AUTOVATI C FAULT- TESTI NG OF LOG C BLOCKS USI NG

| NTERNAL AT- SPEED LOG C- Bl ST BACKGROUND OF THE

I NVENTI ON [ 001] The present invention rel ates
generally to hardware testing and, nore particularly,
to automatic at-speed fault-testing of |ogic blocks
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approach works, the tests are perforned at speeds
that are slower than the intended operational speed

ital i ¢ bl ock under test. Thus, logic
W@R@NDQ@ cbHE; INVENJIQN speeds but passes
at | ow speeds is not detected. In addition, such tests
d80dr The present moventior stlatehgenerdlyds hadvward sting and, nore particularly,
digital logic. Hence, since the interfaces between
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failures of the connectivity nmay not be “detected
nernmore, a conplex ATE interface does not all ow
forConveni ent testing of a chipinthe field by a
field engineer. [003] Accordingly, a system and nethod
at - spee st.ing of an entire |l qgic

ded f

%‘?Q%E Sursg dh%‘FqlrﬁP@ci’ﬁ‘_c S PmEaaly peripyondrysing- ayjgmatic testing
I NVENTI ON [ 004] To achi eve the foregoing and ot her

e@jipmest GAEEJaawb schnroyaine in ke digitabéeioblacke Although this approach
works, the tests are performed at speeds that are slower than the intended operational
speed of the digital logic block under test. Thus, logic which fails at-speed or at desired
speeds but passes at low speeds is not detected. In addition, such tests generally do not |
test the macros interface to the digital logic. Hence, since the interfaces between macros
and logic are generally tested individually, failures of the connectivity may not be

detected. Furthermore, a complex ATE interface does not allow for convenient testing of

a chip in the field by a field engineer.

. [003] Accordingly, a system and method is needed for at-speed testing of an entire logic

‘block using a simple ATE interface.
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present invention, what is provided is a system and
nmet hod for automatic fault-testing of a logic block
and the interfaces of a sem conductor device (chip),
using an at-speed Logic-BIST circuit internal to the
chip. Following an initialization of internal storage
el ements such as flip-flops or static randonm access

w&&f%ﬁg&tﬁﬁmgﬁ@&g signal s are generated
ck. The output of the

ic block is accunulated into a test signature and
d@ afe dichisve, theofasegoing and gihat objects gng @@Eﬁmgatmth% purpose of the
Testing can be perforned on an ATE using a sinple test
\peesent inventibne svhabi ppevidal Badykiym asad imethet] fngutoaetic dault-testing of
the actual board conprising the chip. The ATE vector
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'ogifc-BI' ST circuit out bothering a
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way of exanple, and not by way of I|imtation, in the
felegangss sush wﬂlmﬂ@mstwm gendprrdcness merdoties (FRAMS),jdeet of test

reference nunerals refer to simlar elenments and in

wigngla ard-bherated &)rg)r&iegsikg BY 6@r18gic Ysul Mhesoutpwied the logic block is

decoder integrated circuit, in accordance wth an
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a field engineer on the actual board comprising the chip. The ATE vector is simple, since

it only needs to trigger the logic-BIST circuit without bothering about external timing

constraints.




Fig. 3is atimng diagramshow ng initialization of
flip-flops, in accordance with an enbodi nent of the
present invention. Fig. 4 is a timng diagram show ng
initialization of nenories, in accordance with an
enbodi nent of the present invention. Fig. 5is a flow
diagramillustrating a nethod for at-speed
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TION OF . THE .| NVENTI ON [ 006] In fhe follown
JO T g? RSFSCIl iHERHOR 15 Eﬂ%ﬁtﬁate% Bomay of Aramplsy bk by way of
in order to provide a thorough understandi ng of the
dineitagion, imvienfigores dfttheddctonmnyingedrawingd , andhimwehish, likeoreference
one skilled in the art, that the present invention nmay
BRnREACHGa sithild? @mentsOiiE i®whitht Of these specific
details. In other instances, well known hardware
design, operation and testing processes have not been
descrighedqi et.aht d - s Unneg R it
obsour it heloFobtk difladhSlovifl 4 il BEARRS Ahickibicd cirenit, in
is provided is system_and net hod for automatic
ﬁﬁ%ﬂf@@qcéé‘fla‘r@ 6“3?0‘1{1?%@1“08 CPTEAl HAMORt er f aces of a
sem conduct or device (chip), using an at-speed
| ogic-BIST (Built-In Self Test) circuit internal to
t he cHig.2 iFrrediagromaticrview lofwsset of flimfjopst withan incoming clock tree
performed on an ATE using a sinple test vector. It
ahdfesét rRWSin acddrédride il anboti Bnend Of {hepReseNSiheshtioay el
tests on the actual board conprising the chip whenever
a doubt as to the functionality of the chip arises.

The Aﬂ:g 4§ taq{ml'nﬁ d?dgﬂ]lll Fs‘ho@ihg GitihfizaBBh £ ﬁ?pﬁﬂﬁpst, ®n accordance with

an embodiment of the present invention.

Fig. 4 is a timing diagram showing initialization of memories, in accordance with

an embodiment of the present invention.

