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yield to acceptable |l evels, new nethods and appar at us

are needed to identify scan chain defects. [0003] Scan
w@b@omas2are critical itens for test and yi el d- PET/H§200$/082088

When they break, they both relegate a device (e.g., a

chip) under test to the fail bin (adding to the yield

| oss problem and they mask and prevent tinely and

accurate eval uation of other f&ils sourcing from

conbi national, sequential, power-distribution or clock

| ogic. [0004] The approach of design for test (DFT) or

scan nethodology is to replace all flip-flops in a

design with scan flip-flops. Scan flip-flops (or scan

cells) provide two paths into-each flip-flop: one path

for the mssion of the design, and a second path t o

facilitate test. [0005] The two npbst conmon approaches

to scan flip-flops are the MJUXD and LSSD appr oaches.

The MJUXD approach places a nultiplexer (rmux) on the

front end of the D-input of a flip-flop. The sel ector

to the nmux, known as the scan enable, determ nes

whether t o use the m ssion node input or the scan

test MIBTHOBS RO ANALYZING SCASC DY FOFDFLE

non- oVEYMEBEBS QR E0SIJONS QF HOLP ERTE AN S CHAINS

separated Master and Sl ave | atches for propagating

m ssion data; and the other pair of which operates the

separated Master and Sl ave | atches to produce a scan

shift operation. Wth the LLSD approach, the total

scan shift and san}%l,o% ﬁ@ﬂeﬂ&ét‘&ﬁhﬁ@ﬁ ncgngucted with

just one pair of clocks or a condi nation of all

of the clocks. [0006] By stitching the scan flip-flops

(or s gy cel ONe - Shi
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be constructed that will concentrate on finding faults

in sub-circuits of the DUT. [0007] Further descriptive

comentary will focus on the MJXD type scan, since-Ait




is easier and sinpler to describe. In a MJXD type

scan, each scan flip-flop has two i nput paths,
we@emwpisd2bed by a nux at the flip-flop's D i npuPCT/VE2908/082088

the scan enable is asserted, the scan chain operates

as a shift register. This allows for each flip-flop to

be set to a specific state. It_also allows for the

observation of each fIip-rop"%tate as the values are

shifted out of the device onto the scan output. Level

Sensitive Scan Design is difeefesa®d by Storey et al.

"Delay Test Sinulation", 14th Design Automation

Conf erence Proceedi ngs, g_ 492- 494 (June 1977), and
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are  operates separated Master and Slave latches for propagating mission data; and the

other pair of which operates the separated Master and Slave latches to produce a scan
shift operation. With the LLSD approach, the total scan shift and sample operation
may be conducted with just bne pair of clocks or with a combination of all of the
clocks.

[0006] By stitching the scan flip-flops (or scan cells) of a DUT into one or more
shift registers called scan chains, each flip-flop can be preset or observed. This allows
for test patterné to be constructed that will concentrate on finding faults in sub-circuits
of the DUT.

.[0007] Further descriptive commentary will focus on the MUXD type scan, since



m ssing (data snearing or bit skipping). Overall, hold
time faults can be viewed as "accidental encryption".
wo oovls92ounber of bits applied at the scan i npPCT/USIE8/082088

not match the data on the scan output, it is likely

that a hold tine fault exists. In sonme cases, hold

time faults nmake the scan chain appear to have fewer
flip-flops than it actually hat: [0012] Hold tine is a

dat a connunlcatlon fault between two adjacent cells in
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simu flop in the scan chain.
[ 001 4%65%32]8%2&%392@%?% fault - Wen the aggb essor

cel | ' [90Qfht a Thereer¢ ssyérel goreally peosptethnedels $orshgfepte (or fapttnan ehan
one | gcaliy &k«fd"c‘ﬁﬁﬁé"’{;}l{%y%gﬁﬁ'?&d\ﬁh%t' ms data. The

resul tant too nmany ones [0015] Data
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funct Ihgrrt] gll‘ bndggihat i§ Sxercised when the two signals involved are at opposite values.
[0011] Hold Time - Hold time faults are a condition that allows the data from one
flip-flop to race forward in the chain. Hold time faults are attributed to a number of
factors, including long wire routes as compared to Clock-to-Q times of flip-flops and
clock skew. This condition is suspected when data produced on the output is still
toggling but seems skewed (correct response but shifted in time) or when bits are
missing (data smearing or bit skipping). Overall, hold time faults can be viewed as
“accidental encryption”. If the number of bits applied at the scan input does not
match the data on the scan output, it is likely that a hold time fault exists. In some
cases, hold time faults make the scan chain appear to have fewer flip-flops than it

actually has,



renoved fromthe test. After 'nl nunber of clock
cycles, where 'n' equals the nunber of scan cells in

w0 b@ookedn, the input stream shoul d be obser veRCDNS1008082088
scan output if the scan chain operates correctly.
[0017] If the scan chain does not transfer data froma
scan input to a scan output reliably, the entire scan
met hodol ogy is lost. Input datda to |load the chain and
output data to unload the chain are both disrupted.
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vcles, where ‘n’ equals the number
of scan cells in the chain, the input stream should be observed on the scan output if
the scan chain operates correctly. |
[0017] If the scan chain does not transfer data from a scan input to a scan output
reliably, the entire scan methodology is lost. Input data to load the chain and output
data to unload the chain are both disrupted. This typically manifests itself as a scan
chain integrity failure. This makes the scan chain appear to be shorter than it actually
is by at least one flop. The clock skew issue cai be caused by design issues such as

timing closure, or manufacturing defects such as faulty vias or weak clock-tree



chain. Wth the standard 001 1001 1 pattern, it is
possible for a chain to shift the data 4 positions,
warpwasohe end of the pattern actually be pasRCTGS1008082088

scan chain test. [0021] As previously nentioned, in

design for test methodol ogy, flip-flops have a dual

functionality. During normal or functional node, they

| atch data states in the circui® and store values to

be transmtted to the next cloud of logic in the
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to capture the results of the logic operation. To transfer test patterns into and out of a
device under test, the flip-flops are reconfigured as one or more serial shift registers.
[0022] A type of design problem known as a setup violation can occur if the
amount of logic between two banks of registers is so great that the data does not
propagate through the logic and become stable at the input to a flip-flop within the
setup time allowed before a scan chain is clocked. When this occurs, the result that is

clocked into a flip-flop may be invalid. This is solved by design methodologies and



[0024] In conventional inplenmentations of scan

regi sters, charge flow or current is required to
wesaoabi28h a cl ock event as well as a state cheeyEsS2008/082088

defect in the conductive nedium of a device may | ower

the rate of current so that a state change or clock

event may be delayed fromits deS| red tine.

