the scan and hold inputs, according to Table I,
below.

TABLE I
SCAN HOLD DATA OUT
0 0 DATA Iﬁ (d)
1 | 0 SCAN DATA IN (sdi)
1 1 Q
0 1 Q

As Table I shows, when neither of the signals
applied to the scan and hold inputs are asserted the storage
element 32 receives the signal received at the data input, d,
of the stage 30. Conversely, when the signal applied to the
scan input is asserted, the data (D) input of the storage
element 32 will receive #he whatever is applied to the scan
data (sdi) input of the stage 30. Finally, if the signal
applied to the hold input is asserted, irrespective of the
state of whatever is applied to the scan input, the data of
the stage 30 is recirculated by returning to the data (D)
input of the storage element 32 its output Q each period of
CLK. Thus, when the hold signal is asserted, the stage 20
holds the stored value until released from its held state. 1In
the environment of the sub-sys ems 12, stage 30, whether in
normal operating mode or scan :8t mode, the clock (CLK)
signal is the system clock used for synchronous operation of
the elements of the subsystem.

From the viewpoint of the subsystems 12, when the
scan control logic 20 asserts the scan signal to initiate the
scan test mode, the elemental memory stages 30 of each sub-




30

35

9

system are reconfigured from their normal functioning state to
one that permits formation of the extended shift registers or
scan strings that receive the initialization and pseudo-random
data for the test. Pseudo-random data produced by the scan
control logic is shifted into the scan strings of formed in
each of the subsystems 12 via the scan data in lines sdi,,

., sdi,, and scanned out via the scan data out lines sdo,,
-+ Sdop. Qé\‘.‘ur‘h\hg ko Fia. ), as vndicaked aboue,
Abhe particular protocol to provide access to the
shared bus 14 is not important to the present invention. What
is important is to understand that, during normal operation,
one and only one of the subsystems 12 is granted access, and
allowed to drive, shared bus 14 for communicating data thereon
to one or more of the other subsystems 12. Since, when the
subsystems 12 are placed in pseudo-random states, this
requirement for sharing the shared data bus 14 must be
maintained, the present invention is provided, and illustrated
in Fig. 3.

Turning now to Fig. 3, cthere is illustrated the bus
driver circuit, designated generally with the reference
numeral 40 for the subsystem 12a, together with the scan logic
42 that will control the bus driver circuit 40 of the
subsystem 1l2a during scan tests. The remaining subsystems
1zb, ..., 12n (Fig. 1) will include substantially identical
circuitry so that the discussion of the enable circuit 40 and
associated scan logic 42 of subsystem 12a should be taken to
apply equallyﬁ%hggicircuitry of subsystems 12b, ..., 12n,
unless noted otherwise.

As Fig. 3 illustrates, the scan logic 42 for the bus
driver circuit 40 includes a bus enable register 50,

multiplexer 52, a string of registers 54a, ..., 54f, and a
multiplexer 62. When placed in a scan mode by the control
logic 20, the registers 54a, ..., 54f and bus enable register

50 form a seven-stage ring counter Sk,

The bus derwer circuit 40, which preferably is a
tri-state device (i.e., the output of which is capable of
assuming one of the three states of a logic HIGH, a logic LOW,
or a high impedance state), receives at its input 44 data from
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logic (not shown) of the subsystem 12a for communication on
the shared bus 14. That received data will be communicated to
the shared bus 14, via its output 46, when the signal applied
to the enable input 48 is asserted.

During normal operation, the signal for enabling the
driver circuitry 20 is supplied by the bus enable rﬁgtifgf 521
which, in turn, receives (at its data (4d) 1nput) sys enablq>
from the multiplexer 52. During scan mode, the s1gnal for
enabling the bus driver circuit 40 is supplied by the output
of stage 54f, and received by the bus enable register at its
scan data in (sdi) input.

The stages 54a, ..., 54f and the bus enable register
50, receive at their respective hold inputs a hold' signal
that is developed according toc the following relationship:

hold' = hold + (scan ' bypass).

Hold, scan, and bypass are the test signals asserted by the
scan control logic 20 during scan mode of operation. (The
bypass test signal is also used to wall off non-scannable
circuitry - not shown - during the scan process.) Thus, the
stages of the counter 54 will be placed in hold state when the
scan control logic 20 asserts (1) the hold signal, or (2) both
the bypass and scan signals.