Fig. 5 is a flow diagram illustrating a method for at-speed fault-testing of a logic

block, in accordance with an embodiment of the present invention.




trigger the logic-BIST circuit wi thout bothering about
external timng constraints, since the |ogic-BIST
circuit is internal to the chip. [008] The follow ng
descri bes the invention in the context of testing a

vi deo decoder [|ogic block. However, this enbodi nent
is exenplary and it should be appreciated that the
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processors (DSPs) and other data pipes. [009] Fig. 1

is a block diagram show ng a video decoder integrated
q0@6Julrt thei follawingy desndgtionyvinimesous espbeific rdetsils afe sé¢teforth in order to
present invention. Integrated circuit package 101

& nafosu ahﬁdérsrtﬁfd%{gr B¢ thd éﬁé:seﬁt 1rfehdion), qp'%lll' & anderstood,

a V|deo decoder | ogic bl'ock 102 providing
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LT Bhond SE0RG P T B0 et . greetiped without
I nput snlgnal s 109 are converted from correspondi ng

sorae o allnpluthess gpesifis defails. oin other iasfapcesowelh jngwa b@fdware design,

‘nmore anal og-to-digital converters 106. [0010] A

ppétitiomn agdntestidg prdd@Ses shage ot dedn f desciisade iratdetai] tnestder not to
signals 112 for the video decoder 102. A multi pl exer

ﬁ%&éﬁﬁg{&ﬁb&emgﬁrb&h%e&mnverted i nput signals 110

and test signals 112 generated by the internal
pattern generator 103. A si gnature accurmul ator 104 is

ed a, L ati e _ou

ﬁfﬂ?l dg coit%gglg,s%&én‘? pgovuﬂ% ,ﬁyﬁtg{r{) %51 lglﬁ?’]%g g%rl hilGRatic fault—testmg
SI nals . internal to the video decoder 102, at t he

g dagis iapdsthe interfagss cofpp Semiganduster dpwcs (ehipla disingoan at-speed
the chip 101 is provided for programm ng the pattern )
peieBID (Builldn SelfeTeost)dirouid @ctedel tolih2 chipd THeeinsémivatallowrs testing
accunul ator 104, and/or ot her
to be performed on an ATE using a simple test vector. It also allows a field engineer to
perform system-level tests on the actual board comprising the chip whenever a doubt as
to the functionality of the chip arises. The ATE vector is simple, since it only needs to
trigger the logic-BIST circuit without bothering about external timing constraints, since

the logic-BIST circuit is internal to the chip.

[008] The following describes the invention in the context of testing a video decoder

logic block. However, this embodiment is exemplary and it should be appreciated that

the technique can be applied to fest any type of digital logic blocks, such as audio

“decoders, digital signal processors (DSPs) and other data pipes.

- [009] Fig. 1 is a block diagram showing a video decoder integrated circuit, in accordance

with an embodiment of the present invention. Integrated circuit package 101 (hereinafter

also referred to as a “chip”) comprises a video decoder logic block 102 providing




parts of the chip (such as the PLL 113) for
coordinating tests. The logic-BIST circuit 105
prograns the pattern generator 103 to generate test
signal s conprising boundary conditions and corner
cases in order to exercise and test as nuch of the
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ch,.as  stuck: at Its in the_gates and_ at
e ctipial e fe}lalﬁﬂﬁﬁ @eeroquﬂaﬁﬁeweegoa@%@ﬁglﬁg&m& signals 110
set of video decoder output 111 values in response to
af thevahip $@1 byénd orpurre dddog-ed-deitabmneertrelhy t he
pattern generator 103, feedback |ogic elenents such
as flip-flops and nenories internal to the video

?@mql ex pha&nageﬁeﬁor 303 Impltowieu&&dgenmﬁng ke SigAAE QUL for the video

02 can'be viewed as a data pipe.” Initralization is

b
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|nn|n of the pipe are witten to, an
ge&l@a 2 g@t@ﬁ?é?cg'w thy 1pieEnl PaifcEm gereTater {tgh oA signature accumulator
eI enent s, thereby causi ng themto assunme known
1o Liesproﬁdprédbedcrampﬂathfg then output lof ¢he etdeni dpeederali@2sis well as
| ogi c further down the pipe to also 5 assune
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desired t1ip-fl ops and memories are initialized. Note
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102 in order to apply. this technique. [0012] To rrana

grasraten 19hdbe Nidemidegodar JOR amdgihg signaturg accymuldore} O, é‘& or other
by a Phase Lock Loop 113) and as shown

partsgrfaherehip ¢aich ws the Hilgl 13) fosanmedindtinghestd. | The- 1bgioBIST Ircuit 105
may receive their clock signals 114 through a set of

PrebfaisS tHel HabinC BerdePltd 4 0B UL Qendrht8CtestMstghlals comprising boundary

conditions and comner cases in order to exercise and test as much of the video decoder
102 functionality as desired, thereby increasing the likelihood of detecting logic faults

such as stuck-at faults in the gates and at-speed defects.