Furt hernore cl ock signals nust” Tpe distributed

t hroughout a chip and require buffers to boost

cur r eRels aprjeted psiticthoerm SingpeAndlysiay have a difference
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I f | esgnalsa@f hdve a difference in amval at their register, which is called clock skew,
and which can be managed by adjusting the buffer size and the routing of the wires
carrying the clock signal.
[0025] As an example of the effect of a hold time fault, consider a scan chain of
length 8 (i.e., 8 bit positions, flip-flops or scan cells), with bit zero (0) closest to the
scan out port and bit seven (7) closest to the scan in port. After a functional clock,
the state of a device’s logic is entirely captured within the scan chain’s eight registers,

as follows:
V(@O) V(1) V(@) V@) V@ V() V) V()

[0026] In a correct shift régister, each of the eight bits is serially shifted out, and a



percent exhibit a hold tinme fault, hundreds of bits in

a scan chain may be invalidated.-Si- Brief Description
w@Rowios92Dr awi ngs [ 0029] Il lustrative enbodi menPGT/U20081682088

invention are illustrated in the drawi ngs, in which:

[0030] FIG 1 illustrates a first exenplary hold tine

fault; [0031] FIG 2 illustrates a second exenpl ary

hold time fault; [0032] FIG 3% |lustrates an

exenpl ary test system coupled to an exenpl ary device
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for deter M®i ng(la M@beVEf Wl dVESH) n¥(Dall@s in a scan
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FIG 3 illustrates an exenplary circuit 300 (or device

under test (DUT)) conprising two scan chai ns 314, 316,
wW@2600/050200f whi ch conprises a series of four fPCPUSL00$682088

302, 304, 306, 308 that are interconnected with the

conmbi national logic 310 of the circuit 300. The

conbi national logic 310 is enclosed in a "black box"

for simplicity. By way of example, each scan chain

314, 316 is created by adding a signal nmultiplexer

before the data i nplBrief Bescsiption efdhe BEgya#Ei ng f1i p-fl op

302, 304, 306, 308. A single control signal called

Scan Enable (SE) is added to control the selection of

t hesd00aAfl t i ﬁﬁ@i@éﬁ@.em}xwi@mﬁmféhwveﬁm aEdtrEprhin ke dBawings, in

316 coilid al so be created in other ways, such as with

LSSD technol ogy. Wien the SE signal is |low, the

circuit 300 works as normal, neaning the data input to

the flhinmfl romthe

conbi B onait) g{gﬁua%ra%%ﬁrs\g\%‘gﬁp%ﬁgl°%%%§?a5&h| i s high,

the i[O ofFlgaZilluftiaiep 2 f4copd GoRplargbdd iBOGLIL308 i s

conn t he. Q- O.aNn

ot ore s o Cor HHal b B BRS e bRl 3Pl

dat a demipergndergest;ne first flip-flop 302 in the scan

chain_j s, al by gught out to an_external. pin_.(j

Scan I &1 PG A B R ibmiy TG0 Rep Bty a Gyooele

anal ysidstjmefatlts @rascauschsinj ft ed i nto the scan chain 314,

dat a Wbt <161 BRECESRGTh oA Y by Ak biggor

f r om [eReoms holl tied fiul id £&kn ghaint ern are captured in the

flip- S , 304, 306, 308. The SE_.signal is then
br oug b‘%i ac i.lgél %ﬁlu%%es ta%é“ E?B’P]ﬁrryéﬁﬂi?gtfoé a&*‘&?ﬁﬁ? caélrcgam’
shi f tposeput MG, 1 estR€s pisstondekeRplaRp atethdd fog analiing a scan chain,
expected results, bg/ t he tescL system }3?1& An_%/ .. ber of
oper alPPThal HEr Eilpstiates o AFoROHERNAY M5 o SgFEunag? Joopr ©
Caus end ¥ndrhulit e £scki dh8in0dndt he data out put sequence to
differ fromthe expected results. [004

; &%ﬁThe exe Iar% ¢
test K38 em Hepd usteaiss a5candrxempliry e {eTTHRIRG trPEAton 0
t est syt (aktohe KNMOWRe @St HGABantc@sh S or DFT tests) of the
device 300, and in sone cases may be capabl e of
carrying out functional tests of the circuit 300. A

Dat a fgaddy er ni: NBIERA Yhat, $n 1he BAEHinPdsbipiibe likO@terddad A@ibeSs
to be applied to, and the data patterns expected to

ber eaprearipgin diffseentidigyias figoes rofpra bkedemeatydiadiess dhteplerefore,
have g.3fhetlRRLEs IROBped Bf different drawing figures will not be described in

detail with respect to each of the drawing figures.




either 1) termnating the test whenever an error
occurs (e.g., when an output data state differs from
wa@nooexpeet ed data state), or 2) conpl eting thePEnUS2068/082088

pattern set and recording all of the errors that are
observed. To acconplish this, a test systemneeds to
have a Data Capture Menory. This nenory may record the
data cycle count and output pi-B0-for which an error is
observed. Another node of the Data Capture Menory is
to record the raw (act uaPptafledPessripénd from t he scan
out puts of the device 300. [0042] FIGS. 4-9 illustrate
vari ous exenpl ary met hods 400, 500, 600, 700, 800, 900
for amngazi n§efaresiewribiohaplnraliffy ofinaeliatiwdsifor datermangig the

DUT I I
(anal ) numbers o%ceﬁ%gsf’] of?l fi tl% gféultgﬁ Ci%ra %’ m&r@' <lfa1(1) Ef?ﬁl ta,g e&{ﬁ%lar&
al so benda smizhr test 3a®13beylz:ha1@ A1 sahdiest sjsmm 3 vt bet digslosed.

of fa 0 43 es a

bt holt G ebae 3h pisplant birclit HR b2 Re AP orprising
time fv@mdctnschmns HA4sHam ﬁrhta:fnwluclihernpmesh@drwé,@f)founﬂm-ﬂmssé&@z
det er t her. .a scan

o NG S0 A R BB RR VR e e 8800 R0 (Bl
so, usa)m grhb bembiratodal l8gioB 1031s amuiﬂsafm af blm‘kam ‘tfasstrﬁpht:my By way
det er nurrber f S me

Soan B MR i % 3k Gilbist i s ot et S¥ore
delt lel‘ tHe lktA ghptit (@) Bﬂ.ﬁ'ﬁ@ﬁ’ésp@ﬁdnﬁgﬁﬁ-ﬂbﬁ B02ha4g3 6] 308. fAadigtesoontrol
W ti.on

Pla 85 e Sar B S Mol oREd R aBtEr orspese hihiplorers.
det er miterhitgly,ahd sofahaifyB hl@_f 3 lﬁtcml}l"l& asd bihhﬂ?teﬁ asshddayd)alet as with
time n.a s n. 0 ri se

ot or ISP teohbiody o §RM ALk Rl dior e 0SB0 wEETRT 4552,

f ﬁr hﬂiles}urtgl tRedatadafut toaRefliy-gbss 3081308) zg)leje 08 Q2es fiofn th®,

t he val ue of an .envirgonmental .vay.