The clock (CK) inputs of stages 54a, ..., 54f and
drive enable register receive the system clock (CLK) signal
used by the subsystem 12a for synchronous operation. The CLK
signal is used for both normal and scan test operation. It
will be appreciated that the individual stages 54a, ..., 54f
of the ring counter 54, as well as the bus enable register 50
are constructed as described above with reference to Fig. 2.

The outputs of each of the register stages 54a, 54b,
54c, 54d, and 54e are, as shown, coupled to the data (d) and
scan data in (sdi) inputs of the next succeeding register
stage 54b, ..., 54f, respectively, of the ring counter 54.

The bus enable register 50 receives the output of the register
stage 54f at its scan data input (sdi), and receives at its
data (d) input, as indicated above, the output of the
multiplexer 52.
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The multiplexer 52 is controlled by a bypass signal
to select between a system enable (sys_enable), developed
during normal (non-test) operatioi;, and the output of the
counter stage 54f. Asserting bypass, in effect, configures
the stages S54a, ..., 54f and bus enable register 50 to form
the ring counter 54. De-asserting bypass removes the stages
54a, ..., 54f from the any operating capacity in the sub-
system.

Fig. 3 also diagrammatically illustrates the
remainder of the subsystem 12a in a scan mode configuration,
showing the elemental memory stages (exclusive of the bus
enable register 50) that make up the subsystem 1l2a configured
in the scan string 60. Although not specifically shown, it
should be understood that the elemental memory stages that
make up the subsystem 12a, and therefore the scan string 60,
are. constructed as shown in Fig. 2. The input to the scan
string 60 is supplied by multiplexer 62 which is controlled by
the bypass test signal to select between scan data (when
bypass is asserted) and the output of the bus enable register
50 (when bypass is not asserted, such as when in a normal mode
of operation, or when scanning in the initialization data).
The selection made by the multiplexer 62 input is coupled to
the scan string 60, and the output of scan string 60 forms the
scan data out (sdo,) for the subsystem 1l2a.

The number of stages used for the rxing counter 54
(including the bus enable register 50) will be at least equal
to, or more than, the number of subsystems 12, i.e., the
number cf elements sharing the bus 14. The number of stages
is preferably selected to remove any correlation between the
sequencing of the counter and the states assumed by the linear
feedback shift register, contained in the scar control logic
20, to ensure that the two (the counter 54 and linear feedback
shift register) will not achieve some form of synchronization
in order to make the scan test procedure as random-looking as
possible. Thus, the states assumed should be prime to each
other. Here, the number of subsystems is preferably less than
seven, a prime number. Similarly, the linear feedback shift
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register (not shown) is designed with 17 stages and,
therefore, is capable of assuming 2'7 (i.e., 131,072) states.

Operation of the scan logic 42 during scan mode is
as follows, and may be better understood with reference to
Fig. 4 as well as Figg. 1 and 3. Fig. 4 is a general diagram
of the flow sequence used when conducting a scan test. The
test begins at step 70 with the scan control logic 20 (Fig. 1)
asserting the scan signal (the bypass signal is, for now, left
de-asserted) to initially form the ring counter 54. Of
course, the assertion of the scan signal will also form the
scan strings 60 (Fig. 3) in each of the subsystems 12, but
this is not important at this stage of the test - which is to
initialize the ring counters 54.

With the subsystems 12, and in particular the ring
counters 54 they contain, so configured, step 70 continues
with the scan control logic 20 supplying predetermined bit
patterns to the scan data inputs (sdi,, ..., sdij,) that are
scanned into the ring counters 54. The predetermined bit
patterns are such that one of the ring counters 54 (e.g., that
in subsystem 12a) will be preset so that its bus enable
register 50 contains a 1, and the remaining stages contain a
0. The other ring counters 54 (e.g., of subsystems 12b,
12n) will have bit patterns that leave the bus enable
registers 50 with a 0, and a 1 in one of the remaining stages
S54a, ..., 54f; that is, the predetermined bit pattern is such
that one and only one bus enable register 50 of the subsystems
12 will be enabled at any one time. The enable logic is now
initialized for the pseudo-random scan test to follow. During
this initialization process, circuitry (not shown) between the
bus enable register 50 and the input 48 of the bus driver
circuit 40 will operate to hold the bus driver circuit 40 in
its tri-state mode. At the conclusion of the initialization,
the content bus driver enable register 50 will control the
mode to the bus driver circuit 40.