[0011] In order to generate a deterministic set of video decoder output 111 valués in

response to a given set of input 112 values generated by the pattern generator 103,

feedback logic elements such as flip-flops and memories internal to the video
.decoder 102 are first initialized. The video decoder 102 can be viewed as a data pipe.
Initialization is achieved by driving the video decoder 102 to a condition where such
flip-flops and memories at the beginning of the pipe arre written to, and by repeatedly

generating reset signals for those elements, thereby causing them to assume known

values. Repeated application of this technique causes logic further down the pipe to also




t he branches of the buffer tree leading into the
corresponding flip-flops 116. For the flip-flops 116
reached by the buffer tree, the buffer tree provides a
known w ndow of time during which all of the
flip-flops 116 see a clock edge. However, if the
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buffer tree, but the reset |iInes are not car
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| ogi ¢ bl ock), clock edges may reach different
fongesettalle 1 §opg indhe videe decodemkd. in ofder terappisothis, technique.
particular flip-flop 116 may receive the reset signa
115 before the clock edge at sone tines and after the

q0el ‘Buiganage skeeof tHempsomiBignsieck! &igndl €98t(egl @Bﬂdrat&d?my a Phase
is generally applied durlng pomer-on the result is

RRbERbbi | 33 a1l b SESA afa gtlaﬂmfrc{tﬂﬁl&y %ﬁg 2 sﬁﬁa& SE the flip-flops 116 may

dlfferent ower - on | nstances
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nm ng may present difficulti es Therefore, it is
él@sbrﬁa@eé of dhex buffersized lendinglinteathe moresponding Hiplops 116. For the

values in the functional node of the video decoder

figRflupst hibuteativdoby tHeO e fires b Msuffebitd® Ipyoddddl & ki@wR window of
reset signal does not acconplish proper flip- flop

fifde tduﬂh? %?ﬁéhoélle%gﬁfeafﬁ? Gf%oﬁngql Secl c(ﬁ;)nﬁ t@ﬁ% dﬁ&@e 1f the clocks are

necessa | ops saine
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fI| )-flops reset earlier possibly 6 changlng their

opy 1 Hheiata brdfeptrioe and hicpnsteasiapplied diresiyt(as fsorfien the case in
exanple due to feedback |ogic. For exanple, in some
4 dggic blukk)blclerks edgPinhy i regthl aeftPatklipSlely 256 G edifferent times.
Furthermore, a particular flip-flop 116 may receive the reset signal 115 before the clock
edge at some times and after the clock edge at other times. Since the reset signal 115 is

generally applied during power-on, the result is potentially different flip-flop values

across different power-on instances.

10013] Although a scan-chain could be used to flush the flip-flops with known values,
..r.pblllstness of internal scan-chain timing may present difficulties. Therefore, it is
d.esirable to address initialization of flip-flop values in the functional mode of the video
| decoder 102 without involving scan-chains. Simply applying a reset signal does not

‘accomplish proper flip-flop initialization, because the reset signal does not necessarily
: .1jeach all flip-flops on the same clock edge. This causes some flip-flops to reset one or

‘more clock cycles before other flip-flops, with the flip-flops reset earlier possibly




conprising infinite inpulse response (IIR) filters,

t he out put depends not only on current inputs but

al so on previous values of the outputs. [00141 To

address this, the logic-BIST circuit 105 gates the

clock signal 114, as shown diagrammatically in Fig. 3
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CRET, | B8 abien ot Qs T R olol somPosbE ofrediack"such as ones
del ays_ in the propagation of the reset signal 115 do
rRompEinganiinige ingmdse resppnsd (IR)Hfiltess, theaeputi dependsmot only on current
elements at different clock cycles. This prevents

Lingute b alsdl arerefio0svilneT ke duitguti.nt 0 al ready-r eset
menories or flip-flops. [0015] The cl ock signal 114

is gated for an equivalent of a few clock cycles 118
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?actdi]veoi s | ovﬁcé b‘rﬁl{e;al Egﬁ:g}g%p g“é#?éw@?ﬁ“ﬁ %lg&ggg“ al‘lll%é’ as shown
cl.ock signal .114 is.gated, | ong.enou for th eset . .
ey 3 S o3 SRS ioandy Wi RS Sehodion ST hspresse invention.
to be initialized using the reset signal 115. Wth the

(Gatiag the olerk signed 114 s¢paraiestit from thérzeseti sigrial 11suick that inacouracies in
resuned for a nunber of cycles 119, causing those

dheetimiigs of teatesatr ggriad ddbadtibationner daSRt inSthe Padpakdtford 6f the reset
reset. In our exanple, 4 to 20 clock cycles have been
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SIS a8 il 115 B S Sl o [ ern ok
114 is.t.hen gated again for_.an equival ent of a few )
Eycies Thip Brevents Jkaciyn H@{%#ew RifRegabiug intg alealy-rpe; megnories or
deactivated, thereby allowing all the reset elenents
{li-Heps. an i nactive reset signal 115 at the next clock

edge. [00161 A practical upper bound on the nunber of

clock cycles needed to fully initialize
[0015] The clock signal 114 is gated for an equivalent of a few clock cycles 118 during

which the reset signal 115 is activated (active is low for the example shown in Fig. 3).
The clock signal 114 is gated long enough for the reset signal 115 to propagate to all the
elements that are to be initialized using the reset signal 115, With the reset signal 115
held active, the clock 114 is resumed for a number of cycles 119, causing those elements
that are reached by the reset signal 115 to reset. In our example, 4 to 20 clock cycles

have been found to work well, and this can be adjusted for the particular logic block

~ under test. The clock signal 114 is then gated again for an equivalent of a few clock

.cycles 120 during which the reset signal 115 is deactivated, thereby allowing all the reset

elements to see an inactive reset signal 115 at the next clock edge.