e Crtinesel Pt Pl Mg L i Sreiogt O cheh et o ape,

(as a3zbd, Bsd, 30k bnetked!th ehe@Riput SHAAGA Eﬂlp -f6plot Rkin@xtemil scan out
bl ock 504) The ‘envi ronmental varia

one of SOITHRCLercfrafiaiIP: | drsnpul fRyhe rareql%ﬁ?ﬁ %&t“i‘ @‘Ets‘iaé Shainis

made  ago biush Bt Ain ektéﬁfaﬁplﬁfileSfaSc@ Isgslp@ﬁb di’&ielxiﬁclﬁtf?)ob hafter a
envi ronrrent al vari abl e, at. whi ch

oper ateasoninahsis) pattsrhis B‘Qﬂfcefdﬁﬁto iz sgen cham .’?14 tqle %E s1gna1 is brought

low for one cycle, and the data outputs of the combinational logic 310 resulting from
the shifted in test pattern are captured in the flip-flops 302, 304, 306, 308, The SE
signal is then brought back high and the captured data results are shifted out of the SO
pin and compared against expected results by the test system 312. Any operational
defect in the combinational logic 310 will cause one or more bits of the data output
sequence to differ from the expected results. '

[0041] The exemplary test system 312 is capable of carrying out structural tests
(also known as scan tests or DFT tests) of the device 300, and in some cases may be
capable of carrying out functional tésts of the circuit 300, A Data Pattern Memory is
loaded with the test patterns to be applied to, and the data patterns expected to be



time fault behavior (at block 506). If it is

determ ned that the second val ue exists, the results
w@Roogosmaaber of scan tests are used to deter m PEI/EHS2008/082088

| ocation of at | east one possible hold tinme fault in

the scan chain (at block 508). The nunber of scan

tests is perforned using the first and second val ues

of the environnental variabl e-l1Exenpl arynethods for

determ ning the |ocation of at |east one possible hold

ti ne feadfromj the devive 300. Chaiest syitérh 3 Hemyi vessstsdatlamede, fon

this

varie dlﬁ%? {) tErtn{lr%Brti%t[leotgég%en-we? aft Jélr o\%glr}?g Lga }é?#b‘ o%l?ﬂu?gata

may | statgdr%rscfamw ekpectied drda mte) gtrz)wgmglewfg thegenting pptiteyn set and

\éthes%%Ord{ng ﬁnﬂﬁ%ear‘}o?{]tgat ar%{?g%tr\%gg %&:‘ In%hsﬁ lth(i)i, Etestastygem needs

sone tdseszDea |Csptmg l\/énnotyo%mmglomeaysfﬂ@pd the dasd tyalgeowft and

It Eteefcacn Can?ntloh wﬂl& afn error @gb %g:lwngAn?ﬁhgﬁ %ﬂdet or}%]%%tat (tjapture

el i m Neteryas l'oo’cmzbrd ﬂhmavw (mmmé staﬂ'esrqaélﬁamuhescamiltmlmf the device

shift @d ock rate (CK rate in FIG 3) can al so affect

the iRBternal timngs and contribute to the effective

oper afdoaz] of FaGS darilshae varjoOlxk6hplbily Grettods 4(]0;&]0[ Gfmeﬂ)Oamo

the maftlBreRlegs - SapereRoi e ML DR PR e

603 szmmi’blwl ESaltheﬂtb the &RRss effaatdm dheth A hpid timie lt’HuDs, $iti they also be

node (at 602 ereafter for each of one
lg%d\’i%ﬂ?&ée ﬁﬂ%ﬁ*fﬁ‘&ﬁ\? ﬁ‘ togﬁnk/sarl abl e (see bl ock

6 04) [(10'3 e tFing o if3fatbstad reﬁelrr@&r}t MéBeHAD0dorsRten@ifin®4 number of

st eps. 04744 At bl ock 606ﬁ on cog Q?nt se ence.

pat t eP?ﬁSH ble hglq;time &ayl tilﬁraé%i’ﬁﬁ at"h A ?PmPH 'Ftﬁrémnmg

out PUivh&hertahBanShais G'@é‘ddrbahtﬁdaﬂskﬁﬁlﬁdl@ﬁiné fbl Bla9ak(ab88ok 408,
"non- const ant, sequence_ pattern” is defined herein afsposmble

pat t efH i iapsiREghpierdie & apumpe 9F peaft {fsts |t%§%t?sm§1f 3 frygber o

Pr ef epabkihe faltd m%gthnra,@in @?&&&S@ﬁ) | Biemlary Ao 8O §ddtinining
sequence pattern al so conpri ses requepwhtran iti-ons

bet wedls tERBerhBPsgble plf g Bgisvl poisryssed Rifspm g deseption.

does girearrt hatystabah boniplai S tthes (fOrf&Qie&fmmmo a location of
repet mb?o]ns [0048] At bl ock ?Jl% It is deter ed

whet hétrleatsh@lerp@ﬁlb@d\qglttlg)ﬁtfaug%@ﬁ%%haﬁlatTlhgplﬁthod 500 compnses

determining whether a scan chain is a good candidate for hold time fault analysis (at

block 502). If so, the value of an environmental variable at which the scan chain
exhibited hold time fault behavior is noted (as a first value of the environmental
variable (at block 504). The environmental variable is then set to one or more
different values, and a determination is made as to whether there exists a second value
of the environmental variable, at which the scan chain operates without exhibiting hold
time fault behavior (at block 506). Ifit is determined that the second value exists, the
results of a number of scan tests are used to determine a location of at least one
possible hold time fzult in the scan chain (at block 508). The number of scan tests is

performed using the first and second values of the environmental variable. Exemplary



Is output fromthe scan chain at an expected tine. If

so, the scan chain was identified as "good" at a
w@arwsubar val ue of the environnental vari abl BCT/HS2008/082088

bl ock 612). If not, the nethod 600 proceeds to step

614. At block 614, it is determ ned whether the output

of the scan chain toggles. Wien an unexpected toggle

pattern is output fromthe scal®chain (i.e., block 614

is answered YES), the scan chain is a good candi date

f or hoétbds forelefesmihing the &cston of at \Was nnepdskible hold time fral frersean

is ou 0 .t he scan chain is

|dent(|§hgi‘pwé1 Eesmpfl{lg%ﬁf@ﬂth d?e%é?ipu ock 616). A "flat

line [084Sjer n"I‘ha @vmﬁnemeld/aMIBe’mﬁBdag the n[!ﬁtddélf)ﬁlmay take various

2?23: tl n%ﬂd magr %:ocr){]etca YR u(feso%{e orergorg ofn easstug%}{ vQ {ane?fig gi

Zer ostpmpelatsieast acshai shifitdivak rape. tﬁxpdzmeatatﬁdrﬂiy the ineenfoad Hae shiown

in response to a non-constant se Ltern,

tyot R S SRl g B B st el g Yo B for DUT

[ 0049s ahidlold) tanroarfza tetint@mtiyivgssof b clsnsahoud@ €6 Gbddor

block 618ad ri se determnln

chas rE GRS R cbreraire ek b (R i By
val uecafiblsd ifeecethy intemphimibgl and afntra»bdeeo the kfféckiee Geaifioltral sdan
failed to output the nonconstant sequence pattern at

any fie of the environmental variable, the nunber of
gossi lob4x) QOLEIG igmﬁlstﬁ'ﬂﬁ|ah 3xeh1@1|atyh@tt]§>aan$'§daabrﬁblhlﬁg and f

et erm ne ased on the results irs r o
scan ipplepenting thegpethads §py0 OSER}WG&GSE‘A' ?hih %Pdaqg, n
does @nbdes 8 2 RENCRASHRRHuISAE HIeM ERdPAL bIBEKG02). hﬂlereaﬂer