Digressing for the moment, it will be appreciated by
those skilled in this art that the predetermined bit pattern
may contain more that one "1" so that one or more of the ring
counters 54 are present with a pattern with two or more "is".

9
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This allows certain of the bus enable circuits of a subsystem
to be exercised more than those of the other subsystems. This
feature also allows the test to adapt to different
configurations of the system 10. For example, if certain of
the subsystems 12 have been removed from the system 10, other
of the subsystems may be allowed to take over the bus access
cycles that would be normally be allocated, during testing, to
the removed subsystem 12. However, it remains that the bus
enable register 50 of one and only one subsystem 12 will hold
a "1" of the ring counter 54 so that only one subsystem 12
drives the shared bus 14 at any one time.

Step 70 is exited in favor of step 72 with the scan
controi iogic raising the bypass signal, keeping the scan
signal asserted. As described above, the combination of scan
and bypass will assert hold' to freeze the ring counters 54.
Also, as can be seen from Fig. 3, the assertion cf the bypass
signal operates the multiplexer 62 to select and apply the
scan data input (sdi,) to the scan string 60, effectively
removing the ring counter 54 (including the bus enable
register 50) from the scan chain of their particular subsystem
12.

The scan control logic 20 will remain in step 72,
asserting the scan and bypass signals, and applying a pseudo-
random patterns to the scan data inputs sdi,, ..., sdi, for
the requisite number of system clocks (CLK) requiredh%lace the
scan string 60, and thereby the subsystems 12)in a pseudo-
random state. Note that since the ring counters 54 are
frozen, and only one of them contains a 1 in the associated
bus enable register 50, only the corresponding bus drive
circuit 40 will be enabled to drive the shared bus 14; all
other subsystems 12 will have a 0 contained by their bus
enable registers 50 so that the corresponding bus drive
circuits are disaliled. Only one subsystem 12 will be able to
drive the shared bus 14.

Once the subsystems 12 have be placed in pseudo-
random states, the test proceeds to step 74 where the scan
control logic 20 drops (de-asse‘ts) the scan and hold signals.
As is conventional in pseudo-random testing, the subsystems 12
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are returned to their normal configurations and allowed to
execute onecycle of the system clock (CLK) before being
returned to the scan test configuration by the scan control
logic 20 with the assertion of the scan and hold test signals.

However, while in step 74 the hold and scan test
signals are all de-asserted to allow the subsystems 12 to
momentarily returned to their normal configurations to exacute
one cycle of the system clock, CLK. This being so, the hold'
signal applied to the ring counters 54 is also de-asserted so
that the ring counters 54 of the subsystems 12 are released
from their frozen states. They are then also allowed to
operate for the one clock cycle to move the content of each of
the stages of the ring counter 54 (i.e. stages 54a, ..., 54f
and bus enable register 50) to the next stage (via the data
(d) inputs since the scan signal is not, at this time,
asserted), with the content of the bus enable register 50
moving (recirculating) to the ring counter stage 54a. The
predetermined bit patterns to which the ring counters were
preset during the initialization step 70 are shifted so that
the bus driver circuit 40 that was enabled to drive the shared
bus 14 during step 72 is replaced with another bus driver
circuit.

The step 74 is exited with assertion of the scan and
hold signals. The ring counters 54 are returned to a frozen
condition and the subsystems 12 reconfigured to form scans
strings. The pseudo-random states of the subsystems 12 (i.e.,
scan strings 60) are remcved in step 76 and communicated to
the control logic 20 for analysis via the scan data outputs
sdo,, ..., sdo,, .

Convent.ional pseudo-random scan testing involves
repeating the sequence of steps 72 - 76 a set number of times
(e.g. the number of states capable of being assumed by the 17-
stage linear feedback shift register before repeating any one
of those states), so that the scan control logic 20 will
check, at step 78, to see if the desired number of sequences
have been performed. If step 78 concludes that all desired
eequences have not been completed, the process will return to
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the step 72. 1If, however, the requisite number of sequences
have been performed, the process exits at step 80.

