Pl PELI NED SCAN STRUCTURES FOR TESTI NG EMBEDDED CORES 5 Background 1.
Technical Field The present invention relates to integrated circuit
testing, and nore to particularly, to scan testing of integrated circuits.
2. Description of Related Art During design of an integrated circuit, the
design (typically a software 15 nodel ed design) is extensively tested for
proper functioning. The testing at this stage of devel opnent is known as

design verification t pqPFRINND STAN STRUCGTERES FORt designs are

t horoughly tested during ! integrated circuits
are fabricated, they rrust’hE@ W@B@Q@D@f‘ggﬁ@s manuf act uri ng defects
~as well as for operation and functionality. 20 Referring to Figure 1, one
popul ar nmethod for providing individual testing is referred to as "scan
testing” in which test data (e.g., input test data vector 110a; out put
test dasta Bstkgrowmgh) is shifted through serially connected.registers 102a
(e.g., input-side registers 102a(1-3); output-side registers 102a(4-6)) on
the input 25 side _and .o tFp#t-si de of a logic 104a under test within an

i ntegrated circdi tregypcal Figldyt - si de registers 102a(1-3) are connected in
series to forma shift register knowmn as a scan chain 10la, which is
connected to access ports 106a(l-2) via interconnects 108a(1-4).
Sinmilarly, outpThesprsentegivenitoms rélaRa( % Ghtefoteth airovihetestirganatshaiaie101b,
which is connecied to access g@rtsa%%g$&§:4) via interconnects 108a(l 1-14).
After 38 i RpUCHErlyeroseyt CPMEOIBBERICHISIY | oaded with input test data via
access port 106al and interconnects 108a(1-3), the input test data is
applied to logic 104a via interconnects 108a(5-7) in generating
correspondi ng odt fescripiom afdtedatedich is captured in output-side registers
102a(4-6) via interconnects 108a(8-10). This output test data (e.qg.,

out put test data vector 112a) is then serially shifted out via 1 access
port 106a4 and imirBigCAEMNEBLC oS ahOftdetaed 4lrchiit Otheoutdigtt (Spitally egissiresrs 102a( 4-

6) for observation. .. : .
15 modeled design) is extensively tested for proper functioning. The testing at this
stage of development is known as design verification testing. Although integrated
circuit designs are thoroughly tested during the design phase, once the integrated
circuits are fabricated, they must be individually tested for manufacturing defects as
well as for operation and functionality. |
20
Referring to Figure 1, one popular method for providing individual testing is
referred to as “scan testing” in which test data (e.g., input test data vector 110a;
output test data vector 112a) is shifted through serially connected registers 102a
(e.g., input-side registers 102a(1-3); output-side registers 102a(4-6)) on the input-
25 side and output-side of a logic 104a under test within an integrated circuit 100.
Input-side registers 102a(1-3) are connected in series to form a shift register known
as a scan chain 101a, which is connected to access ports 106a(1-2) via interconnects
108a(1-4). Similarly, output-side registers 102a(4-6) form another scan chain 101b,
which is connected to access ports 106a(3-4) via interconnects 108a(11-14). After
30  input-side registers 102a(1-3) are loaded with input test data via access port 106al
and interconnects 108a(1-3), the input test data is applied to logic 104a via
interconnects 108a(5-7) in generating corresponding output test data, which is
captured in output-side registers 102a(4-6) via interconnects 108a(8-10). This
~output test data (e.g., output test data vector 112a) is then serially shifted out via

1




The speed at which scan testing can be perfornmed generally depends on how
5 quickly input test data is applied to the logic and how quickly

correspondi ng out put test data fromthe logic is received for observation.
For exanple, referring again to Figure 1, three clock cycles are required

to load the three 1-bit input-side registers. 102 - Wi.t h -hit input
test data PECSE pori,JfB{?af) %ndAﬁtea%mﬁ-ta&ﬁga(i%-ﬁ@kﬁ%a“@%é@e F&%ﬂ?ﬁf'g’éﬁ?@r

appl yi ng t psdraBitrvitat data frominput-side registers 102a(1-3) to logic
10 104a and for output-side registers 102a(4-6) to receive a correspondi ng

3-bit output test data (e.g., 0,0,1) fromlogic 104a. Then, three cl ock
cycles are further ui r for shifti outgﬁlt tes (%Vfrom
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out put accesssdgané.g., Dd) 1)t fesrh Iggic 1042 sThdrp threx allopk eyclesearb daithed réxjuaredts wi t h
tight tim gi ns y only be accessed through sc 5. their input
and out put McEbge gt e oxfeht et Shriba sy oue TORUFS ARG Rl PEG: 8t or 5.

Si nce scan 1841 Berd AV ¥RIestars Bdu dqu%iﬁlgg;tﬂé’hﬁ]ﬁﬁ &R ahratvesior daihe vector

is shifted in only after” the previous test ta vector is shifted out for
obser vat i olggis ewthfarasteivigg thei eoerespondingeutprutttedd diorvecioe ser abppatiost. M| ocks or

cores. .30 Thus, .there is a peed for techni gues and chani sns_t can
pr ovd3t ndte Biice o, igirdhn RERGr, s e afo e B e R Rl s
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Summary The present invention relates to inproved scan testing_ techni ques
and mechar¢esiEng thevgeneppanding epet tegf daipeedtercigr pbsestaion ol &ich 898hn an

I ntegrated t&‘)'tlflg Uil be a very time consuming process, especially as the number of input-side

or outpuf-side registers of a scan chain is increased.
20
In a system on a chip (SOC) or system on a programmable chip (SOPC),
there may be multiple blocks of logic or embedded cores that can only be accessed
through scan at their input and output access ports for test purposes. For example,
embedded blocks with tight timing margins may only be accessed through scan at
25  their input and output access ports and not immediately at their internal registers.
Since scan testing involves a serial operation where each test data vector is shifted
in only after the previous test data vector is shifted out for observation, scan testing

time is exacerbated for these types of blocks or cores.