' ocatign of at |east one possible hold tjnme fault

t he S®AMTERE G OPSOTRYEY eﬁ%@nﬁ’é"éréﬂn VLI dsep plogk @f‘) ahe

S €CONKetRYiNBoe iteffes BEQIEh b 8sHeSof(sips. bl ock 622; and
preferably, the |l ocations of a I hold tipe faults are

det erl#PHéd) . AttpleckOe ARMARATIRY SeRens PaeR Bshided trough the scan

per f ogB® thntl $Hehtgub6F thd it chBR @ o5 RERM tht ¥REKISSS) O “hddconstant
envi ronnental variable., [0050] The steps of the

net hodg eagrattgn0is dakned bucinpse RAERHIRBIPEHs ¥ leaghiyo logic
vari OsesP @rdhi h@gPfiot hitessiB) Beghs-HR%ant 5&8@nc§9§tem” also

exist. In sonme cases, additional steps ma e |‘nserted
i Nt 0 GORErisee fIRGIE! EERoTS hEWeB B, tws&xloglaoreé?ﬁep §igies hBozgepstant”

or difdeig ﬂieamaeaspanw%uarbg Bt bifeptitimld Steps are
perfornmed may be vari ed
[0048] At block 610, it is determined whether the non-constant sequence pattern

is output from the scan chain at an expected time. If so, the scan chain was identified
as “good” at a particular value of the environmental variable (at block 612). If not,
the method 600 proceeds to step 614. At block 614, it is determined whether the
output of the scan chain toggles. When an unexpected toggle pattern is output from |
the scan-chain (i.e.; block 614 is answered YES), the scan chain is a good candidate
for hold time fault analysis. When a flat line pattern is output from the scan chain, the
scan chain is identified as “flat lined” (at block 616). A “flat line pattern” is defined

herein as a pattern consisting of a contiguous series of bits having a single logic state



[0051] PIG 7 illustrates a pernutation 700 of the

nmet hod 600, wherein, when the scan chain outputs an
wa@seded toggle pattern (and is therefore aPgDU82008/082088

candidate for hold time fault analysis), the nunber of

possible hold tinme faults in the scan chain is

determ ned regardl ess of whether the scan chain

out puts the non-constant sequedce pattern at any val ue

of the environnental variable (at block 702). [0052] '

Bef or @ gdebloio shaacpre ingisl zaroy). retchrodisinthef owlittey fat Haengttern, in

t he ' b ' a

the CORBS oL prS R ook BRBI s BploRl e g T bhekheof

i nt r ogtowddhorh background pattern is a pattern of at

| east ont4 | ) g IS -

soan BRSF"Jirb BHE el b2 JHUERE P ioh e ARG vclprfy

possi detezmining orhé¢themghefsgan dhain owtputdhe roe-corstisdqusncepattan eiedy

" el | AP MAE B lfhod:B v A0 Ol Bl oo R UERPRRRYS Bchillnd BRIL N

of such a §can chaln appears to be I nconsistent, 1t is

desi r andtant beguénoaphttarnsit any vela ofthevenvinormetsaloieysbba the number of

pattern.he e | i.ng the scan b0 '

Pt ¢ e et e TR S SRR GR R ke BUR, P o

scan fidkrofisn gets kg blook 520).0Hseewe if)Xhe sfen chain does output the non-

background-pattern serves to flush a sca i.n _of . .
unk n oYY SRV EF SRSy %‘ﬁ Eo.catﬁélﬁg ﬁtg?agt TBRO 8%?38; pae gafﬂt in the
anal yghschpia it deferinihdilatiasdd on i résnltd af\w secohdunkdpeoafnchn tests (at
pattern, e _bac ound patter e, .for e |l e
et DR B herGe a0 Pe oBontismn REY Be R of {4MRFy, Jhe
N CONjck@iid @libed bf Barnkstd B @erformed @ing therfirs amsecms @alpesaf the
backgr ound %g;ter may al so follow an anal ysis

pat t efH{¥r Y&U#PL- ¢ hat aggressor bits do not corrupt
the apesoy fsi snga;t pE6the ][gaﬁ&ﬁkodxlavd) ng 600 se ldf?ﬁpﬂarﬁ dny, and
concept, of a backgroun tter FIG . 8.llustrates. .an

e orpl Py ARG O MBS U A PGPS (1A s saaiional
possi @k nﬁﬂ b&indettB®infortid nSthbdd 480,308 60 halsd) andly theaymedr
exanpl e, the nethod BOO,ﬁHé be eéfcuted s a.result of
executifHgrs#yS BE CRFR DRI HStRES 7BBT OB ma7 38 V&It i n

FI GS. [0851]6 OFIG! 7 il Q24 s pthgitdioh habf BR0ndaRgic0 villelet, e the
setting of_ an environnental vari.able of a_scan ch%ﬁﬁqe

. of
to a AR cheingoHipts PR usEpqCie] dopetedaiteny @ad 1§ terfRye ¢ Brpd
i N the, §Q@AME R Mhalysit), 1k QGkbed 82ossibld 1NN tinde st Ihe sdas chain

shifted through thé scan chain (at bl ock 804). The

. is determined Tegardless of whether the scan chain outputs the non-constant sequence
pattern at any value of the environmental variable (at block 702).
[0052] Before disclosing exemplary methods for determining the number or
location of possible hold time faults, the concept of a “background pattern” will be
introduced. A background pattern is a pattern of at least # contiguous bits, where 7 is
the length of a scan chain being analyzed. Because a scan chain with possible hold
time faults cannot be loaded or unloaded reliably when data is changing, and because

the length of such a scan chain appears to be inconsistent, it is desirable to load a scan

chain with a background pattern before loading the scan chain with an analysis pattern



pattern conprises a background pattern of at |east n
contiguous bits of a first logic state, foll owed by at
wo eagsuae bit of a second | ogic state, where PCT/BES208/082088

| ength of the scan chain. Wile or after shifting the
pattern through the scan chain, the nunber of possible
hold tinme faults in the scan chaln may be det erm ned

as a difference between i) a clbck cycle when the at

| east one bit is expected to cause a transition at the
out pufi-eof petkean He whicketha PHput AR sqay chairdp geine teype PeseiRdn A
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state! I
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oast UBRY b aR FrdbEedihiE ol S8k oRBude, FRE lhuccs
transht emmplbnyoneltIaﬂ &00 fohéstgwaumgehainber whyoskibly bold tifa Erufts in a

th t h | d | "
enct <R e HIrS of LRl 3 hornd ¥ By B SITHEN L b0Ep B
t he ba&k@mgumdofplatmemods 410, 6G®e760i shewn iln(F@GS; 4sat® may
consi fﬂ&)g f g‘héd(mgth 08, E%lrfsﬂ’{‘th tfle ie tm ofean er %r%m%brftalqranable of a

robus onventional scan
chai nsdap aldamtg amloe:tb&sﬂﬁe)mvbd)tmnﬁmagmuldantelfaﬂt iathe keaa shain (at

cont 1 gttt et aeiie s3EhEn B Pegie Xe B EBsdpories
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of hol d t|] faul ts of one to,be determn

b, o0stte ol d S R Staordlod b “o8f pica SO

f aul t scafhath. MVR@F aftet slﬁf&hé th& petethgeroagh th@g:aﬁ:cham, the mumber of
one-t 0- z, f.aul t.s) ., wever,, the t hod nob

o B Dl Gl s s T R APt FRAY P <G 4 eFeng berween
ri si ny aefige cfrial v@heﬁ "chﬂ'&t Atk it :PsN@p@teﬂ tort@se anfanfiddid dtfg output
edge hold ti For ex n on
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first logic_s followed by 2n bits of the
holg %me fau}t ena%les data to propagate through one or more scan cells too quickly,

