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The prlesent * invention relate to a bus cycl e _si nature system and nore
particularly to a bus cycle signature syste

esti
debugging a central processing unit (CPU) b 6 rZ The
bus cycle signature systemis for use in testing and trou oti PCAT

not her boards and ot her CPU based boards. The bus cycl e si gnature system

generates highly repeatable signature words for each n own good
board which can then be stored in a database for conpa?gam a suspect
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quality assurg‘rilicge@hgts | & or for the {pur pRERLACEDeBHEEITRg t hEG
suspect board“l‘ﬁ;ﬁﬂ'rdéntﬁﬂ’?ﬁi @WWW@/WJI 7] mRSeption : paged ........ ARk £r......
not her boards have grown to such a densi ty andgf efdeh |typ;1 at_nOMoYpaged SHV....

expensi ve aut tes (AT St 8k M iwih §oeQl YE AR paged =
effectively tg.gatha'r?d éﬂ’o esﬁé’l‘?? rds@T\ g,rxig_]pt%e o ga.g_spl“ }gg CCPU
and a chi pset conprising hi ghI y integrated appl [at |c | gr
circuit (ASIC) chips w - 1 e}

cl ock sp(eed of _such awgtggrgrégghguaﬁﬁpg {)ﬂe Fange of -?0 af’yﬁ}gsent
and the cl ockSigBafuse fﬂ%?%mb@m%smpseemwit@rlmcrt@ase ttmsa Eyedisency
of 66 to 100 Mﬂéna@%ﬁ!"\ée@xs@éﬁi PALE SRRl Qo weéeé@ﬁ@%f%gﬁﬂ%m?rcu”

t echni ques: en/ shq rt circui't test

conponent nmeaSEPEFEh pf"8§f°'881ng uné ACEUY; basednmethex bopgdet i onal t est

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-circuite;unctional test
! ' N



2 An exanple of an in-circuit conmponent neasurenent tester is the
Tescon tester and an exanple of a digital in- circuit functional tester
woul d be the Genrad Teradyne tester. The open/short test is
basically a test to ensure that there are no unintended el ectrical open
circuits or short circuits in a non-popul ated (bare) printed circuit board
(PCB). The open/short test is not suitable for use with a popul ated board
and so alternative nethods nust 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 mould not normally be expected.

However, at a |atgl ex-hAge iﬂecﬂfeH;EC&aﬁbagéakogg%ghga Lt
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a useful technique 0 ana ogue ?ds bu
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 conponents are required with today's CPU based nother 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 tine or, alternatively, the whole board is driven by
the card edge connectors or by input connectors and the output of the board
i s eval uated when in operation. Usi ng the back-driving techni que,
the chip under test is driven by a test signals and the output of the chip
is eval uated and conpared with the expected response. This nmethod requires
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actual performance of the board under its normal operating conditions.

nerally, the faster the back-drivin ed required, the nore expensive
Sﬁeetgstgr becones. é}n the back-gr 8$ng té%hnlque, the chip %nder

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 wunder its normal operating
conditions. Generally, the faster the back-driving speed
required, the more expensive the tester becomes.



4 1 * The alternative nmethod for digital in-circuit functional testing
I nvol ves 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 wite a specific test programme for each type of board to be
tested. Additionally, in the case of CPU based boards, it is necessary to
synchroni se the CPU on the board under test with the inboard functional
tester. In order that the preseng invention nmay be nore readily
under st ood, an enbodi nent thereof will now described, by way of exanple,
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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 systenm
controller (2) is connected to a personality adaptor (4)



bus cycle signature system(1). In addition, the systemcontroller (2) is
connected to a personality adaptor (4)