30 Thus, there is a need for techniques and mechanisms that can improve the
speed at which scan testing of manufactured integrated circuits can be implemented,

thereby improving the scan testing time.




5 The invention may be inplenented i n numerous ways. For exanple, in SOPC
designs, pipelines are easily built in the progranmabl e |ogic device (PLD)
| ogic by configuring programmbl e interconnects to connect registers in a
pi pel i ned manner so that test data can be pipelined to scan the logic
under test. In SOC designs, a smart test generator-analyzer is configured
to recursi YUMMAXYr act pipeline 10 information from a design so that test
data can be pipelined to scan the |ogi-c under test. In vari ous cases, test

data is pipelin u5|n eXIS C | | ns. In
addition, the p?g% é’ﬁ?se hVent | 18159;;: {aFat {é)s ?Tﬁmé{e(? &ur e a a y5| @Eb(s F%?d
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t he pr eseninformetionifom prdsvigdee that tesmﬂetgrcanbd p@pdm@d t0 $€amﬂitﬁ310glcdgidéf i or scan

testing. Tel rated circ i.ncl udes. a.l ogi.c..under a
nultiple i ﬂb?f%&’"éﬁ&%uf% gat§|1%81p§gjé‘f‘li Wing stu%gmﬁﬂ?qaﬁé? glal\ra:%/lu% si de
scan chai ngcm@hging_perabl e to receive input test data in parallel as well as

to make available the 30 input test data for applying to the |ogic under
test. The nultiple output-side scan chains are operable to receive output

d f he. |.0qi |
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an integraggagd.§iSHirtre.

In one aspect, the present invention provides a method for scan testing logic
20  within an integrated circuit. Input test data is shifted in parallel into multiple input-
side scan chains. The input test data is applied from the multiple input-side scan
chains to a logic under test. The output test data from the logic under test is
captured in multiple output-side scan chains and shifted out in parallel. At least two
of the input-side and output-side scan chains are on different levels of a pipeline.
25
In another aspect, the present invention provides an integrated circuit having
logic for scan testing. The integrated circuit includes a logic under test as well as
multiple input-side and output-side scan chains. The multiple input-side scan chains
are operable to receive input test data in parallel as well as to make available the
30  input test data for applying to the logic under test. The multiple output-side scan
chains are operable to receive output test data from the logic under test and to make
available the output test data for observation from the output-side scan chains in
parallel. At least two input-side and output-side scan chains are on different levels

of a pipeline.




smart test generator-analyzer, a mapping, a failing output test data
vector, and an 5 input test data vector. The integrated circuit includes a
| ogic under test, nultiple input-side scan chains, and rmultiple

out put -si de scan chains. The smart test generator-analyzer produces the
mappi ng of pipeline information between the nultiple input-side and

out put - si de scan chains. Based on the mapping, the input test data vector
at an input-sidg; $e@Endtid Rp6d IRSHENAS idventibie ptiiddsng spiéi Ubr ke data 10
vector at an output-side scan chain. The input test data vector j|s
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times. The present invention recognizes that the redugtion in t nunber of
scan oper 55t 6413 Vedipr &iaginpyts SF%"WWP‘M&%Q}? ﬁﬂgg’ﬁiqﬁ'ﬂ’%f%};&aﬁlthough
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is particularly usefu or scan testing conplex designs. 25 These and
ot her f eat faibse antlc advgntedgasuibf t he present invention will be presented
in nore detail in the follow ng specification of the invention and the
acconpanyi ng figures, which illustrate by way of exanple the principles of

the invention. scBdighy, 88 ?fésa{tiiﬁfbanm chie pRvad Masy Bhgfitd)VER pREeniRy best
be understood by reference to the following description taken in

conj unct i ofnvention tdae kvoeap il icaistiog abetpnal dpgie and seast chaies, Berhkci fic
erboct o0 g5 P 5N 0 UERRALT A, B el 4 59, Aoy o
manuf act ur egiucakeay tadthg thnd dépehdinpah thedeaie () surhissr of davels or stages) of
the pipeline built. For example, if a pipeline of depth 5 is built, then 5 separate
input/output scan vectors can be merged to a single equivalent input/output scan
vector, thereby cutting down test application time by a factor of approximately five
20  times. The present invention recognizes that the reduction in the number of scan
operations can significantly cut down on scan testing time. Although the present
invention may be implemented for scan testing any design, it is particularly usefui

for scan testing complex designs.

25 These and other features and advantages of the present invention will be
presented in more detail in the following specification of the invention and the
accompanying figures, which illustrate by way of example the principles of the

invention.




10 testing logic according to various enbodi nents of the present invention.