- [0016] A practical upper bound on the number of clock cycles needed to fully initialize

the logic blocks can be determined using a software simulator which simulates the




the 1 ogic bl ocks can be determ ned using a software

simul ator which sinmulates the 7 operation of the

| ogi ¢ block 102. Unknown bit-values of flip-flops or

nenDries in the simul ator can be designated as
"unknown" "un-initialized" and propagated t hr ough
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i ncreas ntil. there are no, nore unkno alu and
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to test the logic block 102. [0017] In addition to

i lngicibdoakzi Q3gurttil itheyf dre paplacad mithi lawwar ealwasi tFhemuimbes of clock cycles
that they assume known values prior to a test. In a

Wal @R ideeartarunti) Zheré B! nd BIORS fiSoWmevAhRd aitPhel 1@kulting number of
random access but instead as delays, with a menory

UGS e e]ﬁ.@ﬂ{m%gﬂpﬁéeﬁ%?w@fto L c%;blgb?rfﬁi' ons serving as

an n “ e I npu delay mgrate
sequent i aIIy through the n nenory | ocations, each

[ e to he .read qut _after a delay qf n shifts,

ﬂ@‘ﬁ'ﬁ , ﬁiﬂﬁg%toaéf’ ipifjaliging, gmaﬂon% MYBIORIFS A¥e Wrikerk ioifnthat they assume
state with a known set of values, a total of n known

kapoe yaliee pfier td atest.t lﬁeamdedetieagder[]@alﬂjosﬁmamenes are used not for
particular n -delay may receive an input froma

frdnidpmidc0gssVHE0 $stebd Ad Rlela§s, WARHR nREGY et ﬂia@@&npnses n memory
cycles, n mclock cycles are needed to drive such an

rdiaeiie AP SRR e

‘19‘? 114 for equi vaI ent of - few cl ock cl es
aﬁ E%gﬂlm @ﬁmpﬁé OIS, eerlyingnt Iﬂ@Y tq ke rged pwtaaféaa dalgy of n shifts.

shown diagranmatically in Fig. 4 in accordance with an
Bnateedimender tofdrivehae /prdelag irto iadmewhistite with talknbive selasfetalues, a total
signal 115 held active, the clock 114 is resuned for

of # known values are fed into the » -delay.

[0018] Since a particular »-delay may receive an input from a flip-flop whose value is
updated every m clock cycles, n-m clock cycles are needed to drive such an # -delay to
a known state. To achieve this, the logic-BIST circuit 105 gates the incoming clock
signal 114 for an equivalent of a few clock cycles 121 during which the reset signal 115
is activated, as show:t diagrammatically in Fig. 4 in accordance with an embodiment of

the present invention. With the reset signal 115 held active, the clock 114 is resumed for

n-m clock cycles 122 in order to reset inputs to the #u-delay and thereby flush the

‘n-delay. The clock signal 114 is then gated again for an equivalent of a few clock

cycles 123 during which the reset signal 115 is deactivated, thereby allowing all the reset

elements to see an inactive reset signal 115 at the next clock edge. This process can be

repeated (as shown in Fig. 4) to flush n-delays further down the pipe. As with




n mclock cycles 122 in order to reset inputs to the
n -delay and thereby flush the n -delay. The cl ock
signal 114 is then gated again for an equivalent of a
few clock cycles 123 during which the reset signal
115 is deactivated, thereby allowing all the reset

qlnﬁﬂiﬁﬂlhg f}(lﬁ f%g? 58 | Sas‘fﬁlhféﬁoﬁ e be RQB! de ta %ﬂaﬁer number for

next c process can be repeate

shown Fi 4 flu n -deI rther down

B EseciBe fhetheotetial  itEgrongs efhpert ot nnglaftﬁmlges stored in the
sinmul ation can be used to determ ne a proper nunber

f wrdelaye pt the end phych irdtialivatiost i cal n mfigure, as wel |

as to determne the values stored in the n -delays at

the end of such initialization. [0019] After

i [0019]al gt ingtialiB@gfthd i Efﬂ dPR 2nd AEbniBR1¥8) the fogid-BBST circuit 105 activates
| ogi c- Bl ST ci rCU|t 105 activates the pattern

n% I]'&‘%.‘OI’ 'ﬂ%e RAL bglrté?n %@H&E@% % %pe%eﬁglgfc%ﬁﬁg &s one or more
f1eeg one of Tiore regl
pro d by the | I ST circuit 105 to indicate a
citthat e b P Bimed by foaqub%Tq girsuib 0% Bainirate,  mode of
choose a set of test si gnal s to be generated. The
opepativs of iR ptemrgenerdtonyl 03 hed packamse agenditedt signalayo be generated

“accor di ng to standards such as NISC (Nati onal

Tok eidngisdn 2 eadtsted B bifnt RPbratd?Akay B RS8rding to standards such as
Al ternat| on Line), SE M (Syst enme El"ectroni que
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, conponent SIm
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3@?@3 a%yames gﬁﬁﬁwgq'esm leyg #Ve?ﬁ Ghafaguposite video, S-video
pseudo-random signals or other unexpected signals)

(tBepdrad Video), easportehtvides;t orcather sigglar Mahdard.hJthe pattern generator
depending on the particular shape of the incom ng

flag A@o, gchORR: RAH-$tEndafd $iBRalY (SER afl 8GRERT sidiPds, PR¥udo-random signals
or other unexpected signals) which can increase the test .coverage. Note that depending
on the partioular shape of the incoming signal, some parts of the video decoder 102 may
remain untested, since not every part of the video decoder 102 is necessarily engaged in

decoding every incoming signal 109. Therefore, in order to fully test the video

decoder 102, the pattern generator 103 generates proper signal patterns in order to engage

- and test as many portions and functionalities of the video decoder as desired. Note that

since video decoders generally have some internal logic for providing test signals to be

| viewed on a display, the pattern generator 103 of the present invention does not represent

. sigrﬂﬁcant added test-related gate overhead.