5 (shown in Figure 2) which does not conprise an integral part of the
bus cycle signature systemunit (1). A bus cycle counter (5) is
controlled by the systemcontroller (2) and the function of the bus cycle
counter (5) will be discussed bel ow A timng generator (6) for
driving a CPU based board (7) to be tested is controlled by the system
controller (2) and is connected to the boagd (7) under test, to two shift

registers (8,9) and to a signal transition detector (10). The first
shift regi ste(rshwmrirseslguﬁéner)alwrﬁicg{\aaaég #Bicf tcén?;%féér ah8k %%@r%lie
second shift re |st dat a, si gnature shift i ster
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the bus cycle S|gnature s sfem t he board ) under test is supplied
with a power supply. 1ng %ﬁgeﬁéFQEnaﬁ)t ygaaap%%vxng #hiCHY | based

connected to bbargysiem g’o@t rioe | e&;;s(t?é%l Sl TonavladeEdbdi r ekl ys?gtgﬂea
CPU (12 ft oa under tes rati

boarg (;)Oto Eﬁnggsggg§eﬁgg ggd(dﬁllfﬁ&?ecgéécéﬁhéEQ%dh?Brahe sUBRget e

si gnature systest¢1) tandteei vl gy araEsfers gn#@, ) omndhe toi nangsdgnal at or
(6). The CPU tighsieiBRN hetedtBy Reoper SONMhLL Yr#HBPI Okhirt 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



(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
cycl e 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) 1is controlled by a nultiplexer
controller (14) which is connected to the systemcontroller (2). The
bus cycle signature system (1) may be connected to the host PC which can

nonitor the progress and record the resultssof tests perforned on the

board (7) under test. When the board (7) containing the CPU (12)
i's powered up,(f)heppagi ﬁu'l'%&bﬁle%%pl’(t13§>’§,}}?iﬁﬁ Bg@%ag% Twﬂi ploq,‘ro%e( 7%% %he

initiates a systemself-tes chi eves eratln
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perform ng a bus cycle. The personality adaptor (4) is connected to the CPU

12 [ CPU cli fi e, of the board (,7), and_recei ves signals from
'Ehe) C\F/>|Ua( ?2) V\/n?clhpig IX%HFh%%’E %’alﬁ?”c ing the GPUa (B2 wawem

exanpl e, a 288pCPHhe Ilbawtmdmnputlaﬁoﬁﬁpﬁt syglwlm t(asllom)l tcatetﬁge gﬁa&u 386
CPU w11 prodind amCaBe ] SRR, SELEBRRL, Wi “BReR. dleVa okl Shanle
stop signal . PHeFéﬁ%é‘HsesF%t%he sThet GR1E t(d2h nh@sorpl’se goal smomki ailcarkes
dependent on Hepehigotip GBUtﬁézi:y?%; ¥ |®§’¥S§rz :% %g{ﬁs?%%f& y@?«'gp; ch( 4)
8;2?? an BUS CY(e:I‘E p\l C%Lllgn?%.zi Thas “i€s” 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 S0,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 dépendent 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



termnates the BUS CYCLE ON signal when the CPU (12) indicates that the bus
cycl e has been term nated. The BUS

7 CYCLE ON signal is sent fromthe personality adaptor (4) to the bus
cycle signature system (1). The BUS CYCLE ON signal is
representative of the CPU (12) performng 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 nunber of BUS CYCLE ON signals received. A bus
cycle count is produced by the bus cycle gounter (5), each count
representing the reception of a BUS CYCLE ON signal. The
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shift register ) X
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



(8)'add 'the data strobe clock signal to the data shift register (9). In the

enbodi nent shown in Figure 1, both shift registers (8,9)
conprise 16-bit shift registers each of which is provided with a feedback
| oop. 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 fromthe
node and sent directly to both the general shift register (8) and the data
shift register (9). The test signal is sanpled during a BUS CYCLE ON
signal, conbined with the general strobe signal and input to the general
shift register (8) and conbined with the data strobe signal and input to

the data shiftsHiot HefidtBrs (e)) YdmpriPdeLas e il el d RN 1!
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wher eas the general stro st gn a not produce a
stabl e sanpl e When all 51xteen b1 s of either of the shift

registers have been filled, the sixteenth bit will be fed
around the feedback 1loop 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.