Figure 3 illustrates an integrated circuit that is operable for scan
testing logic wusing test data pipelining in accordance with a first
enbodi ment of the present invention. Figure 4 illustrates an integrated

"circuit that is operable for scan testing logic 15 using test data

pi pelining in accordance with a second enbodi ment of the present

i nvent i on. Briefubeseriptionset thePrawingsegrated circuit that is operable for
scan testing logic wusing test data pipelining in accordance with a third
enbodi ment of the present invention. 20 Figure 6 is a flow di agram for
scan testing | ofhe ihventioBOBagebisyrhe uRdgstoed 7y sefarehbﬁ)\/tOdih&gfcéwl@ﬁ scan
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enbodi nent @&fﬁcté%daqrﬁgrﬁglbfth@bﬁ‘é%bﬂﬂﬂvenﬁbﬂUI’e 9 illustrates an integrated
circuit that includes pipeline information 25 for extraction according to
various embodi ments of the present invention. Figure 10 is a flow diagram
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Specific E i ment s Reference wll now be nade in detail to sone specific
enbodi ments of the invention including the best nodes contemtzl ated by the
&
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spirit and; \éﬁt(ﬁf()pe of the invention as defined by the appended cl ai ns.
However, it should be noted that the techniques of the present invention
can be appl i edFigurad Vifusiretey anfintegrpied cutuitithal seperable fohscandéstingilegic
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invention.

Figure 5 illustrates an integrated circuit that is operable for scan testing logic
using test data pipelining in accordance with a third embodiment of the present
invention.

20 Figure 6 is a flow diagram for scan testing logic in a SOC design.

Figure 7 is a flow diagram for scan testing logic in a SOPC design.

Figure 8 illustrates an integrated circuit that includes pipeline information
for extraction according to various embodiments of the present invention.

Figure 9 illustrates an integrated circuit that includes pipeline information

25  for extraction according to various embodiments of the present invention.

Figure 10 is a flow diagram showing a technique for implementing a system

on an electronic device.

Figure 11 is a block diagram of a computer system.




15 present invention. The present invention may be practiced w thout sone
or all of these specific details. In other instances, well known process

operations have not been described in detail in order not to unnecessarily
obscure the present invention. Furthernore, techniques and nechani snms of
the present invention will sonetines be described in singular formfor

clarity. However, it should be noted that some 20 enbodi ments can include
mul ti pl e | DetailedPeseriptioacofdpeeific Embedimments nst anti ati ons of a
mechani sm unl ess noted ot herwi se. Overview 25 The present invention is

appl i cabl e to Sg%gésl?ﬁc%a\iﬁi’gltz?&& AL Sthat Bfl gll%!ailsco sSJﬁE%sQéEiﬁi: ’%In%%i?ﬁe%% G dhgul t S

(e.g., ASIGCs, A progranma I'ntegra circuits. nt egr at ed
circuits t latentioy ilrduding grecvestinbdesoyontentplated hgrthe inventodu fe cangingtani  desi gn

for that customer .include progra bl e ] ogi c, devices (P .. ,Programmabl e
| ogi ¢ dévi e¥s Tpveptpn ogwqmoég %PeEPeEﬁCcE‘PPO‘ﬁH’&P‘Snﬁé? ﬁ@?%?%rlanﬂsd 30 to
performa %&Jn’iﬁﬂyi‘n%’lﬁédvﬂ?%aﬁﬂﬁlb@&é 1496t RINQO HARABL B d Mflinktioh HAKThdsBLAS)

programuabl e array [fogic AL), field programmabl e gate arrays (FPGA),
conpl ex pipepifencaiblodinhangs, dt akalli teesnde@ibdth that dhds aotvindendedr ioelimitothe ot her

| ogic and .nmenpry devices. t be programmed. Of.ten, such PLDs are
desi gned and’ e@ﬁé@%&“‘[ﬁ g“ﬁ%ﬁﬁ"ﬁ?lts'er%? #Ee?""gfélﬂhd% é?nméqnég(?lt%ﬁ?‘(’:erdesi gn
aut omat i on ahehtivdIamodifRk®sns! BRI dREVAIGHs & B b¥RIcRidRAKAEE thel Pirfi@ador  SOPC
designs, there are generally nmultiple blocks of logic (e.g., 5 enbedded

cor es) 1Phatscengroidhe pvedioacs dsfinal nthe appendediplainesst i ng at their access ports
(e.g., input and output ports). An exanple is an enbedded nenory. Anot her
exanple i s an enbedded block with a tight timng margin that does not allow

its internal reWvaiver,st ulibestaantd: thocehniq@ss bNGeigerns@drbiitlonapaar at i on
and is usually the nost exPensi ve part of testing integrated circuits.
Reduci ng t 7€ apphgskio piarsgypl typgs ehdevigssods thafelloping deScHREIY BMEIFSwn on

scan testi - § ' it i ' n‘"@régy' A6 d oved
scan testi Ege&%ﬁﬁtﬁﬁg%@({s%%hﬁgh&;ﬁ?@g n‘éﬁ .Sﬁhmn%ﬁ%@t at adnl gl%p? pelined to
scan | dgi c préseht invention. rTlegpretand imiention mayFar practaey | veithduh sGEPOr dsifgns,
pi pel i nes e easi. built in the 15 pro nmabl e | ogi ¢ devic PLD) | ogic
by confi gu%fﬁa sg?cdé%/ detads| dn pthep PE,SEﬂ’i‘ﬁ%e tvgelilaknown proces% operations ﬁa\ge not
been described in detail in order not to unnecessarily obscure the present invention.
Furthermore, techniques and mechanisms of the present invention will sometimes
be described in singular form for clarity. However, it should be noted that some