-

the method 800 determines how many clock cycles ‘t00 early” the “at least one bit of
the second logic state” causes a transition at the output of the scan chain. If the at
- least one bit of the second logic state causes a transition when expected, the scan
chain may not have a hold time fault; and if the at least one bit of the second logic
state causes a transition too late, the scan chain may have a fault other than a hold
time fault.
[0055] Although the “at least one bit of the second logic state” which follows the
"background pattern of the first logic state may consist of only a single bit, it is



second logic state, followed by n bits of the first
|l ogic state. In this enbodi nent, and while or after

W@ Riob1059207 t he pattern through the scan chai n, PEBEUS2008/082088
nunbers of rising and falling edge hold tine faults
may be determ ned as differences between i) a clock
cycle when a respective edge i s expected to be out put
fromthe scan chain, and ii) al%xlock cycle when the
respective edge is actually output fromthe scan
chai npreferablefar obystnessiiend cpspagihilifytveth cppiedigh seanehaie loading
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envi r esaBehel vae faalbd i a tiin dah Gralsedimge ktei“igp areaﬁ GenBth e the scan -

on the secand, val ue bei ng e. a narmal erating
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ot her cases, the first or second V%l ue of

envir Bﬁﬁ%ﬁlf B‘Pha‘(}%frl? %{E?r@eddﬁa, scan chain, and the second vzgue is a value at

which no hold time fault behavior is observed in the scan chain.

[0058] In some cases, the first and second values of the environmental variable
may be determined by simply receiving them from a user. For example, a user may
provide the values by inputting them via a user interface of a computer, or by saving
them in an electronic file. The user may provide the values based on suspicion or
knowledge that the first value causes a scan chain to exhibit hold time fault behavior
and the second value does not; or, the user may provide the values based on the first

value being a “target value” (or within a normal operating range of the environmental
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604 may be sequentially repeated for values of the environmental variable which begin
higher than a target value and then decrease. In either case, the values of the
environmental variable for which the steps ini block 604 are repeated may be
determined by stepping (or sweeping) the value of the environmental variable in
accord with a step size. The step size can be selected to provide sufficient resolution
for determining whether the first and second values exist. Alternately, the values of
the environmental variable may be chosen at random, or based on knowledge of what
values may work.
[0061] Preferably, the steps within block 604 of method 600 are repeated more

than once for each value of the environmental variable, to ensure that results are
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| east one location of a difference
(at block 906). The scan chain is then clocked at least once at the first value of the

environmental variable (at block 908). Subsequently, the environmental variable is
returned to the second value, and the particular scan pattern is shifted out of the scan
chain while the environmental variable remains at the second value (at block 910). On
a per-bit basis, each particular scan pattern that is shifted out of the scan chain is
compared to an expected scan pattern, to identify at least one location of a difference
in bits (at block 912). Each time a difference in bits is identified, a new location of a
possible hold time fault is identified based on the difference (at block 914).

[0065] Because the method 900 shifts data out of the scan chain at a safe value of
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can be configured to ensure that each scan cell in a
scan chain experiences a logic zero-to-one (0-1),

| ogi c one]&mdanﬁﬁ&i 1), obagdbia one-to-zero (1-0) and

| ogi c zergﬁto z O 0) #_@ﬁSItion when t he scan
chain is cPHERE agf the PiPEt val ue of the

envi ronnental variable. In one enbodinent, this is

I LTATEEN ARG W A e
and t besrs, the method 900 can be configured to ensure that each scan cell in a scan chain
| experiences a logic zero-to-one (0-1), logic one-to-one (1-1), logic one-to-zero (1-0)
and logic zero-to-zero (0-0) transition when the scan chain is clocked at the first value
of the environmental variable. In one embodiment, this is accomplished by shifting
different phases of the repeating 00110011 pattern through the scan chain, and then
for each phase pattern, clocking the scan chain only once at the first value of the

environmental variable. More specifically, the different phases are:

First phase: 00110011 (i.e., hexadecimal 3’s)
Second phase: 01100110 (i.e., hexadecimal 6’s)



for each phase pattern, clocking the scan chain only

once at the first value of the environnental variable.
wopmg/ospeti fically, the different phases are: PFCT/EB2008/082088

phase: 00110011 (i.e., hexadecimal 3's) Second phase:

0 11001 10 (i.e., hexadecimal 6's)Third phase:

11001100 (Le., hexadecimal Cs) Fourth phase: 10011001

(i.e., hexadecimal 9's) The néﬁ%ng convention of the

phases, and the order_in which the re applied, is

not i nport %Phaf%oéé?m@ m"t}ﬁ@dﬁ%‘g@g sSxen‘pl ary phase

patt erns, raaéh fHAseEVOM 106N i(Le/, HeLaAiN8isn, the fol [ owi ng

patterns are | oaded and expected: First phase | oaded

pattern: 0011001 1 First phase expected pattern:

01100#zk npefg RshvEiRs 8f heprhed, RatHe@kder inQvhich@hb addbhpsiea anot

phase expected pattern: 11001 10 . Third phase | oaded

pat t ef®oTtaM.001 100 Third phase expected pattern: 1001

100 FRpsdh PBRESHhE W@&eﬁgﬂa@&é QAL 2k @ e Yl scan chain,

phase expected pattern: 0011001 [0070] The above phase

pat t eihpdllayias patemsirergadedangd exneigd ot her patterns can be

used to ensure that each scan cell in a scan chain

experiences a Io?ic zero-to-one (0- 15, | ogi c

one- t 0- ondirgtphasp loafieskpiaterane- t o- Z&H&Y11- 0) and | ogic

zero-to-z = @Hf% ion wh scan chain is

cl ocked a?ﬁ%ﬁ%8?9%§%£va %"of thgﬂéﬂgﬁronnenta

variable. By configuring the nethod 900 to expose a

scan cel | ' .0gi C § ptions, the

nmet hod 905%2ﬁ2%+%gegﬁggkgggtion(g¥§@$balI possi bl e

hol d ti me Seennd phase exppatedduetiernmi nedl109'dgar dl ess of the

polarity of the hold tinme fault(s). [0071] O note,

the length of a repeating pattern should be greater

t han t he Third phase loaded pattern: 11001100
Third phase expected pattern: 1001100
Fourth phase loaded pattern: 10011001
Fourth phase expected pattern: 0011001

[0070] The above phase patterns are exemplary ornly, and other patterns can be
used to ensure that each scan cell in a scan chain experiences a logic zero-to-one (0-
1), logic one-to-one (1-1), logic one-to-zero (1-0) and logic zero-to-zero (0-0)
transition when the scan chain is clocked at the first value of the environmental
variable. By configuring the method 900 to expose a scan cell to all possible logic
transitions, the method 900 enables the location(s) of all possible hold time faults to
be determined, regardless of the polarity of the hold time fault(s).

