
The present  invention relate to a bus cycle signature system and more
particularly to a bus cycle signature system for automatically testing or
debugging a central processing unit (CPU) based mother board.           The
bus cycle signature system is for use in testing and trouble-shooting PCAT
mother boards and other CPU based boards. The bus cycle signature system
generates highly repeatable signature words for each node of a known good
board which can then be stored in a database for comparison with a suspect
board under test of the same type as the known good board for either
quality assurance testing purposes or for the purpose of debugging the
suspect board by identifying one or more faulty nodes.           Computer
mother boards have grown to such a density and complexity that only a few
expensive automatic test equipment (ATE) systems on the market can
effectively test and trouble-shoot such boards. The mother board uses a CPU
and a chipset comprising highly integrated application- specific integrated
circuit (ASIC) chips with a small number of other support components.  The
clock speed of such a board is usually in the range of 33-50 MHz at present
and the clock speed of future boards is expected to increase to a frequency
of 66 to 100 MHz. Conventional ATE technology uses the following
techniques:          1. An open/short circuit test        2. An in-circuit
component measurement test        3. A digital in-circuit functional test  



2          An example of an in-circuit component measurement tester is the
Tescon tester and an example of a digital in- circuit functional tester
would be the Genrad Teradyne tester.           The open/short test is
basically a test to ensure that there are no unintended electrical open
circuits or short circuits in a non-populated (bare) printed circuit board
(PCB).  The open/short test is not suitable for use with a populated board
and so alternative methods must be used  to  test  a  populated  board.
PCB  manufacturing technology is of a high standard so faults such as open
or short circuits in the bare PCB would not normally be expected.
However,   at  a   later   stage   in  the manufacturing/production of
PCBs, short circuits caused by solder bridges or open circuits caused by
components not being  soldered  properly  may  result.   This  type  of
open/short circuit testing generally uses a bed of nails test fixture for
testing and the extent and accuracy of the test depends on the number of
test points (pins) provided in the fixture. When surface mount technology
is used, the component population density can be very high and the pin
pitch and hence the distance between test points is very small.  Thus, such
bed of nails test fixtures are more difficult to make and more costly.  A
bed of nails test fixture for a board which receives a plastic quad flat
pack (QFP) would present even more difficulties due to the small distances
between test points.           An in-circuit component measurement
technique is capable of testing a populated board and uses either a three
wire or a six wire method to measure the values of passive  components
such  as  resistors,   capacitors, inductors, diodes and the like.  This is
a useful technique when applied to analogue boards but very few passive  



3  components are required with today's CPU based mother boards so this
test method is unsuitable for such an boards.           A further
alternative is a digital in-circuit functional  test  which  either
utilises  back-driving techniques to test individual digital integrated
circuits (IC) one at a time or, alternatively, the whole board is driven by
the card edge connectors or by input connectors and the output of the board
is evaluated when in operation.           Using the back-driving technique,
the chip under test is driven by a test signals and the output of the chip
is evaluated and compared with the expected response. This method requires
separate programmes for each chip on the board which is to be evaluated.
Moreover, a specific test programme must be written before custom chips can
be tested in this matter. The testing of a mother board comprising many
chips also requires knowledge of the complete logic details of each chip to
be tested. However, in most cases the logic details of the mother board
chipset will not be available.  Even if available, it may take a long time
before the test programme is ready and the chip may have been revised in
this timescale so the test programme may also need to be revised before
testing may take place. If such a test programme is readily available, the
digital in- circuit function tester may test the chip at a much slower
speed then the actual speed of the chip when operating in normal
conditions. For example, a chip may be back-driven at a speed in the range
of 1 to 5 MHz whereas, the actual operating speed of the chip when in use
may be at 33 MHz. Thus, such a test does not give an indication of the
actual performance of the board under its normal operating conditions.
Generally, the faster the back-driving speed required, the more expensive
the tester becomes.  