20 embodiments can include multiple iterations of a technique or multiple

instantiations of a mechanism unless noted otherwise.
Qverview

25 The present invention is applicable to standard integrated circuits, custom
integrated circuits (e.g., ASICs, ASSPs), and programmable integrated circuits.
Integrated circuits that may be programmable by a customer to produce a custom
design for that customer include programmable logic devices (PLDs).
Programmable logic devices refer to any integrated circuit that may be programmed

30 to perform a desired function and include programmable logic arrays (PLAs),
programmable array logic (PAL), field programmable gate arrays (FPGA), complex
programmable logic devices (CPLDs), and a wide variety of other logic and

memory devices that may be programmed. Often, such PLDs are designed and




to connect registers in a pipelined manner so that test data can be

pi pelined to scan the logic under test. In SOC designs, a snmart test
generator-anal yzer is configured to recursively extract pipeline
information froman ASIC so that test data can be pipelined to scan the

| ogic under test. Cenerally, test data is _pipelined using existi 20
funct i onal PIOgEmemehRY Gy desigarengHiseh ¥sing ﬁna‘é&tﬁomn@t%a%?'g%% fs"PL@%ﬁt i on

provi des atakre@{hte%&@?@g .éeéf&ll platform The FA platformis operable to
take as its tnput a failing ect%r as well as a pipelined scan vector and
unroll the pipeline sequence to determ ne which vector caused the failure.

25 Many advant age d fit.s can be realized w.th .the pr&sent invention.
The present i nvghgpgﬂorcgﬁpﬁﬁﬂ% BF Feﬁngfaiﬁ%dn%ﬂﬁetlf%ﬁgloﬁ%l?ge' nd scan
chains, 5 t Bebedied cBldd) MaftdionlPBe hdMRakH thQugh ScatQsdting aAkifed adehi® poresent
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by a factor of approxi matelé five times. _Further, the present invention can
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testin effici.enc A i Hgmﬁﬂﬂ pgure 2 illustrates a
nanufag?urg &ﬁﬁlgé%gfl é?ﬁ%ﬁ??%% t a%ﬁfghg%gggble for 5 scan testing

| ogi ¢ 104a according to various enbodi nents of the present invention. In
addition to the |ogi¢ unde{l test (i.e., logic 104a), i nt(ﬁgrat eq Sﬁj rcuit 200
may include anyROmEELY:ofthe PEsent o grEntem aPRKtes o HBPIRVERT °4%n P 8gr at ed
circuit pgé‘éﬁﬂ% Otins i BRYo S@mhogRPV@HRAL any
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bl ock of cadmbgratetiatisicait. |Rogiezamle, r SQRCatelsigsiqupetimepaye easily buihin thadi vi dual
group or collectiv et. of .graups, of. serial.ly.connected . .regis IS
Peforrdd 1 rosgrmmibiedogicSeufe GO W sennet A PREHoelt BRA TS
one or Nor §, kogett RREESin APipehitdiimated Bo Chiites diAlan béPlpelinddido b are

| ocated 15 on the input-side and output-side of |ogic 104a. Any sc%n chain
on t he i npdhe bigteurgler test. In SOC designs, a smart test generator-analyzer is configure
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to recursively extract pipeline information from an ASIC so that test data can be
pipelined to scan the logic under test. Generally, test data is pipelined using existing
20  functional logic and/or scan chains. In addition, the present invention provides a
faiture analysis (FA) platform. The FA platform is operable to take as its input a
failing vector as well as a pipelined scan vector and unroll the pipeline sequence to

determine which vector caused the failure.

25 Many advantages and benefits can be realized with the present invention.
The present invention can leverage off existing functional logic and scan chains,
thereby, minimizing the impact to die costs. Also, the present invention can
significantly reduce scan testing time depending on the depth (e.g., number of levels
or stages) of the pipeline built. For example, if a pipeline of depth 5 is built, then 5

30  separate scan vectors can be merged to a single equivalent scan {e.g., where the
merged vector shifts through the scan path); thereby, cutting down test application
time by a factor of approximately five times. Further, the present invention can
concurrently load and unload multiple test data vectors to maximize scan testing

efficiency.




|l ogic 104a is generally referred to herein as an input-side scan chain.
Simlarly, any scan chain on the output-side of logic 104a is generally
referred to herein as an output-side scan chain. However, in sone

enbodi ments, only the scan chains in the scan testing path are considered
in making this distinction. Scan chains can be 20 inplenented using any
conventional nechani sm or technique. Every scan chain is typically
associated with a pair of accesg.pPthsinFalh 106a(1-2); 106a(3-4)). In
some instances, the pair of access ports bePongs only to an individual
scan chain. In other instances, the pair of access ports is shared by 25
mul tiple scan cpalns

air ess rt i dat to be
shifted in and '&He% fu“tsﬁ%t%ﬁgﬁmef?ﬁﬁﬁgg tB‘if’&“"Ba@c@&é’E OBSIra fg so
al | ows § esfdafQedinglibbc 1044 a@d%?dlﬂg td Y 8fods enitRB4ASBE the ;ﬁesiéﬁﬁﬁﬂ(texhtibna scan
chain can be detected by shifting in test data_ through one access port and

observi ng It additiomfto tthe lagitemderctest §.quologic d0ta).nintggzeiah cdcuit 208 Ma¥Rd to