signal. * 9 Fi gure 3a shows
the signals produced by the bus cycle signhature systemto produce a general
signature for 64,000 BUS CYCLE ON signals. The general signal is
synchroni sed with the CPU cl ock signal and may occur nore 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 ingFigure 3b is in respect of
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transition of ﬁépg(?E§ﬁ ?gsdgygépednfoﬁlgﬁéltMﬁqqrﬂF%ﬂgé?
the transiti orvadéﬂedumunglﬁ)xesmmsc!dzm e igitabiad Rhdwestins Fdgakre 3B€

f b L h hel d
the gener al CanidyBReR EinPatalb bRbRuBLHTDYy LAE"BianRTs PhuER, R piGutyci .
counter (5) aﬁbwﬁﬁcﬁntW@S§ﬁgﬁapftﬁ&n§p@|BNSO§&@LEe@NaE&qmamﬂ.oaded onto the

host PC. Figures 3c and 3d respectively show the signals used to produce a

general transition si %nature detected on the
he 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



firstrtest signal transition and a data transition signa

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-determ ned nunber of bus cycle counts. This provides a signature which
is indicative of the status of a particular node at a known tine in the
operation of the board (7) under test. This information is useful for
enhancing the fault detection capacity ogi;he system as the point at which
the failure in the board (7) under test occurs can be | ocated by conparing

the siana | aRsldian Gusehs osacunascaleaskanun eeadsheded i hidie cigna

transition bus, signatures o oar.d er test. The fault can
| ocat ed by i dem3Y i FgaRfdthennpbusgt S\R;ﬁf@ﬁutr}‘?e Jfﬁ\oggpﬁﬁﬁr'e@r S’NSISCQQRP%

E i gngt gr esddiﬁﬁe?rboardCP(J) at l@h@ :\zf&rst kranditiappantike gligr=as tddther ICPUk
ased boar ving a ality test points t _one cloc
produci ng a %%%%%%*%%}gﬁﬁﬁaﬁaré?scF%%‘ErSSeQEe-{%%ge%&eg mber
conpri si ng: nEansu$ ocydlevicogntse CHbist pﬂmvidestacbmghatpeedwhpcmbasneans
for measuring; RefddSiye| Qf‘a-l:h%P% %u&e%tf r@ib&%?r ?aéﬁd aP 93,

means conmuni cative wth rOVI secon |nd|cat|ve of

the CPU perf dr¥ihgin Bhg E?éFétlganﬁFfe %rﬁo%wb?ﬂ c‘dfl 9§ #eek-t h&hdmU t o
provide a thl'fr@k&ﬁ\@io:aswcwe&duw ﬁ@rtaahgﬁalﬁboq{hél gRalt Ftedtalrge

Teans COﬂnl”"éﬁ%éé%%QMégq s@r%gg.gga@ﬁeagglﬂ at éﬁkéhrgﬁe 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.



and operable to conmbine the first and the third signals when the second
signal is indicative of the CPU perform ng a bus cycle thereby providing a
S|gnatu means of the test point on the CPU based board.

2. “Eﬂu ing to daiml, wherein the first signal conprises
t he str ¥ passing the test point. 3. An apparatus according to
Caiml or 2 wherein the second signal conprises a BUS CYCLE ON si gnal

4, An apparatus according to any preceding claim wherein the second
signal is initiated by a start signal froqh}he CPU and term nated by a stop
signal fromthe CPU. 5. An apparatus "according to daim4, wherein the
CPU is a 286 tlamgs the start signal is an SOS1 signal and the stop signal
is an RDY signal. 6. An apparatus according to Claim4, wherein the CPU
is a 386 CPU and the start signal is an ADS signal and the stop signal is
an RDY signal .1. An apparatus for testing a CPU basedTBbﬁrHShh@%ng
r epl acenent sgg { 1ity of test

appar atus accor |ngat Any prece bnE?dT?ﬁ st e fRerk PE°9PG&P€E
t he second S|Gha¢9¢scéogbr§@QMah¢/whmmhoapnhrahusscqmpnﬁsestmeihe type of
CPU bei ng usedrGR ide éﬁaj§§§GthQ%§j&Wﬁngﬁggﬁt%%§ed lPﬁoﬁglﬁggﬁéa%%?