[0071] Of note, the length of a repeating pattern should be greater than the
number of possible hold time faults in a scan chain, to prevent copies of a repeating

pattern from collapsing on themselves.
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parti TS fromad
applied to scan chains having even or odd parity. When any of these methods is

applied to a scan chain having odd parity, the method 400, 500, 600, 700, 800 or 900
may account for patfern inversion when determining whether a paxﬁcular pattern is
output from a scan chain.

[0076]) As previously discussed, the methods 400, 500, 600, 700, 800, 900
disclosed herein enable the numbers or locations of hold time faults in a scan chain to
be determined. Often, this can help in determining the type or location of defects that
may exist in a DUT’s clock distribution system.

[0077] Depending on their implementation, the methods 400, 500, 600, 700, 800,

900 can provide various advantages. For example, the methods can be implemented
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The nmetddothsr fiificatibdiblat 2606, chaif) Brordfif edstd 900 di scl osed
herei r6008 y b%‘he methods 400, 500, 600, 700, 800 and 900 disclosed herein may be
implemented in various ways, and in some embodiments may be implemented
primarily by software or firmware, which software or firmware may include
instructions that, when executed by a computer or test system, cause a sequence of
scan patterns to be aﬁplied to, and read from, the scan input(s) and scan output(s) of
one or more scan chains. The software or ﬁnﬁware may also include instructions that
control other variables of scan testing, such as the value of scan enable (SE) and scan
clock (CK) inputs, as well as the value(s) of one or more environmental variables for
the scan chain(s). The software or firmware may be stored on computer-readable

media. The computer-readable media may include, for example, any number or

mixture of fixed or removable media (such as one or more fixed disks, random access -
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i mredi ately displayed in a textual or graphical fornat
For exanpl e, the



nunber or | ocations of faults could be displayed

textually, or the locations of faults could be napped
wao eoodiospbayed i nages of affected scan cel | s. WHAIT/US2008/082088

CLAIMED IS: 1. A nethod for analyzing a scan chain of

a device under test, conprising: setting an

envi ronnental variable of the scan chain to a first

val ue, and then shifting a nor?¥onst ant sequence

pattern through the scan chain to determ ne whether an

unex pBEATIS dggMEDJdt tern is output fromthe scan

chain; setting the environnental variable to a second

val ue, and then shifting the nonconstant sequence

pattebn t HrBehef ohalyzngy whmshainoda device updentesinFRSIPRBIRE:

the nonconghant, AGAKARES vRBbieSF thelsSin QHi¥h £tk 04 BEI then

scan chain at” an expected tine;, and at |east when the

scan giftinge tratdanstant ssaeepestpattern thipeshskescadhiip tpyletermine whether

patte j Virk:onment al

vari a Ipén,@%pae%tgﬁo%lg atgﬁe?ﬁgé ?{%p L%Erto %Etﬁetg edhfgllg’n- const ant

sequence peitingthe eryironnivatabasaneitosseesad walue; #nd then shifting the non-

envir t | h gt her the non-
ot or MR Bl bl AR Shout b Wen SRR Y BMhabie Mhether e pon
t he scamstaghejuanch agteth ipputpus $iemtthe gvhn ghaihjat antexpreted dimepdnd
scan tests | N al I
conpri si nga,vE 16\%\?1 g?};giefﬁé;&é{:@%ngﬁtgﬁ)ln bot%niu?é%%%g LE(t)%gleapr'i1 tem &t
unex pthe fiest vahegg e eparotmeental adriablaeand i) f8its ty abtpg thyfnontvenstant
envir s?en%@ ?altter\{l%{ l!hgpelcgnd v%@g of ‘Jhg &#h&ﬁ&&l \Fag le, ‘ithe expected
non- cost an sequence pattern af e second val ue 31‘6
t he etimeé, rdetemenitgd nuvder cpbssibledipldttive faitp@chesdart ¢hamw based on
deterninjn ocatiQn. o t | east one possible hold
tinme fegﬁ#stog?ﬁrsltrﬁlgl elanc egﬁg‘n based on results of a
second nunber of scan tests, wherein the second nunber
of scan tests ar r.for usina. the fi.r nd
val ueg‘ of eﬁﬁgle%ﬁgffcgaﬁnﬁgh Al var ab ’eﬁeg%he%él%ﬁ%% %’g@sof
cl ai mputwhreuneipectelbtogglapatiemapt thadirdt vahat df te enfiroatentd aarable,
one possible hgld tine fault in the scan chain
conpr f‘%dség :Omgﬁtfgie PR Coaptart SEupncy gge%%ﬁheﬁgctofl Q‘far%uel %S the
scan bifiny aialhle) @t ROSKPED tervndui, atiorsofseleast one
edvarbiimantl 1. ) ipead¢intizng, d¢ igabbetiorsofaele

the s Sgsgiglcej hglg ltirl“rlx% Fault in the scan chain based on results of a second number of scan

tests, wherein the second number of scan tests are performed using the first and

second values of the environmental variable.

3.  The method of claim 2, wherein determining the location of at least one
possible. hold time fault in the scan chain comprises:

shifting at least one scan pattern into the scan chain while the environmental
variable is set to the second value;

for each of the at least one scan pattern shifted into the scan chain, and after
shifting a particular scan pattern into the scan chain,

temporarily setting the environmental variable to the first value; and



for each of the at |east one scan pattern shifted into
the scan chain, and after shifting a particul ar scan
wQ@aiwesnoTi nto the scan chain, tenporarily settPerUS1ves/082088
environmental variable to the first value; andthen
cl ocking the scan chain at | east once; and then
shifting the particular scan pattern out of the scan
chain while the environmental -%hriable is set to the
second value; on a per-bit basis, conparing each
parti cul arthgcan pattern shifted out of the scan chain
to an expected . e ' t.i t | east one
| ocation of a 8@?‘%@%@“ {h%nglhtgassjf gggf(fh%}eﬁtelgr m ni ng,
based on the ashifiegthe potela seapitem of of hescdn fHamvene the
in bits, the .00, of. t Qne possi bl e
hot d e Porr RN BRbR &8 il seeiBihngne POSD B O
claim3, wnermer-hit bdisfdoinpging kach @arsituloeanyetiem paftadennof the

into the scan chai when. . determni ng the | ocation
| bt e sh Bk RGPy Rl et SR R ol

chai njntitggpd i ses: shifting a plurality of scan
patterns into the.scan ¢hajn, th Lur l.ity.-of scan
pat tor ns. PR EdGTaRe B8 Pispotloi  leclpdg i oo
scan ektion®f thx peleisesne @owibledold vigie davlten the k@n oldn. | 0gi C
one-to-one, |logic one-to-zero and | ogic zero-to-zero
transition when the scan chain is clocked at the first

val ue4of ttie nsmodootiamnt aheratmshifily @ leatthoas &by patealihto Hg scan
the | ocation( of . all possihle hold ti faul t Q pe
ot er A 0o SpamiineLe BREoR G sk P o SR e B
faul t ¢@h chdln, cdhigiseset hod of claim4, wherein the
plurality of . .scan patterns conprise patterns of .
repeating ‘frﬁ’é’f ofgeag ,pa%e'”ég,mte:%ﬁ Sgar?cfkgn%}.‘e Pg".‘rah%%fscan
met hogat@nsthahdReuendtd 61 tits thatdn@GK k42l sdah elBCakPerlehai off a &igic
| east once consjsts of él Qcki ng t he (ican chain only. .
once. FO-trREE, IERBICEmedPEs THETO-2FAAIHIES AP Hestion
when tiaen e adan el iflclRtdat ke first value of the environmental variable, thereby
enabling the location(s) of all possible hold time faults to be determined, regardless of

polarity of the hold time fault(s).