connect together_ various c nt.s i nt t

oxanpi e, | AEHAEYohiEbe L PRRENONS e ME M Hhaif shSiiderf Bt
connect t hgadkagd 302 Toehf 1042264 8n€ R8I Ma}@dch reigﬂébbnt Ay choidmartdotyphiei r
correspondl ng access ports. Interconnects 108a(5 are ysed t;ﬁ connect the

i nput - si def Béeratedeirquitiogls. Fer gxmléadpapdﬁﬁgwrael&wé% ehrcomippaterial 498 ¢ o | ogi ¢
104a ble ﬁﬂaﬁﬁﬁ&ﬁggﬂﬁﬁ%%%égga(B 10) are used to connect the output-side

scan chain , taining registers 102a(4-6)) to logic 104a. In
addition, interconnects 208a(4-6) are used to connect the scan chain 201 a

containing registers 2 1-3) to lqQgi¢ 204a. . The arrows.on th
i nter connects ||‘?ﬂiyc@61§”‘% %P‘t‘lbé’l?i‘?fﬁl%gﬁw{ fe 9k sEeups F%Fafnlyoﬁ\?nng"tﬁ‘?u a

Lypi cal SCARiAES | Alrk@ B ndr-IRUS of &8h oHAhAAI € Bhdih @h bELSUBIIGERRRS por

106al to t I nput - st de scan chain la via interconnects 108a(1-3). The
i nput t est onelat morslogiveblositsi ﬂtsehownt spah@gams 10t 20ia andt1ébamlesatsd

108a(5-7) |n nerat out pyt t d al,on erconpects. 1 8-10)
The outbut ob S auEseq ShCaiRifiedy fhioetid o8B FeAT SRHCH S AR 015 The
out put teslog‘i@i@aQ@@eﬁé?ﬁg/R?er?é&'tﬁtt@fh@hgaﬂﬁlﬁm-sﬁélﬁdéhtchﬁmdf&ﬁlﬂ&mych gin 101b
t hrough access port 106 via interconnects 108a&12 14 It should be

not ed t hat s¢anpeitains pnléh@putput-pld@ ofjldgicsi4a 1@ legnerallyragfeed dohgeser @8 at o ot her
scan chai NS utptit-Side scanithain! Ei—![oweve%‘ 9 S(tnl?lg gu&?&s, g{ﬂ&%ﬁé g%ﬂ%ﬁmgﬁ{ﬁg to

| ogi c
scan testing path are considered in making this distinction. Scan chains can be

20 implemented using any conventional mechanism or technique.

Every scan chain is typically associated with a pair of access ports (e.g.,
106a(1-2); 106a(3-4)). In some instances, the pair of access ports belongs only to an
individual scan chain. In other instances, the pair of access ports is shared by

25 multiple scan chains. The pair of access ports allows test data to be shifted in and
out of the scan chains. The pair of access ports also allows testing of the scan chain
itself. For example, a break in a scan chain can be detected by shifting in test data

through one access port and observing it out of the other access port.

30 Interconnects are used to connect together various components of integrated
circuit 200. For example, interconnects 108a(1-4), 108a(11-14), and 208a(1-3) are
used to connect the registers of the scan chains 101a, 101b, and 201a to their
corresponding access ports. Interconnects 108a(5-7) are used to connect the input-

side scan chain 10la (e.g., containing registers 102a(1-3)) to logic 104a while
8




104a or within the test scanning path of logic 104a. 15 A smart test
generator-anal yzer 214 is operable to send and receive test data and ot her
control signals with integrated circuit 200 via interconnect 216 and/or
access ports 106a(1-4). Smart test generator-analyzer 214 is al so operable

to analyze the outp test data _and condyct other, scan festi functions
such as ~2WFePBHEHY ,1%%{31’]&5 r6 vivd g sanmest ﬂﬁroé&?fﬁﬁ}d;?sﬁcgn thpgtgge‘%s

descri bed o [ i L MR h&difidit] UhRrodnhddid | 308a64-65 an
i nt egr at ed%@ﬁ?@%%%ﬁfﬁb&?@@)ggg?gﬂig@# or scarll I?est |r ng 25 | (?mgi c};104a

usi ng t estardatal foi qpahéat ithegscan chain 30 tneotaining megistéts 262a@ rd del it 043t the
present i ntion. lptegrated cirgui 00. i s. hased o ign
i npl enent e %?FOV&%OIA%‘? .teﬁngﬁgwgl%aﬁ?t@‘aaﬁ?@’&né’ ?rﬁaﬁe?‘e%bg%rfl@ﬁdes t Wo

i nput -s{ de scan chains (i.e., scan chain 10la containing registers
102a(1-3); scan chain 30la containing registers 302a(1-3)) and two
out put - si de scah aiieal scan testing path, awat fest datp it shifted Hirauelsacceey Pt er s

102a( 4-6) ; hai Qib i.nj - eqi -
chan 1o MGG TR CRAE sERCH AT € b alngedt 1880 3) Tong R LT
106a( 1- 2) ; 48 Iathemishifted Q@ (13gie 1044 Oibkintwrdondddd 208 31Y) iBgdderatingloug®eb( 1- 2) )
via interconnects (e.g., 108a(1- g&a 308a(1-4); 108@22 11- 14]%}_;gr aQSb 1-4)).