4          The alternative method for digital in-circuit functional testing
involves driving the board by the card edge connectors or by input
connectors. This is called an inboard functional test. Using this method,
it is possible to test a board at high operating speeds but, again, it is
necessary to write a specific test programme for each type of board to be
tested. Additionally, in the case of CPU based boards, it is necessary to
synchronise the CPU on the board under test with the inboard functional
tester.           In order that the present invention may be more readily
understood, an embodiment thereof will now described, by way of example,
with reference to the accompanying drawings, in which:           Figure 1
is a system block diagram illustrating a bus cycle signature system
according to one embodiment of the present invention;           Figure 2 is
a block diagram illustrating the bus cycle signature system of Figure 1
connected to a board under test; and           Figure 3 comprises Figures
3a,b,c and d which are a set of timing diagrams obtained from the bus cycle
signature system of Figure 1.          The bus cycle signature system (1)
of Figure 1 includes a system controller (2) which monitors and controls
the operation of the bus cycle signature system (1). The system controller
(2) is connected via a bus line (3) to a host personal computer (PC) (not
shown) which controls the overall operation of tests performed by the 



bus cycle signature system (1).  In addition, the system controller (2) is
connected to a personality adaptor (4)
5   (shown in Figure 2) which does not comprise an integral  part of the
bus cycle signature system unit (1).  A bus  cycle counter (5) is
controlled by the system controller  (2) and the function of the bus cycle
counter (5) will be  discussed below.           A timing generator (6) for
driving a CPU based board (7) to be tested is controlled by the system
controller (2) and is connected to the board (7) under test, to two shift
registers (8,9) and to a signal transition  detector  (10).   The  first
shift  register comprises a general signature shift register (8) and the
second shift register comprises a data signature shift register (9). Both
shift registers (8,9) receive strobe signals from the timing generator (6)
and are connected to a test probe (11) which provides a test signal from
the board (7) under test. The transition detector (10) detects either a
transition at the trailing edge or the leading edge of the test signal
received from the board (7) under test and, in the present embodiment,
detects the trailing edge of the test signal. As well as being connected to
the bus cycle signature system (1), the board (7) under test is supplied
with a power supply.           The personality adaptor (4) which is
connected to the system controller (2) is also connected directly to the
CPU (12) of the CPU based board (7) under test.           In operation, a
board (7) to be tested, having a CPU (12), is connected to the bus cycle
signature system (1) and driven by a RESET signal from the timing generator
(6). The CPU (12) is monitored by the personality adaptor 



(4) and a test probe (11) is placed in electrical contact with a specific
node of the board (7) to be tested. The probe (11) is connected to the bus
cycle signature system                                          6   (1) by
a multiplexer (13) which selects which node of the  board (7) under test is
to be tested. The multiplexer (13)  is controlled by a multiplexer
controller (14) which is  connected to the system controller  (2).   The
bus cycle  signature system (1) may be connected to the host PC which  can
monitor the progress and record the results of tests  performed on the
board (7) under test.           When the board (7) containing the CPU (12)
is powered up, the basic input/output system (BIOS) of the board (7)
initiates a system self-test and then achieves a stable operating state.
The CPU  (12)  has one or more clocks depending upon the type of CPU (12)
on the board (7). Each type of CPU (12) has its own characteristic bus
status signals which indicate the type and status of each of the bus
operations performed by the CPU (12). In order for the bus cycle signature
system (1) to sample a useful test signal from the board (7) under test, it
is necessary to know when the CPU (12) starts a bus cycle and when the CPU
(12) terminates a bus cycle. The bus cycle signature system (1) therefore
needs to be aware of the condition of the CPU (12) when the CPU (12) is
performing a bus cycle. The personality adaptor (4) is connected to the CPU
(12) via a CPU clip or fixture of the board (7) and receives signals from
the CPU (12) which indicate the start and termination of a bus cycle. For
example, a 286 CPU will produce an SO,SI signal to indicate the start of a
bus cycle and an RDY input signal to signal the end of the bus cycle. A 386
CPU will produce an ADS signal as a start signal and an RDY signal as a
stop signal. In response to the start and termination signals, which are
dependent on the type of CPU (12) being tested, the personality adaptor (4)
outputs a BUS CYCLE ON signal immediately after the CPU (12) starts a bus
cycle and 