5. The method of claim 4, wherein the plurality of scan patterns comprise

patterns of repeating hexadecimal 3’s, 6’s, C’s and 9’s.

6. The method of claim 3, wherein clocking the scan chain at least once consists

of clocking the scan chain only once.

7. The method of claim 1, further comprising, when the scan chain both i)
outputs an unexpected toggle pattern at the first value of the environmental variable,
and ii) outputs the non-constant sequence pattern at the second value of the

environmental variable, determining a possible number of hold time faults in the scan



out puts an unexpected toggle pattern at the first
val ue of the environnental variable, and ) outputs the
w908t ant sequence pattern at the second vECTIESIINS/082088
the environnental variable, determ ning a possible
nunber of hold time faults in the scanchai n based on
results of a first nunber of scan tests. 8. The nethod
of claim1, further conprisings-after shifting the
non- const ant sequence pattern through the scan chain
at t hehainfoagsed on veapliseof o first nmberpfpeaniestent al vari able, i)
identifying the scan chain as "good" when an expected
pattern is output fromthe scan chain, and ii)
i dent8.f yi e tmathog ofulpirg AAfimtheasontpfising, afterrsbifiingwieanon-gonstant
flat-]| trern | . '
The. rick ey b8 oteh e spithach AR A6 B U et
set t i vagatild) @ idemiifying nirespanahaiv &r“gedul’ evheroan dxpecssd pefiain isabipat
when the.scan chain, output.s an ected .t I .
ot e B SPH h ly DR PR BRSSO G e
var i agslttern id@utpuf remvet saocthaf. cl-ai m 1, further
conprising, receiving the first and second val ues of
the environnental value froma user. 11. The nethod of
claim.l, flhetdethod ofaigim Bsimnigr cangheisitg, foydy mertitdmbe srerirommgkntal
b ur aTEge GRSt VbR Fon ferar Vierrant i Pevem
shi f t itrig firhiealne otibaaianimesialyagablze patt ern t hrough t he
scan chain to determ ne whet her the nonconstant
sequence pattern is output fromthe scan chain at an
expecteed tlhewicthad df dl4ien} fufiher bnprikieg, seemhg thedlrit @nddecdnde
envi ro?msgr{ ﬁnl vari abl aﬁls one of the plurality of
val ue¥eh gk the eysenmenialvafis fORBIST ant sequence pattern

to be output fromthe scan chain at the expected tine.

12. The hod .of ¢l ai .. wherein the.first value.is.,
o o e RS pEcidn T el Ao Ase (4FGthG e srenhi el o te
var i aglveodn@htal Nigiai€®N chain, and wherein the second

val ue is qutside a _nQrmal .operating ran of the...
envir onrrerf?%ﬂac}\/‘graipg’é??@ Bﬂu‘g I‘?ét%%frlﬁ’ o e&?ai?’a“f\bslehﬁ“’f‘% the non-
et hoghnQbint GéqkedBe battatdi@roRpHhel @heEhHintb BGertdie Whdtioethe adn-

hold tinme faults in | _ .
constant sequence pattern is output from the scan chain at an expected time; and

identifying the second value of the environmental variable as one of the
plurality of values that causes the non-constant sequence pattern to be output from the

scan chain at the expected time.

12.  The method of claim 1, wherein the first value is within a normal operating
range of the environmental variable for the scan chain, and wherein the second value is

outside a normal operating range of the environmental variable for the scan chain.

13.  The method of ¢tlaim 1, wherein determining the number of hold time faults in

the scan chain comprises:



the scan chain conprises:setting the environnental
variable to the first value; and then shifting through
Wo b@9ssen7 chai n a background pattern of at | eaBCT/HS2008/082088

contiguous bits of a first logic state, followed by at

| east one bit of a second logic state; and determ ning
the nunber of possible hold tine faults in the scan

chain as a difference between ?6; a clock cycle when

the at |l east one bit is expected to cause a transition

at an out jseftingrhe eqysoneeatel varahlgito thefistyalue: arbidga cycl e

when the %ﬁlﬂingmugﬁ% sedrt chﬁﬁ&h‘éékérbfun@%h‘t@e@§opat iea@%bﬁdge&s
at the oug\ﬁét of the scan chain. 14.

cl ai nbits of gt legin stefiet fellgvredibn gt leasiconp blﬁﬁ%arse@ﬂmd tlﬂﬂlcoFtatt% Al
faul'ts in a0 ﬁ%ep oER09Mid IR RStme ¥R s kel e § chain as

envi ronnmental variable to'the first value; and then

shi f t diffeyench beswregm i} heloakcule wheaithe ahleps precitris efpegted thiceuse a

of a fifsh, Liog9bG 1§tto‘?¥ rscdnQh éP‘QﬁﬂRQXIOgl@ fefetv&eﬁfh @tleast one bit
second ogi c sta Fo Fir

| ogi cactualiy @useﬂh@ﬁ@ﬂmnlasthc h@pu’mﬁﬂbem@@ha@c an ceI l's | n

the scan chain; and determ ning a nunber of rising

edge hold time faults, and a nunber of falling edge _
hol d t4.nme Thawlethed ofalaindilf Weereindetesmiping Ve enmber ofhald wokfaults in
cycle n ive edge is expected to be output
from ¢ e%lslg%rl{m? S&e‘s and ) a clock cycle when the
respect | Vv esetengtée msnrammmﬂ Vayiatdertopig firft velne; hdther an

chai n. t ' can
chai n has Slé%cr{lg th”gu&' 31,% | cgl!??na ngtt]em Oﬁgﬂ;lﬁs@?a?s&}a%{as‘%ﬁé’r ar
pat t efollowel bwh ;bmi offarsecmnd tuglcstaarfo}idmﬁ iy © bitpoefitseist logic state,
accoUn i n r ern [ | he net hod of

clai m’ wﬁgrt Tk P“{% Ot &HVCF c‘?nrrtg?ﬁcarf Ch\"}lg‘rangbl eis a supply
vol t age. ]dEtenﬂihleg amtnlﬂmd ofxfsing kddetmld timefrmttgiand 4 menber of falling

enviro ari abl
met hoa‘{]ggsnl(&, ?lglleﬁﬁ S, amg‘?rgnclga?e%wee \a/t cltrocoz L clﬁ : gj]en g %S‘ ec \ie edge is
IS a sgattedbibe bu’opht@fﬂm thaean dffin, Zhd iipd todk cfde thrahglmsmglve :

a scan, chai n of und . test, conprising:
setti A Wc%lﬁlg'qugnﬁ‘ﬂgﬁ?gtfesc “f4bl e of the scan chain to

a first value, and then

15. The method of claim 1, wherein, if the scan chain has odd parity, determining
whether a particular pattern is output from the scan chain comprises accounting for

pattern inversion.
16.  The method of claim 1, wherein the environmental variable is a supply voltage.
17. The method of claim 1, wherein the environmental variable is a temperature.