| nput - si detestdata @tenghthteroannestsdl 03aBal Qr el eniRns tost datp 43 SARIBCGIE 8P or e

| nput 1d ESbudiat dqy SERObRi 1930 2Nhd JBul RePRRIchE hell Be AfFRASUR G 10641

and SOéal. ored i nput test vectors are available from
i nput - si deostparsidéatamschbiil 40 Hnthro@Mhlacésrpoap p06adnga ingetchendctsgl Ba(ldder t est

(1) of 'a biokld B noleddf it snstongra e cesh Wit b el 110"

(i nput | eV ofldr i e 81, dear Rt S0R) P QhcnbisiRB Lbudorath bgivel

one). Qutput-side scan charns 101b an Olb are operable to receive and
store 10 dMMgportwitlesthe@stscupunppath of RgiaHHa112b from the | ogi ¢ under test
104a. The stored output test data vectors are available fromthe

out put }3i de scan chains 101b and 301b for observation by shifting them out

in parallel vi a@ﬁﬁﬁ@&spgéﬂéat&oﬁmyzeﬂgm kQpathblelioaschdvand ticpive iast datascan
chains are each on a different output |evel %%]@) .of a pipelj For
\::

vel . f e.
i nstance, eud pther siodwok signale Heithh integrated Sirgpit  dN§TROPIECE s%lgea“d/ or
access ports 106a(1-4)., Smart test generator-analyzer 214 is also operable to

analyze the output test data and conduct other scan testing functions such as

20  mapping, correlation, and failure analysis functions as described below.
Detailed Pipeline Embodiments

Figure 3 illustrates an integrated circuit 300 that is operable for scan testing

25 logic 104a using test data pipelining in accordance with a first embodiment of the

present invention. Integrated circuit 300 is based on a SOC design implemented on

an ASIC. As shown, integrated circuit 300 includes two input-side scan chains (i.e.,

scan chain 101a containing registers 102a(1-3); scan chain 301a containing registers

302a(1-3)) and two output-side scan chains (i.e., scan chain 101b containing

30  registers 102a(4-6); scan chain 301b containing registers 302b(1-3)). Each scan

chain is associated with corresponding access poris (e.g., 101a with 106a(1-2); 301a

with 306a(1-2); 101b with 106a(3-4); 301b with 306b(1-2)) via interconnects (e.g.,
108a(1-4); 308a(1-4); 108a(11-14); 308b(1-4)).




15 scan chain 301b is on OLL Multiple interconnects (e.g., 108a(5-10)) are
used for connecting the two input-side scan chains and the two out put-side
scan chains to the logic under test 104a. Since scan chains are typically
i nt erweaved between various logic in an 20 integrated circuit design,

i nput -si de scan_chai.ns 30la an Ola e shown . connected to, | ogic, 304a via
: nltogrcolnnect s 3B‘§Ht‘l Bié‘ia.n : Wislqgi‘l‘ 9?‘1 g‘é}tﬂp"ﬁ?pg?ra@eg%é‘??elvfﬁﬁbﬁ?r%g’lfﬂt and 1\6: b
are shown MRl EGorlsa 1099h8 1 B pirdllel MiLICaRNREE 0828 P3060) - TES I n a

scan testing operation, input test data vectors 110a and 110b are shifted
i n paral | eftoiedtiopsictast ddtaivastorsOdra avaidatd® feomr égweeide setry ch@pndBlaarth chains

101la and la. have three reqgisters.e three clock .gycles.a required
to load th &’%Of ﬁpﬁf'wgitf’%%&%écc ({?thsﬁgﬂﬁa‘tt@% a{nguégﬁ 8. © %ﬁtaﬁee next

cl ock cycl gachionRidiffeRnt in?ﬁi RvIAL)YT a pigélimel ForBiRtanes ifigut!stidi searl Elthin i n
generating an output test data vector 11 2a that is 30 captured in

out put - si dé0kaciaondhAi(impebleyel QrpndHapwzpide scppchaip POl als emBd: (R devght o

vect or 110§nei:)s applied to |l ogic 304a where a resulting input test data
vector 110 appears at scan chain 101 a. In another clock cycle, the
resulting input test data vector 110b is applied to logic 104a in
‘generating an output test data vector 112b that is captur.ed in output-side

scan chain 101b .Ol}thuttﬁh‘ée Whéinéc]@léyaé‘ﬁém@lﬁrﬁ @peraBle; forfseeide A4 Sl¥%r 112a
IS appllé edoﬁt@ui! @gl'h&atf?’ Qé’(,gcifqug aﬁr'i N hrohpglf:QU%iP WhddeRte ﬂﬁra? TMRGEAREd 112a
scan C b. Fina

appears at aln 'y, three cycles are required to shift out
in paral | ehtpoutestitiathesttotatue aadlbiole Srd 2he antput-4idb star cbiiped 08 anh. Thus,

a total of ight clock cycles .are requited for. scan testing.lpgic,104a
with two | AL Tareehseryasion By \sEeting duoneapy ihprafich 115 oasss PESCOPBE Aiden ol ock
cycles (seyggyac 'Pﬁé(tvﬁy&dt@ﬁ-ﬁ&r scBfeRaind 418 SheH 6154 didfebéht %ﬁ%h@[evéll{[ﬂﬂ)@@ ina
series operation) would be required for scan testing 104a wth two input
test data ueipding. Far isstended obputisite dcarheltain dfputs pedILQand cuput-side 112a
and 112b are %%gg 10 éhe i nput test data vectors 110a and 11 (b
respect? vef§® s@QLL output test data vectors 112a and 112b are the
result of being translated/conditioned by logic in addition to the logic

under test, the translations/conditionings should be accounted for in
perform ng the dultipledstarengnedisl (¢-8. d08a()zi0) axenesedcian covrecting thedlPts. Any

input-side scan chains and the two output-side scan chains to the logic under test
104a. Since scan chains are typically interweaved between various logic in an

20  integrated circuit design, input-side scan chains 30la and 10la are shown
connected to logic 304a via interconnects 308a(5-10). Similarly, output-side scan
chains 301b and 101b are shown connected to logic 304b via interconnects 308b(5-
10).