[0020] An ATE or other external mechanism can be used to trigger the logic-BIST

circuit 105 and initiate testing of the video decoder 102, specifying an operational mode




remai n untested, since not every part of the video
decoder 102 is necessar|ly engaged in decoding every
i ncom ng signal 109. Therefore, in order to fully test
the video decoder 102, the pattern generator 103
generates proper signal patterns in order to engage

al{hg nf eryewf £ti nf\bggs B%Eﬁf.,l!eoce%é bides d&go&é}emz. Logic-
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pattern generator 103 of the present invention does
rddeqa @Qﬂogg'em pEigeams thearidecaderoden 162tto opbratein gdesired operational
over head. [0020] An ATE or other external nmechani sm

aneddfer peressing the p@@edted 126t davg)iad Blopfam<Eihe Glénhtuidiccafiflator 104
initiate testing of the video decoder 102, speci fyl ng

90 R BB 30 5he SRS 1O 05 A4 Grns 105 programs e
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decoder 102, prograns the video decoder 102 to operate

i104 by e@nmuw@tng withdhem ovendbe bos 197 ccesrdinggtat Heir programming
generated test data, and prograns the signature

agertfaaek eduoh ad Hdet of feghbirk Rfitacédping bbRthandy B liqhﬁs shdlGStionally for
decoder 102. Logic-BIST CIrCUIt 05 prograns t

ator 103, the video decoder 102, the PLL
@Eag]%g 9@3%21 gnature accunul ator 104 by

comruni cat | ng vvi th them over the bus 107 according to

@ghi%’gﬁ BPC o am Lﬂ%ﬁg? ,sr’ i %ncg%fgeck) mechanism to

optionally for i nd| catl ng out puts). [0021] Signature
acsammldte ther entior depoder eutBRGo(acsighdtarer dulwsatacs the Miglek )decoder 102

mechani smto

output values are compressed into a single value referred to as the “test signature” (or
alternatively compressed into a set of values). CRC ensures that the test signature will
differ from a correct reference signature even in the presence of a slight change (such as a
one—bit change} of the decoder 102 output. The logic-BIST circuit 105 determines the

actual times at which the signature accumulator 104 reads the consecutive outputs of the

video decoder 102. At the end of a test, the final value (signature) stored in the CRC

- output register is a function of the sequence of outputs produced by the video decoder

102 during the test.

[0022] Given a particular test, a reference signature representing fault-free processing by

the video decoder 102 can be computed using software simulation. The logic-BIST

, circuit 105 can cause the final values to be written to a register which can then be read

and compared to the values predicted by the software simulation. A match indicates a
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accunmul ate the entire decoder output to a signature.
I n essence, the video decoder 102 output values are
conpressed into a single value referred to as the
"test signature” (or alternatively conpressed into a
set of values). CRC ensures that the test signature

ebdd ciidp (ife f S Y :
B Lk <D RO o IS S PRk Rioes @ st in
c f th coder .1 out put, The | pgic-BI ST )
cﬁi%cq%ﬁf‘%’ ‘%6%368 Z?gﬁ’ﬁig@g‘ﬂ% ﬁéoteiag Aiengiupgaai atelmswateﬁa fault in the
signature accunul ator 104 reads the consecutive

olpEpublacty pndes desty snfenotde buglén theo@dedying dg@ithmoimmemented by the
test, the final value (signature) stored in the CRC

ologjaublocle giret @lie teferendeUsighdt@B i0 bblahiRd YUHRMEANG fthe logic block. It
out puts produced by the video decoder "102 during the

i 00528 P LA € Tl 153 o o
L e S A —

final values to be witten to a register which can

tSignal bisey ehhe videp desndar ¢02.t dThishenablds uestingr efibedcifit sub-blocks or
the software sinulation. A match indicates a 10 good
alairpwiig downafatley toepédific beRCHf tROVIAG 18QIEr fdock) . while

a msmatch indicates a fault in the video decoder 102

| ogic block. Note that a signature mi smatch indicates

03y i | st lag Mg}p t and, not hug :
iq{r)] t Ee Tinder] ying %|%6??‘$%m | gﬁfgtrpgﬁfféraatbsye?cﬂgault?tgb g of a logic
k. since the.,reference signature is obtained by L

Bl R0k ARt of TheesnmaPiom Al step 201, initilize
appreciated that in addition to the direct output 111
dip-flpps andgmemaresoefothe lagie bldcke 0Bi tAt step RO2t teiggdrythe Hsternal logic-
CRC into a test signature may include.any other

Bif'Bcerio] to generate test signals for processing by the logic block 102. At step 203,

produce a test signature from the output of the logic block 102. Finally, at step 204,
compare the test signature to a reference signature in order to determine whether the logic

block 102 passed of failed the test.

[0024] Although the invention has been described in the context of a video decoder logic

- block, it should be appreciated that it can also be used to test other types of logic blocks

that accept a set of input signals and deterministically generate a set of output signals.

Examples of such logic blocks include audio decoders, DSPs and other data pipes.