During the testing conducted according to Fig. 4,
the predetermined pattern placed in the ring counters 54 is
rotated one position each sequence during step 74. At all
other times of each test sequence the counters 54 (and bus
enable registers 50) are held fixed. It will be apparent,
therefore, that since during any one test sequence only one of
the subsystems 12 is allowed to drive the shared bus 14, and
that one changes from sequence to sequence, not only are
deterministic test results ensured, but the shared bus 14 and
associated drive circuits are included in the test.

In closing, it will be appreciated by those skilled
in this art that while the present invention has been
described in the context of a scan test architecture that
used linear (or serial) scan chains (including the structure
of the counters 54), parallel-load scan-test architecture will
also find the present invention advantageous for systems that
include a shared bus.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. Apparatus for scan testing of a digital system

of a type having at least two digital units coupled to a
bus means that is shared by the at least *wo digital
units for communication of information therebetween on a
mutually exclusive basis during a normal mode of
operation, each one of the at least two digital units
including bus enable means coupling each of the two
digital units to the bus means, the scan testing being
conducted during a test mode of operation by a scan
conﬁrol means coupled to the digital system for placing
the digital system in a pseudo-random state, the
apparatus comprising:

circuit means associated with each of the at least
two digital units, and coupled to the scan control means,
for receiving a predetermined test pattern;

means coupled ¢to the scan control means and
responsive to a test signal from the scan control means
to couple the circuit means to the bus ¢anable means to
ensure that only one of the bus enable neans is coupled
to the bus means at any moment in time during the test
mode of operation.

2. Tra apparatus of claim 1, wherein the circuit
means includes a counter presettable to the predetermined
test pattern.

3. The apparatus of claim 2, wherein the counter is
a ring counter.

4, Apparatus for pscudo-randem scan testing a
digital system of a type including a plurality of digital
units  intercoupled by a shared bus means for
communicating digital signals therebetween on a mutually
exclusive basis, the digital units being coupled to the
shared bus means by circuit means enabled by assertion of
an enable signal; the apparatus comprisging:

scan control means operating to initiate a test
period to produce a number of test signals, including a
scan signal;

: counter means, associated with circuit means of each

$:16223CQ/429
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of the digital units responsive to at least one of the
test signals for producing a test enable signal;

means for presetting the counter means with a
predetermined test pattern; and

means, responsive to other of the test signals for
communicating the test enable signal from each of the
counter means to each associated circuit means in place
of the enable signal;

whereby the predetermined test pattern used to
preset each of the counter means is such that one and
only one of the circuit means is enabled to couple the
associated digital unit to the shared bus means at any
moment in time during the test period.

5. A method of performing a scan test of a digital
system that includes a plurality of digital subsystems
intercoupled by a shared bus for communicating digital
signals therebetween, each of the digital subsystems
having driver enable circuitry operating to drive the
digital signals onto the shared bus in response to an
enable signal, the method comprising the steps of:

providing a counter means for each of the digital
subsystems for providing a test enable signal that 1is
coupled to the driver enable circuitry of each digital
subsystem;

loading the counter means of each digital subsystem
with a predetermined state;

setting the digital subsystems to a pseudo-random
state while operating the counter means of each digital
subsystem so that one and only one of the digital
subsystems has access to the shared bus;

removing the pseudo-random state from the digital
subsystems for examination;

repeating the setting and removing steps a
predetermined number of times; and

associated with each repeating step, modifying the
counter means so that another one of the digital
subsystems is provided exclusive access to the shared
bus;

$:16223CQ/429
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whereby, during the scan test each of the digital
subsystems has exclusive access to the shared bus at
least once.

6. In a digital system of a type having two or more
digital subsystems configured to be tested by repeated
cycles of having pseudo-random data applied thereto, each
of the digital subsystems being coupled to a shared bus
by an enable logic unit that permits access to the shared
bus for communicating information thereon when a bus
enable signal 1is asserted, a bus enable test logic
incorporated in each digital subsystem to ensure that
during testing only one or none of the digital subsystems
have access to the shared bus, the bus enable test logic
comprising:

a digital counter presettable to a predetermined
state, and producing a test enable signal;

a selector coupled to receive the bus enable signal
and the test enable signal to substitute the test enable
signal for the bus enable signal during testing;

such that when the digital system is subjected to
testing the digital counter associated with a one of the
digital subsystems is set to the predetermined state to
produce a test enable signal that permits access to the
shared bus, and the counter associated with the other of
the digital subsystems is set to a state that prohibits
access to the shared bus.