25 In a scan testing operation, input test data vectors 110a and 110b are shifted
in parallel into scan chains 101a and 301a respectively. Since scan chains 101a and
301a have three registers each, three clock cycles are required to load them with

| their respective input test data vectors. In the next clock cycle, input test data vector
110a is applied to logic 104a in genérating an oufput test data vector 112a that is

30  captured in output-side scan chain 101b. In the same clock cycle, input test data
vector 110b is applied to logic 304a where a resulting input test data vector 110b
appears at scan chain 101a. In another clock cycle, the resulting input test data
vector 110b is applied to logic 104a in generating an output test data vector 112b
that is captured in output-side scan chain 101b. In the same clock cycle, output test

10




techni que and nmechani sm may be enployed to facilitate the mapping or
translation 15 of logic in the scan path. Since input and output test data
vectors are shifted in and out in parallel of input-side and output-side
scan chains over nmultiple pipeline levels, pipelining of - test data is

realized. ordingly, .scan.testing.ti is reduced, especially when 20

hore are fHyVeeuD Hoais SpRisd IPRE T SHlefe & REVIITE POPLH P Ry

| oadi ng nultiRly ]taedrslngl“écaﬁ%ﬁﬁncﬁ)tlﬁ. VSRR, M@cpaésaarle%qdifydgots & bt - si de
I p

scan chains, nu e input test data’vectors can be | oaded
subst ant i alfayalieheutpahtest data Yeetogs |12 amh i blto fw| gbsetveteti. ndhns gl tiadred of

mul tiple scan,chains pn every.clack cycle). . As h, . subsequent. i nput
test data \Fééht 3?0*503’6@@ I%%ﬁ@é?rﬁigorrsgﬁ%%sﬁ%g E)oegl%z%ﬁ ggﬁttgo%u%ﬁ%sg{&%ta% under
test. Agcorgss. tQomRABoRIROSH 8B FSurtcbh Qlotk RySles @aber E1BEK cch&tfofladca vect or
can be applied to the logic under test at one cycle after a prior input

test data veRitdest daia vselen anplind Bula seres enerréeml Wouldphs srqdirgd Joibs@guent
i nput test tgﬁq{.ﬁ’? lbgg\t&%_t%?qn&%t%spﬁgggeﬁg{sg VSO the input-side scan chain, it

must wait u the pri inpu ector is conpletely |oaded into
the input-side scan chain, applied to the logic under test in generating
an output-test data vector that is captured in the output-side scan chain,

and the out put tI_E§1%°“_éF¥1P§n9@étﬂé?t oyt desy dafgrverigrs b](?@eﬁ‘@a]_tlizbrﬁre ]ﬁ\?ﬁeii ®8r ease in
test .sl%am}h@ﬂg)ht ﬁt Jli%cta %@tﬁﬁ;ﬁb@t&eﬁdaﬁ 85 ?ﬁsgg&mﬁ; AbwkeY Sh&L Suthfk e scan

chai n increase shou e note t 1n-the present Invention, the
appl i cat i ordatf veetordh 11 2goand ki1@btare thetresultaxftbeingt tranklatedfcogditionedley logesin i s

still done in.a serjal manner. That is, one, input . test a vector is

Spbl i ed ro A0i0e 6 lasil BRE 1 e rapitatinsreoBiiningS Shalf be asinte
subsequent | gy rEfing S8R ,tesiiﬁg aRd 85 GhilyLinYy ehY SQR t@éﬂn%%sﬁ@?hﬂnﬁ}pm test
data 5 vector to be applied to logic 104a”in a serial manner using a

pi pel i ne. Redmrpesanid tephanismasaybe employedteticiitate the magding batransdatvper abl e
for scqg tegﬁin%. %@gic using test data pipelining in accordance with a
second Sdi TR P br esent i nventi on. Integrated circuit 400 is
based on a SOPC design inplenented 10 on a progranmabl e device (e.g., PLD).

As shown, integrated circuit 400 includes three input-side scan chains
(i .e., scan chaiAnceoAUCE: eUipitigst dat wackars areoshifter ®)and a3 am palelrf401 a

contai ni ng iﬁﬁﬂisﬁeeﬁlﬁ‘i élt%l?t(s]fdf? gc'ansc(fﬁﬂls Co%'j' Hmf‘[?p]lg p?p%ﬂhgilweﬁg pfp%gmtged’fs
test data is realized. Accordingly, scan testing time is reduced, especially when
20  there are many registers that form the scan chains. For instance, by loading multiple
input test data vectors in parallel into the input-side scan chains, multiple input test
data vectors can be loaded at substantially the same time {e.g., synchronously
loading registers of multiple scan chains on every clock cycle). As such, a
subsequent input test data vector is preloaded and ready to be applied to the logic
25 under test. According to some embodiments, the subsequent input test data vector
can be applied to the logic under test at one cycle after a prior input test data vector

has been applied.