terminates the BUS CYCLE ON signal when the CPU (12) indicates that the bus
cycle has been terminated. The BUS
7  CYCLE ON signal is sent from the personality adaptor (4) to the bus
cycle signature system (1).           The BUS CYCLE ON signal is
representative of the CPU (12) performing a bus cycle. The BUS CYCLE ON
signal is fed to the bus cycle counter (5) in the bus cycle signature
system (1) which counts the number of BUS CYCLE ON signals received. A bus
cycle count is produced by the bus cycle counter (5), each count
representing the reception of a BUS CYCLE ON signal.           The
personality adaptor (4) also provides the bus cycle signature system (1)
with two clock signals.  The first clock signal is the general strobe which
comprises a strobe signal which is synchronised, by the personality adaptor
(4), to the one or more clocks of the CPU (12). As more than two CPU clocks
may be included in the board (7) under test, a plurality of signals at
regular clocked intervals may be sent by the personality adaptor (4). The
second signal comprises a data strobe which occurs only once in each bus
cycle and then only at the time when data is valid during the bus cycle.
Data is normally valid in the bus cycle when a READY signal is input to the
CPU (12) and this normally occurs at the end of the bus operation - i.e at
the end of the BUS CYCLE ON signal.           The general and data strobe
clock signals, CLK and DCLK respectively, are sent from the personality
adaptor (4) via the system controller (2) to the timing generator (6). The
timing generator (6) which generates the RESET signal to drive the board
(7) under test also provides the general strobe clock signal to the general
shift register 



(8) and the data strobe clock signal to the data shift register (9). In the
embodiment shown in Figure 1, both               shift registers (8,9)
comprise 16-bit shift registers each of which is provided with a feedback
loop.           To obtain a test signal, the test probe (11) is applied to
a node of the board under test and the test signal is received from the
node and sent directly to both the general shift register (8) and the data
shift register (9). The test signal is sampled during a BUS CYCLE ON
signal, combined with the general strobe signal and input to the general
shift register (8) and combined with the data strobe signal and input to
the data shift register (9).  When all sixteen bits  of either of the shift
registers have been filled, the sixteenth bit will be fed around the
feedback loop to be combined with the seventeenth bit so that the new first
bit in the shift register represents a product of the sixteenth and
seventeenth bit. Thus, the new data which is shifted into the shift
register contains some information from the older data which has been
shifted out of the shift register. Therefore, the contents of the shift
registers (8,9) represent a unique signature obtained for a specific number
of  shifts.   Normally,  the  number  of  shifts  will  be predetermined by
defining the number of bus cycle counts to be for example, 64,000.
The data strobe clock signal only occurs once in every bus cycle and
normally occurs toward the trailing edge of each bus cycle. The data strobe
clock signal is indicative of when the CPU (12) is performing a data valid
bus operation. Thus, if a data bus node is to be sampled, then the data
strobe clock signal should be used as this will give a repeatable signature
whereas the general strobe clock signal may not produce a repeatable,
stable sample 