7. The bus enable test logic of claim 6, wherein
the digital counter is a ring counter.

8. The bus enable test logic of claim 7, wherein
the ring counter includes multiple one-bit stages, and
wherein a one of the multiple one-bit stages has a data
output that supplies the test enable signal.

9. The bus enable test circuit of claim 6, wherein
the digital counter contains a count that is changec each
of the repeated cycles.

10. The bus enable test circuit of claim 6, wherein
the digital counter is incremented each of the repeated
cycles.
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11. The bus enable test circuit of claim 7, wherein
the predetermined state comprises multiple bits having at
least one of the multiple bits set to a first digital
state, and the other of the multiple bits set to a second
digital state.

12. The bus enable test circuit of claim 11, wherein
the first digital state is a logic ONE.

13. A method of scan testing of a digital system cf
a type having a plurality of digital units coupled to a
shared bus, each one of the plurality of digital units
including a bus enable 1logic that communicates the
digital unit to the shared bus in response to a bus
enable signal, the method comprising the steps of:

providing each of the plurality of digital units
with a bus enable test circuit;

presetting the bus enable test circuit of each of
the plurality of digital units with a predetermined test
pattern to produce a test enable signal that is of a
first digital state for a one of the plurality of digital
units, and of another digital state for the other of the
plurality of digital units;

for each of the plurality of digital |units,
selecting the test enable signal in place of the bus
enable signal when a test signal is asserted;

applying pseudo-random data to the plurality of
digital units in repeated cycles; and

changing the predetermined test pattern for each one
of the plurality of digital units each of the repeated
cycles so that the test enable signal ensures that none
or one and only one of the plurality of digital units is
communicated to the shared bus at any moment in time.

14. The method of claim 13, wherein the bus enable
test circuit includes a digital counter.

15. The method of claim 14, wherein the presetting
step includes presetting the digital counter with a
count.

16. The method of claim 15, wherein the changing
step includes the step of changing the count.
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17. The method of claim 15, wherein the changing
step includes the step of incrementing the count.

18. The apparatus of claim 2, wherein the scan
testing of the digital system includes placing the

5 digital system in a pseudo-random state in each of a

number of cycles, and wherein the counter is caused to
change count with each of the number of cycles.

19. The apparatus of claim 18, wherein the counter
is incremented each of the number of cycles.

10 20. The apparatus of claim 19, wherein the counter
. s is incremented by one each of the number of cycles.
Telne” 21. Apparatus for permitting scan testing of a
:.ﬁ:' digital system substantially as herein described with
:3; reference to the accompanying drawings.
SN 15 22. Apparatus for pseudo-random scan testing a
:':x' digital system substantially as hecein described with

reference to figure 2 of the accompanying drawings.

23. A method of performing a scan test of a digital
system substantially as herein described with reference
. 20 to the accompanying drawings.

se o Dated this 6th day of July 1995
. TANDEM COMPUTERS INCORPORATED
By their Patent Attorneys
GRIFFITH HACK & CO.
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SYSTEM AND METHOD FOR PERFORMING IMPROVED
PSEUDO-RANDOM TESTING OF SYSTEMS HAVING
MULTI DRIVER BUSES

ABSTRACT OF THE DISCLOSURE

A digital system includes a number of digital
subsystems interconnected by a shared bus structure that is
mutually exclusively accessible for communicating data between
the subsystems. The system is structured to be tested by
pseudo-random scan test methodology. Each subsystem includes
a counter that, during scan test periods, provides an enable
signal to the bus access or driver circuitry of the associated
subsystem. A scan test operation is preceded by pre-loading
each counter with a predetermined state so that, initially,
and throughout the test period, one and only one digital
subsystem will drive the shared data bus. Each scan sequence
(comprising a scan in, an execution cycle, and a scan out of
the pseudo-random test strings) will result in the counters
being clocked once so that a new subsystem will be enable to
drive the bus the next sequence, permitting the bus access
circuitry of each subsystem, and the bus itself, to be tested.
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