[0025] One advantage of the present invention is the ability to conduct fault-testing of a

logic block at the intended operational speed of the logic block without the use of a

- complex ATE for feeding clock and test data at correct phase.
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signal lines of the video decoder 102. This enables
testing of specific sub-blocks or narrow ng down
faults to specific areas of the video decoder 102.
[0023] Fig. 5is a flowdiagramillustrating a nethod
for at-speed fault-testing of a logic block, in

a[Me2s)d AReReMVadvintide FTIRE HPRB i?l.(feﬁtﬁﬁ lertgé ?Pflity to test giveﬁ logic

I nvention. At step 201, initialize ops an

ries of the,logic block 102. At step 202, trj r

R I et o s BRCHIBSEC B F Dpcidgod 3B, 4 £l d A3GE paxt of an
Si %nal s. for processing by the | ogi c block 102. At step
Aptpgrated JEruE board easy bestesfad by racfigld engineer simplyy wiprogremming the
| ogic block 102. Finally, at step 204, conpare the

tehdy tosbigaad tysentode,celingihatirNeRtsSwhidh tavd Bthefvios #Rioled in taking the
determ ne whether the logic block 102 passed of
fia __ . , N as
(Rl (i 5 eske it cople i Bpeclifed IPAMIARAR
bl ock, it should be appreciated that it can al so be

tp test other types of |ogic.blocks . that accept
{060 " Sl aebhfeg.of B nepentRdpriion S ibe abiiy bolteh abis gates and
a set of output signals. Exanples of such |ogic
masEgss(sudhcas memerien anddided dhan, winPasinga seanhehairdtestamethod. Some
pi pes. [0025] One advantage of the present invention
ilegi¢ higfoelts | int vnticipativhd WEt a f sdahichb@S bafd Qéstin h?;ﬁ'béfch, comprise
bl ock at the intended operational speed of the logic

BludsMetrd RBIH ﬁ:ﬂft\#@ﬁn@g ofli g%?ﬁgiﬁ Ynedry ! %d'%@?d&%rises a set of

clock and test data at corr ase.
Anot her advantage of th resent .i nvention js t )
RRSY 164, PR 2 Fodonent 1 Tce e Rmilioity whfle amother inpu
l ogi ¢ block that is packaged into a chip and nade part
gempgpses jansd gefagaes &orr ganeratingdest ivpwt by thesnemlohyy &ince a typical
field engineer sinply by re-progranm ng the

scan-chain based approach tests the gates and the memories separately, the multiplexers

are not tested and may harbor stuck-at faults or other faults compromising logic block
functionality. In contrast, the present invention tests the logic block in a fully functional
mode and as a whole, exposing faults that would remain undetected when testing portions

of the Jogic block separately.

~ [0028] Another advantage of the present invention is the provision of a simple ATE

interface. Since almost everything is done internally vvithin the chip and the logic-BIST

| circuit controls the chip by gating the clock and reset lines, the ATE interface is kept
-simple and provides a way to simply program the logic-BIST circuit to choose the test-

* modes, perform the tests and collect test results.

[0029] Another advantage of the present invention is that unlike other logic-BIST circuit

~approaches, the provided test cases are not random but are designed to test as many
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chip to enter a test-node, elimnating costs which are
ot herwi se involved in taking the board or the chipto
a tester with conplex or specialized test equi pnent.
[ 0027] Anot her advantage of the present invention is
the ability to test nore gates and nacros (such as

REARE t

met ho%seSfSpﬁrng 165 ogl caékq)?g]ogk in 5‘515? c%)a%ﬁ??on ojflggs '8 likelihood of
sean-chajn, b testin approach conpri se

n%%??ﬁ%é Fg?%ﬁﬂﬁﬁu?gg Fﬁp kinds of input into a .

menory: one input conprises a set of gates for

providing a portion of the logic block functionality,

wWie0B Herseeing desmibed cobodinienisofiths dtvantionareprovitted as illustrations
generating test input for the nenory. Since a typica

sadndesdrijitionfaThely &P RPOOREIEE &S ﬁnﬁtﬂﬁe teRGorfprediSe form described.
nmenori es separately, the nultiplexers are not tested

esIVE f Le f.aul ts
?g%'Sr om'aii ?{ng ogl ¢ EI & a?é‘ih&ﬁ b|Raolﬁl g éﬂ F a}?oveé%%%g’tand it is thus
i nventiion tests the |ogic block in a

rffaBidihgihe ihgE Shinyentionncy s Mnited s dtie Rt lsdisscrintises, but rather

mpuld remai n undet ected when testing portions of the

|bydilaims folewingpar at el y. [0028] Anot her advant age of

the present invention is the provision of a sinple ATE

interface. Since al nost everything is done internally

within the chip and the logic-BIST circuit controls

the chip by gating the clock and reset |ines, the ATE

interface is kept sinple and provides a way to sinply

programthe |logic-BIST circuit to choose the test-

nodes, performthe tests and collect test results.