according to %ﬁ%*Prece ing c/Jaim wherein the th 1S a genefra
strobe signal GAINg sndHiHh sédoRpdn fRemCRU &RSEK. P°113t: megns to
appar at us accprovige @ aeyondesabnellaingitatavé owheh@'@thﬁek?biﬁlﬁbggal

S 7 data strghg sigpe ilhre | el % OTpriRLE" §7 BniSa  Asignhl 1

An

associated with the CPU clock signal and storage means 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 S0,S51 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.
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An apparatus according to any one of Clains 1 to 7, wherein the third

rises a fourth and a fifth signal, the fourth signal being a
general Jg,iﬂhﬁ"j uﬂ! l\m ch is synchronised with a CPU clock and the fifth
si gnal e S|gnal which is indicative of whether data is
valid in the bus cycle. An apparatus according to any preceding
claim wherein the sanple neans to provide the third signal conprises a
personal ity adaptor which is specific to each type of CPU being used on the
CPU based board being tested. 12. An agaaratus according to Caim?7 or
11, wherein the personal ity adaptor provides the second signal and the
third signal. 7. 13. A agppaphss AGIcHdIh OténYaﬂ{re‘iﬁ:‘Hd&ﬁ-lga mefe'n
t he probe nean%ﬁg £§ l e test robe é@ %ggaratus accordlng
any one of O XPFESi™ g B "thé’rﬁﬁ’& rTEBﬁs cond o §ignad (dis a
conpri sing a petrsanatly tyf atmitqrr ofteiciwhishspeeigebetoetny typell b peewer
to determ ne | e e¢tiye fest pr obe.

13 15. An ag%ar t&%ggbggrgh F%agﬁgggl?§ E@here %ﬁ ¥te§t fixture is a
bed of nails test fixture. 16 An apparatus according to any preceding

claim whereig.the stanadgpopRedtus NGdedeihd eegbagky the
ol dest si gnal tored |gﬁé2ﬁg§tora e neans%m%rlthe nemggtcggﬁngfngiggﬂg

i nput into th¥ §F8F59§ & |Hﬁ;§rﬁ?Qﬁ%E%ts§¥§h%lS%Q%ﬂitﬂhlch
st orage neansis s¥hchrAniaspdawdthsthecgPUi Bjotk.any precedi ng claim
wherein the storage neans is a shift register. 18. An apparatus

according to Claim1l7, wherein the shift register conprises a data shift
regi ster for Benbini n§naappavates checerding twialy ione wdi cihins afto 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 wvalid in the bus cycle.

11. An apparatus according to any preceding claim,
wherein the sample means to provide the third signal
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 clain,
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

i 10



\;\)r\ét hér—data is valid in the bus cycle with the test signal and for storing

t he ' lgnal in the data shift register, the data shift register
bei ngmﬂaﬂﬁl ﬁ ,ﬂ)ﬂ”r egi ster. 19. An apparatus according to Claim16 or
17, wherei M ge neans conprises a general shift register for

conbi ni ng a general “strobe signal which is synchronised with the CPU cl ock
with the first signal and for storing the conbined signal in the general
shift register, the general shift register being a 16-bit shift register.
20.  An apparatus according to any precedigg claim wherein the first
signal and the third signal are provided to the storage neans for a

predet er m nedmolHip] eerbes Q¥ELPHIREHIR{ AR kY t#lﬁ Y ;
appar at us accordip% t.o C aim 20, wherein the predet errgﬁgi nsegaﬁ%’r%gr égf t%ﬁs

cycl es perfor FEGPEYHNE &St BrERea00.