signal.                                         9          Figure 3a shows
the signals produced by the bus cycle signature system to produce a general
signature for 64,000 BUS CYCLE ON signals.    The general  signal  is
synchronised with the CPU clock signal and may occur more than once in a
single BUS CYCLE ON signal. In contrast, the data signal used to produce a
data signature occurs only once during each BUS CYCLE ON signal when data
is valid during the BUS CYCLE ON signal as shown in Figure 3b. The data
signature produced by the signals shown in Figure 3b is in respect of
64,000 BUS CYCLE ON signals.           The contents of the bus cycle
counter (5), the general shift register (8) and the data shift register (9)
may all be downloaded onto the host PC so that the signature obtained from
a specific number of bus cycle counts may be recorded and compared with the
signature obtained from a known good board for the same number of bus cycle
counts.  If the two signatures are not comparable then this provides an
indication that the board (7) under test if faulty.           A further
test that can be conducted by the bus cycle signature system (1) is to
provide a signal transition bus signature.  The transition detector (10)
receives the test signal provided by the test probe (11). When the signal
transition of the test signal (TEST) is detected (on the trailing edge),
the transition detector (10) stops the sampling of the test signal. The
specific signatures obtained at this signal transition, which are held in
the general and data shift registers (8,9), and the count of the bus cycle
counter (5) at which the signal transition occurred are downloaded onto the
host PC. Figures 3c and 3d respectively show the signals used to produce a
general transition signature detected on the 



first test signal transition and a data transition signal
10  detected on the second test signal transition. Thus, the signal
transition bus signature is generated by stopping the board (7) at the
first transition of the signal rather than stopping the board (7) after a
pre-determined number of bus cycle counts. This provides a signature which
is indicative of the status of a particular node at a known time in the
operation of the board (7) under test. This information is useful for
enhancing the fault detection capacity of the system as the point at which
the failure in the board (7) under test occurs can be located by comparing
the signal transition bus signatures of a known good board with the signal
transition bus signatures of the board (7) under test. The fault can be
located by identifying the point at which the two signal transition bus
signatures differ.           CLAIMS:   1.   An apparatus for testing a CPU
based board having a CPU, a plurality of test points and at least one clock
producing a CPU clock signal at a first clock speed, the apparatus
comprising: means for driving the CPU at the first clock speed; probe means
for measuring a first signal from a test point on the CPU based board;
means communicative with the CPU to provide a second signal indicative of
the CPU performing a bus cycle; sample means communicative with the CPU to
provide a third signal associated with the CPU clock signal; and storage
means communicative with the probe means and the sample means, 



and operable to combine the first and the third signals when the second
signal is indicative of the CPU performing a bus cycle thereby providing a
signature in the storage means of the test point on the CPU based board.
2.   An apparatus according to Claim 1, wherein the first signal comprises
the stream of bits passing the test point.   3.   An apparatus according to
Claim 1 or 2, wherein the second signal comprises a BUS CYCLE ON signal.
4.   An apparatus according to any preceding claim, wherein the second
signal is initiated by a start signal from the CPU and terminated by a stop
signal  from the CPU.   5.   An apparatus according to Claim 4, wherein the
CPU is a 286 CPU and the start signal is an SOS1 signal and the stop signal
is an RDY signal.   6.   An apparatus according to Claim 4, wherein the CPU
is a 386 CPU and the start signal is an ADS signal and the stop signal is
an RDY signal.                                            This is the
replacement sheet                                              12 7.    An
apparatus according to any preceding claim. wherein the means to provide
the second signal is a personality adaptor which is specific to the type of
CPU being used on the CPU based board being tested.   8.   An apparatus
according to any preceding claim, wherein the third signal is a general
strobe signal which is synchronised with the CPU clock.   9.    An
apparatus according to any one of Claims 1 to 7, wherein the third signal
is a data strobe signal which is indicative of whether data is valid in the
bus cycle. 



10.  An apparatus according to any one of Claims 1 to 7, wherein the third
signal comprises a fourth and a fifth signal, the fourth signal being a
general strobe signal which is synchronised with a CPU clock and the fifth
signal being a data strobe signal which is indicative of whether data is
valid in the bus cycle.   11.  An apparatus according to any preceding
claim, wherein the sample means to provide the third signa1 comprises a
personality adaptor which is specific to each type of CPU being used on the
CPU based board being tested.   12.  An apparatus according to Claim 7 or
11, wherein the personality adaptor provides the second signal and the
third signal.   13.  An apparatus according to any preceding claim, wherein
the probe means is a single test probe.   14.  An apparatus according to
any one of Claims 1 to 12, wherein the probe means is a test fixture
comprising a plurality of test probes which are selected by a multiplexer
to determine which test point is sampled by the respective test probe.
13  15.  An apparatus according to Claim 14, wherein the test fixture is a
bed of nails test fixture.   16.   An apparatus according to any preceding
claim, wherein the storage means includes a feedback loop for combining the
oldest signal stored in the storage means with the newest signal to be
input into the storage means and removing the oldest signal from the
storage means.   17.  An apparatus according to any preceding claim,
wherein the storage means is a shift register.   18.  An apparatus
according to Claim 17, wherein the shift register comprises a data shift
register for combining a data strobe signal which is indicative of 