18.  The method of claim 1, wherein the environmental variable is a scan shift clock

rate.



shifting a non-constant sequence pattern through the
scan chain to determ ne whether an unexpected toggle
wWQ@atwesnoT s out put fromthe scan chain; setti nBCT/82008/082088
envi ronnental variable to a second val ue, and then
shifting the nonconstant sequence pattern through the
scan chain to determ ne whether the nonconstant
sequence pattern is output froRi-the scan chain at an
expected tinme; and when the scan chain both i) outputs
an unéXpeck @dhmd)@gmlypag ¢ ecam chain of b device msder igst] eampofinghe
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devi Cealwsdete eh\é&hmenzﬂ Riable] ang ii) &E]blits th@noarvonstant sequence pattern

enviro ntal. variable of the sc ain t val ue

bel | eentg‘133 e‘éonégﬂ‘éeeoé HET e %’Fét EE%irtllhe egg‘csi ?a 5 Aeﬁ”glmﬁ Hea
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| east tieMfiest Bidtsedhd dahses 6DMhE edvixgintentil @kighle. where n is a

| ength of the scan chain; and determ ning the nunber

of possible hold tinme faults in the scan chain as a

di f f epencernsalewee bf dlgima o ChiRedin By edviRonmeatal valisblais a bpalt

one bit is expected to cause a transition at an out put
of th&8&n chain, and ii) a clock cycle when the at

| east one bit act uaI |y causes a transition at the

out put._of the_scan_chain Th
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setting an environmental variable of the scan chain to a value believed to cause

a hold time fault in the scan chain; and then

shifting a pattern through the scan chain, the pattern having a background
pattern of at least » contiguous bits of a first logic state, followed by at least one bit of
a second logic state, where » is a length of the scan chain; and

determining the number of possible hold time faults in the scan chain as a
difference between i) a clock cycle when the at least one bit is expected to cause a
transition at an output of the scan chain, and ii) a clock cycle when the at least one bit

actually causes a transition at the output of the scan chain.

22.  The method of claim 21, wherein:



state, followed by 2n bits of the second |ogic state,

followed by n bits of the first |ogic state; and
waledoesd2ni ng t he nunber of hold time faults i nPETESHO#OB2088

chain conprises determ ning a nunber of rising edge

hold tine faults, and a nunber of falling edge hold

time faults, as differences between i) a clock cycle

when a respective edge is expe¢ted to be output from

the scan chain, and ii) a clock cycle when the

respect i veheppgemistified hngueh the sam phain cpmpmses Hebits efithe first logic

chai Nga 3110 Bfe@ b8 61@ @ft‘BE séebid 1@13 atatevmma By 4 ﬁ% of he first ogic

envi ronnental variable is a supply voltage. :

met hosfattomddet er mi ni ng a | ocati on of at Ieast one

possi bl e holdiih e hitkHet omfaldqnﬁec@lntsmé &a@éhaﬁs cgﬁi!ﬁs\%?

under test, conp SI ng: alternately set

envi r detensvrtingia opaber abfignestiss heid @Cﬁfwl@h@ﬂﬁ ntn@bq Of falling edge

val ue
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secon dxwabcufe bp ellltplé\fr@dl theptcan ehaivawnd é) aclbeb] calcle when thewigspective

inth : i | east one scan pattern

into ?(ﬁg% scan ch i%éﬁflﬁteg&tgﬁgéenw ronnental variable

IS set to the second value; for each scan pattern

shift

parti g%l a?fhée (r:néeﬁl%d g)fc?ﬂn 9{]%htgremtqﬁgen@frsn%{entﬁlmail&bllé}g a leply

t enpovwaltagt.y setting the environnental variable to the

first value; and then clocking the scan chain at | east

once; and then shifting the particular scan pattern

out oR4thea s:ethmd ohdatanmintng ladodation davkasoonepnisile holirtingtfhudt in

| S Setaségc e rsacond ateléltebon?r}lm per-bit basis,
conpari r?g eac(h particul ar’sc 5ttern shifted out of

t he scan cdirannately eetténg ag xxmroﬂ:edat% &arablp af thescay chiain to a first value
| dent | f(%/ a seoond %ﬁue th Bt va?ue%efleved t% cae 2 lhglﬁ G BGF in the scan chain,
and the second value believed not to cause a hold time fault in the scan chain;
shifting at least one scan pattern into the scan chain while the environmental
variable is set to the second value;
for each scan pattern shifted into the scan chain, and after shifting a particular
scan pattern into the scan chain,
temporarily setting the environmental variable to the first value; and
then
clocking the scan chain at least once; and then
shifting the particular scan pattern out of the scan chain while the
environmental variable is set to the second value;
on a per-bit basis, comparing each particular scan pattern shifted out of the
scarl chain to an expected scan pattern, to identify at least one location of a difference
in bits; and

determining, based on the at least one location of the difference in bits, a



in bits; and determ ning, based on the at |east one

| ocation of the difference in bits, alocation of the
w@tobmesed7 one possible hold tinme fault in the BCHNS2008/082088

chain. 25. The nmethod of claim 24, wherein shifting at

| east one scan pattern into the scan chain conprises:

shifting a plurality of scan patterns into the scan

chain, the plurality of scan pa%terns having sequences

of bits'that ensure each scan cell's experience of a

| ogi clozetiap-of the@hleast dng@pwiblsheldttionedavdt in the géas claaire- t 0- zer o

and | ogic zero-to-zero transition when the scan chain

is clocked at the first value of the environnental

vari abf.e, Theenatipg ofelain|2# rghetemeshifiongat leash Owe) scof pattkrn into the

ossible hold ti.ne faults to be determ ned, regardless

gf po %aPi"{D%}“%"fin%g' hold time fault(s). 26. Thegrret hod

of cl ai m 2dhjftingreephedlity ¢flvean phitarsslintd yhegtansban tipatléraitnef scan
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suppl gnabtd tagecation(s) of all possible hold time faults to be determined, regardless of

polarity of the hold time fault(s).

26.  The method of claim 25, wherein the plurality of scan patterns comprise

patterns of repeating hexadecimal 3's, 6’s, C’s and 9’s.

27.  The method of claim 24, wherein clocking the scan chain at least once consists

of clocking the scan chain only once.

28.  The method of claim 24, wherein the environmental variable is a supply

voltage.