14 22. An apparatus according to any preceding claim wherein the second

signal is delihyered f ' ater than the tipe.taken fqQr the CPU to
conpl ete a po%/ér' on.sg faﬁpggdsa{gtgféf c%ﬁgéﬁﬁarﬁuéf%%oﬁ rnd' F LR the
precedi ng cl ateFtwidkénreaisus bedl efcoanier testpfixituee.t 0 count the

nunber of second signals. 24. An apparatus according to any preceding
claim wherein_a trangition detection neans is provided to detect a

transition of 1Phe stafB APRIAYRYS sRCSOFRdNIanEor ANY oPresedisggnalain, st op
a test of thewhPbehnsdhebostarageSmeans aRRPYAldEs a8 CoedaBacko 10 "EE4

wh [ the t kL { the t I ti detecti a
trai i ng edgecCRBERLAD, B0tV L0Gahi*Roradl £F Bhe Bhcieiie peampy
based board ivitFhdthg negrstasdganll &asbeorimpitodnty dtheisigoraddnednsk
slgnal, the aRRar AblisyeRGPERS| 89a8sP! OPEnRPCEABNCLhR bEERYE fehgst signal

froma test point on the CPU based boar a persona ptor coupled to
the CPU, the personality adaptor operable to receive signals fromthe CPU

as the CPU operates iBnr efpirsfusd according to any preceding clainm,
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.
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t’hé 'CPU cl ock si gnal and in response to the signals fromthe CPU, operable
to produce E ON signal and a strobe signal; a controller
}m\xm e personal ity adaptor, the controller operable to
recel m * ON signal and the strobe signal; and a storage device
n-l cattlve with the controller, the storage device operable to conbi ne
the test signal and the strobe si gnaI when the BUS CYCLE ON si gnal
indicates that the CPU is performng a bus cycle and operable to store a
signature of the test point on the CPU basgd board. 27. An apparatus for
testing a CPU based board including a CPU and at
15 |east one gock proghichBafatl Gktkdindnato C181PRAS At WieFRTR dggeng

a probe operable to receive a test signal froma tesf point on
based board; ®PERIEHERINSA MG o se&ﬁq}etsné’e@ﬁ?rnt% hye then 4B, is
adapt or oper ald4, doo .y eceive signals fromthe CPU as the CPU operates in
response to the CPU clock signal, and in response to the signals fromthe
CPU, operable to provide a BUS CYCLE ON signal, a data strobe signal, and a
general strob&i gnal Aynspparnakug tacetredORN dHoochnyi gpraéq’erhimg/stcdmz.m,
control ler copgapyiGRitne dhddhd hei PO{‘§| aéiﬁ‘gf@&ofort Qeg‘iﬁt@

operable to receive the BUS CYCLE gnal and the data an aI strobe
signal's; a ti MAfR G&eetdms: takep Eartbh?h%PQﬁ? é?ﬁ%ﬂ‘i‘%lar @P“’etrhé’nt Selig
generator opersddte to receive the data and general strobe signals fromthe
systemcontroller, the timng generator coupled to the CPUJ based board to
provide a reset signal to the CPU based board; a first shift register
coupled to t h@3.est per'beappdrahGStiaﬂm@htgr@orangpemaéﬂeding codbaiimg t he
general Strobersh@nal aApds! Bclestorhtlp! 1My ifed s Cdre Ehes hiBler
ormng a bus opera

indicates that the CPU I s pe e to store a

first signatucE seqomd sdgnad&i-nt on the CPU based board and a second
shift register coupled to the test probe and the tim ng generator, operable
to conbi ne th data s%ﬂgbe Si EI and t he .test si gnal en the BUS_CYCLE ON
si gnal i ndi ca ds t hat EB@'C:‘P U e AW s ¥ é"r e GREMy o

store a seconwheirghia ar e:rahsurteomesletpcltlibnoneahs ﬁ:BUpbayddeﬂoabddetect
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
the trailing edge of the first signal.

26. An apparatus substantially as hereinbefore
described with reference to, and as shown in, Figures 1 and

2.

27. Any novel feature or combination of features
disclosed herein.
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