whether data is valid in the bus cycle with the test signal and for storing
the combined signal in the data shift register, the data shift register
being a 16-bit shift register.   19.  An apparatus according to Claim 16 or
17, wherein the storage means comprises a general shift register for
combining a general strobe signal which is synchronised with the CPU clock
with the first signal and for storing the combined signal in the general
shift register, the general shift register being a 16-bit shift register.
20.  An apparatus according to any preceding claim, wherein the first
signal and the third signal are provided to the storage means for a
predetermined number of bus cycles performed by the CPU.   21.   An
apparatus according to Claim 20, wherein the predetemlined number of bus
cycles performed by the CPU is 64,000.
14 22.  An apparatus according to any preceding claim, wherein the second
signal is delivered for a time greater than the time taken for the CPU to
complete a power on self test.   23.  An apparatus according to any
preceding claim, wherein a bus cycle counter is provided to count the
number of second signals.   24.  An apparatus according to any preceding
claim, wherein a transition detection means is provided to detect a
transition of the state of the first signal and to provide a signal to stop
a test of the CPU based board   25.  An apparatus according to Claim 24,
wherein the transition detected by the transition detection means is a
trailing edge of the first signal.   26.  An apparatus for testing a CPU
based board including a CPU and at least one clock producing a CPU clock
signal, the apparatus comprising a probe operable to receive a test signal
from a test point on the CPU based board; a personality adaptor coupled to
the CPU, the personality adaptor operable to receive signals from the CPU
as the CPU operates in response to 



the CPU clock signal, and in response to the signals from the CPU, operable
to produce a BUS CYCLE ON signal and a strobe signal; a controller
communicative with the personality adaptor, the controller operable to
receive the BUS CYCLE ON signal and the strobe signal; and a storage device
communicative with the controller, the storage device operable to combine
the test signal and the strobe signal when the BUS CYCLE ON signal
indicates that the CPU is performing a bus cycle and operable to store a
signature of the test point on the CPU based board.   27.  An apparatus for
testing a CPU based board including a CPU and at
15 least one clock producing a CPU clock signal, the apparatus comprising:
a probe operable to receive a test signal from a test point on the CPU
based board; a personality adaptor coupled to the CPU, the personality
adaptor operable to receive signals from the CPU as the CPU operates in
response to the CPU clock signal, and in response to the signals from the
CPU, operable to provide a BUS CYCLE ON signal, a data strobe signal, and a
general strobe signal synchronized to the CPU clock signal; a system
controller comnmunicative with the personality adaptor, the controller
operable to receive the BUS CYCLE ON signal and the data and general strobe
signals; a timing generator coupled to the system controller, the timing
generator operable to receive the data and general strobe signals from the
system controller, the timing generator coupled to the CPUJ based board to
provide a reset signal to the CPU based board; a first shift register
coupled to the test probe and the timing generator, operable to combine the
general strobe signal and the test signal when the BUS CYCLE ON signal
indicates that the CPU is performing a bus cycle, and operable to store a
first signature of the test point on the CPU based board; and a second
shift register coupled to the test probe and the timing generator, operable
to combine the data strobe signal and the test signal when the BUS CYCLE ON
signal indicates that the CPU is performing a bus cycle, and operable to
store a second signature of the test point on the CPU based board.    