[ 0029] Anot her advantage of the present invention is

that unlike other logic-BIST circuit approaches, the

provi ded test cases are not random but are designed to

test as many
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.. processing the t

12 features of the logic block as desired. This
capability increases the |ikelihood of detecting
stuck-at faults in nost gates. [0030] Foregoing
descri bed enbodi nents of the invention are provided as
illustrations and descriptions. They are not intended
tolimt the invention to precise form descri bed.
O her wa CcaAIons and enbodi nents are possible in |ight
of above teachings, and it is thus intended that the
scope of inventjon not be limted by this Detailed
Descr i b4 esmicensuciondeiase, copuEsiagns fol | owi ng. 13 WE
CLAIM 1. A seniconductor device, conprising: a logic
bl ock havi . f f£linp- i ‘
connect d torogfsiavipe st SR AR WEBlEb  onnseted toa lock
pattern nerator for, generating a set of test signals
for pr &gy rasst t8Mak 7| ogi ¢ bl ock; a signature
‘accumul ator for producing a test signature based on a
set of out It € oSS
D RCRE o b O O R R rogsping by the
(Iogiq6§%§ﬂkkpircuit for initializing the flip-flops
and nefories’ by performng the foll owi ng sequence:
(a) gating the clock signal
a signature accumulator for producing a test signature based on a set of

outputs produced by the logic block upon processing the test signals; and

a built-in self-test (logic-BIST) circuit for initializing the flip-flops and
memories by performing the following sequence:;
(a) gating the clock signal;
(5) activating the reset signal;
" (¢} resuming the clock signal while holding the reset signal active;
(d) gating the clock signal again; and
(e) deactivating the reset signal,

and initiating testing of the logic block;

wherein initializing the flip-flops and memories causes them to
simultaneously store known values despite timing variations or propagation

delays of the reset signal across the flip-flops and memories.

2. A semiconductor device as recited in Claim 1, the logic-BIST circuit flarther. for B
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(b) activating the reset signal; (c) resumng the
cl ock signal while holding the reset signal active;

> (d) gating the clock signal again; and (e)
deactivating the reset signal, and initiating testing
‘of the logic block; wherein initializing the

flip-flops and nenories causes themto sinultaneously

st ocro‘?nd%t[-llﬁ%%e‘{gﬂé P%ﬁ/atgl%sc@ b Erefeh Tl H8haf A6 AL tPenRisignature

propa

flip-flops and [ 2. A sem ¢conductor devi.c S

r PGP Re st to! fpiete S ppesng et e selnrtes pepgnlty B
for 14 r conparing the test signature to a reference

si dagiefiek. t he reference signature representing the
result of fault-free processing of the set of test
signals by the |logic block. 3. A sem conductor device
as recited in Caim2, wherein the reference signature
is conputed by simulating fault-free operation of the

| odi. &\ dendcdndattot ieicek rafited @sClais i2gwabsin the reference signature
sem conductor device as recited in Claim1l, wherein

t hgs badpeedbPSikul SRTBAISES: Gho¥dt

for decodi ng video Signals, 'and the pattern generator
gegﬁgﬁhes the set of test signals according to a

sta

s of the reset~signal across the

R')ﬁ%f@fe% 8b1dcR Oh ehdXePEKtest

ard sel ected from

4. A semiconductor device as recited in Claim 1, wherein the logic block
comprises a video decoder logic block for decoding video signals, and the pattern
generator generates the set of test signals according to a standard selected from
the group consisting of NTSC, PAL, SECAM, composite video, S-video, and
component video or according to non-standard inputs in order to increase fault

coverage.

5. A semiconductor device as recited in Claim 1, wherein the signature

. accumulator comprises a cyclic redundancy check (CRC) for producing the test

signature by incrementaliy compressing the set of outputs produced by the logic

block.

6. A semiconductor device as recited in Claim 1, wherein the logic-BIST circuit
determines the times at which the signature accumulator reads the set of outputs

prpdu_ced by the logic block.
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t he group consisting of NISC, PAL, SECAM conposite
vi deo, S-video, and conponent video or according to
non-standard inputs in order to increase fault
coverage. 5. A sem conductor device as recited in
Caim1, wherein the signature accunul ator conprises
a cyclic redundancy check (CRC) for producing the test
S | . 0 a) S o

nat &E’n‘ﬁc&gmlﬂ%? El%)y?&’e!thﬁgééflééd GPORIT 1'&1@ 906g5@§10§19ﬁa\/?ﬁg a memory

out puts produced ogic b

sen1con uctor .d eci.ted. in C aim

t nefgt e eI L e GERUAe Ehet Pty et b flgpine it
the si ature accurmul ator reads the set of outputs

pr oHiile Beovpy valygs. | ogi ¢ bl ock. 15 7. A sem conduct or
device as recited in CQaim1l1, the |logic block having a
menory elenment, the | ogic-BIST further for
initializing the nmenory elenent by flushing it wth
known values. 8. A nethod for testing a |ogic block
havi. igmaths @ foratstink iapedit blpsk havines ke of flip-Aopsalonndcted to a
signal and a reset signal, the nmethod conprising:

i ni dm)ad diglaDghd MR s& ienalf Holrhdindd QBspridthgper forning the
fol |l ow ng sequence (a) gating the clock signal; (b)
activating the reset signal; (c) resumng the clock

si gnal \ihitiabzihg ﬂrstlsng)ftfhp-ﬂoesbx pafamilg the ?qlkw:ing sequernce

(a) gating the clock signal;
(b) activating the reset signal;
(¢) resuming the clock signal while holding the reset signal active;
(d) gating the clock signal again; and
- {e) deactivating the reset signal;
generating a set of test signals for processing by the logic block; and

producing a test signature based on a set of outputs produced by the logic

block upon processing the test signals;

wherein initializing the set of flip-flops causes them to simultaneously
- store known values despite timing variations or propagation delays of the reset

signal across the set of flip-flops.

9. A method as recited in Claim 8, further comprising:

comparing the test signature to a reference signature, the reference
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(d) gating the clock signal again; and (e)

deactivating the reset signal; generating a set of
test signals for processing by the |ogic block; and
produci ng a test signature based on a set of outputs
produced by the logic block upon processing the test
signals; wherein initializing the set of flip-flops

Ca“s“igﬁje e %ﬁrés%néﬂagr‘% AR QPRI frd 9&%#&%2&’3119{ &h UPR, t signals

desprt ng Vv ations or propagatl ays o

res n across the set of flip-flops. 9. A
ﬁ%@'i@g?g@ﬂfed in aim8, further conprising

conparlng the test signature to a reference signature,

the reference 16 ir: signature representing the

result of fault-free processing of the set of test

signals by the |ogic block. 10. A method as recited

i n° 1. & method wheciedintCainr @fvdroic Segifgreacesignatere is computed

conmputed by sinmulating fault-free operation of the

| oghicsikubeikg Grultt e opetatioh of Setlogic Bloak 6n thkket of tee kigaals.

as recited in aim8, wherein the |ogic block

conprises a video decoder |ogic block for decoding

video signals, and the set of test signals are

gener at ed according to a standard selected fromthe

g r o].l“!lp Aclg@tﬁb&; hd H:glt in'afn 8 éﬁ@k‘e\}rﬁ ggg@gﬂ: b&gﬁg&ﬁi}fi&s a video

vi deo, conpoﬁ
decoder logic block for decoding video signals, and the set of test signals are

generated according to a standard selected from the group consisting of NTSC,

PAL, SECAM, composite video, S-video, and component video.

12. A method as recited in Claim 8, wherein producing the test signature
comprises incremental compression of the set of outputs produced by the logic

block.

13. A method as recited in Claim 12, wherein incremental compression of the set

of outputs comprises using a linear feedback shift register (LFSR).

14. A method as recited in Claim 8, wherein generating a set of test signals is
performed by a pattern generator residing in the same semiconductor device as the

- logic block.
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12. A nmethod as recited in Caim8, wherein producing

the test signature conprises increnental conpression
of the set of outputs produced by the | ogic block.

13. A nethod as recited in Caim12, wherein

i ncrenental conpression of the set of outputs
conprises using a linear feedback shift register

(LFSR) - Is

gercy 2 Pod B KEBPH Gt §1°"5%§%L o ot T wERRRE Y
patte erat or,  residi e sem condyct or
Vil e by e Sophibor opidias Mhe RO AT et diyice
in Caim8, wherein produ0|ng a test signature is
perdsdhedogiafloek si gnat ure accunul ator residing in the
same sem conductor device as the logic block. t 16. A
nmethod as recited in Caim8, wherein initializing the
set of flip-flops is perfornmed by a built-in
self-test circuit (logic-BIST) residing in the sane
sen & andeitibobs feited & @gint Revhdd@h tnifiAlRde. thé sét 6f filb-flops is
method as recited in Qaim8, the [ogic block having a

me fﬁ%"rﬁbnﬁb&ﬁ? HBmlt—ﬁ%ﬁfﬂ@s’t ci?&fﬁmd g?d BE%T) 'réEuhhé il k98t he
menory el enent by flushing it known val ues.

semiconductor device as the logic block.

17. A method as recited in Claim 8, the logic block having a memory element,

further comprising:

initializing the memory element by flushing it with known values.

18. A method as recited in Claim 17, wherein flushing the memory element

comprises the following sequence:
(a) gating the clock signal;
(b) activating the reset signal;
_' {c¢) resuming the clock signal while holding the reset signal active;

(d) gating the clock signal again; and

(e) deactivating the reset signal.
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18. A nethod as recited in Claim17, wherein flushing
the nenory el ement conprises the followng sequence:

(a) gating the clock signal; (b) activating the reset’
signal; (c) resuni n‘&STWTcﬁ%EﬂESQIéﬁwSURﬁl | e hol di ng

the reset signal active; (d) gating the clock signal
again; and (e) deactivating the reset signal. 18
ABSTRAETMAGIC THULD BSIURURE TAGTONATCKS UAUNGT INEEENANGICEPEED
LOG C BLOCKS USI NG | NTERIAIBIAT- SPEED LOQd C-d ST

System and nethod for automatic fault-testing of a .
| ogi ¢ Systenkamintlethbé fordutdrhARefBult-dstii@ 6f 9¥ogié block agd the interfaces
gates inside a chip, using an at-speed | ogic-BI ST

IPLELAN Wi IB%]‘E egaﬁ{g iBsidE Q! Jhgi""setﬂlga‘c;}i %ﬂn%g%é 6&%@?&@1“ iftfrmal to the

i nternal stor enent s,
ck. The

g&nergoﬁgﬁggda&lpr oce Sin%gcbd.:p he I 090 genal Ogntg,l @ﬁ%&‘ﬁutg& ohals are

and conpared to a reference si gnature to detect

fgandrated and pracasged by thsdogip dlochr fiad outpubief the B gicblodkstaceumulated
Test Equi pnent) using a sinple test vector, or can be

D€t faogi freureYand dohlatbdeb Gl REBENcEidARIra 6d detectbRaalks] Testing can be
conprising the chip. Fig. 1

performed on an ATE (Automatic Test Equipment) using a simple test vector, or can be

performed by a field engineer on the actual board comprising the chip.

Fig. 1
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