Conventionally, before a subsequent input test data vector can be loaded into

30  the input-side scan chain, it must wait until the prior input test data vector is
completely loaded into the input-side scan chain, applied to the logic under test in
generating an output test data vector that is captured in the output-side scan chain,

and the output test data vector shifted out for observation. An increase in test

scanning time is exacerbated as the number of registers in the scan chain increases.
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402c(1-3)) and three output-side scan chains (i.e., scan chain 101b
containing registers 102a(4-6); scan chain 401b containing registers

402b( 1-3); “scan chain 401d 15 containing registers 402d(1-3)). Each scan
chain is associated with corresponding access ports (e.g., 10la with

106a( 1- 2); la wth 406a(1-2): 40lc with.406c(1-2);. 1 it h a(3-4);
2010 i ¢ AoRkid sy hosighBbrinfthe et Msbabichy 1 Apnkbason B pact! it 18

108a( 1-4); deSadclordd méﬂ%n:(&rdéﬁ testlig8a( ldbnd fh & seHdBB{ahnd) Th4O8Grk-idpyt. 20

| nput - si de scan chains | Oa, 401 a, and 401c are operable to recelive and
store i npuesttdaty verderaisyenplied do dogig, 104a digforg raothen énpuh teshrdafd Bectef 8 access
ports 106al 4 I Se,al €

avai l abl e fs}%ﬁﬁﬁﬁgi t?p%rﬁgcei' qgogéeﬁr egﬁg? ﬁge%glgcl%gyaﬁ%ha%lﬁ?ﬁ(fq %%]cﬁﬁ? gérS?é%%l ying to
the | ogisc urder td esipplied @ logi 1088 o serfdd enahhéragingrapipelitiede scan chai ns
101la, 401 a, and 401c are respectively on 25 I1LO ILlI, and 1L2 of a

pi pel i ne. Qutput-side scan chains 101b, 401b, and 401d are operable to
recei ve and st Grig Bul ulidi&Sin HPukPErQlS40B R is bhebIARf sdhdestirgom t he

| ogi ¢ under test a. e stored output test data vectors are avail abl e
from the odogiotusgigiessdan pipelinig BOadkoidance Oith, a ancbndOddbddmentbektheat i on by

shifting themout in.parallel yia ac S orts 4 ,, 406b2, . and, 106a4. As
shown, | Che BTeBb IRt - Cessated SRR dih s tah of s apC denan Aabietikns
respectypvelgy ap% ) ik dedfed (Qg., P‘T’J‘D)s"1 A4 ﬂﬁJvhﬁ"r‘nteé%teWi&hﬁ'@O!iﬂélﬁ&&on”eCt S

(e.g., 108a(5-1 are used for “connecting the three input-side scan
chai ns and thice inputeideosnaphains die.s sean aiain hela contyiningogigsteonde?a(i8yt  104a.

Al t hough scan chains, are typically i aved Dbet n_var.ious l.ogic in an
"t oor ot e o s AeliegnBe Sl AFENRE SRR BB E v bR eniRE
devices 5 ajoheW-»¥ amdCihedd dulphit-§ie kearflichaias |(Ve.C @B Chaf (@BetHibining f or m ng
the pipeline. As such, the translation/ mapping of test data vectors

bet ween sc&pgisters W3aidsoxponnphgiad01b contaiging regissen 4A25(k3); span duim4tldgi c in
th t W) A l.QQi t. . O - Si
chai ne o1 Loblalind s 402889 Balll BB, L i ast i P Wi coRiBile? car

i nput - si de ascan poRs(#g., 40lawithd 0841 2) pa@1 acwith 406 0-20d 401 choith A0&I(TARnect s
408a(5-7). Sigi l.arl out put - si.de scan_chai ns 101b and 4Qlb are connected
with int er dOAREEES10GEHEE-4P1D Frith Hifbele) 404d vate Ik N iatsreamyec®01d  are

connect ed Vit &N 1h84@LHONRGEL-3); 40831 2);08a(11-14); 408b(1-4); 408d(1-4)).

20 Input-side scan chains 101a, 401a, and 401c are operable to receive and store
input test data vectors 110a, 110b, and 110¢ in parallel via access ports 106al,
406al, and 406cl. The stored input test data vectors are available from input-side
scan chains 101a, 401a, and 401c for applying to the logic under test 104a. As
shown, the three input-side scan chains 101a, 401a, and 40lc are respectively on

25 ILO, IL1, and IL.2 of a pipeline.

Output-side scan chains 101b, 401b, and 401d are operable to receive and

store output test data vectors 112a, 112b, and 112¢ from the logic under test 104a.

The stored output test data vectors are available from the output-side scan chains

30  101b, 401b, and 401d for observation by shifting them out in parallel via access

ports 406d2, 406b2, and 106a4. As shown, the three output-side scan chains 101b,
401b, and 401d are respectively on OLQ, OL1, and OL2 of a pipeline.
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Programmabl e i nterconnects all ow easy construction of pipeline formations
15 of scan chains in progranmabl e devices. As conpared to ASICs or ASSPs,
test data vector translations of |ogic between scan chains can be mnim zed
with programmabl e interconnects. This is because programmuabl e

I nt erconnects c¢ be .inpl enented t unwanted logic. (i, e., logic
that is unneces3@‘?191’1\3(}?@‘??8“%%%%1 39%3"3}35 ﬁd@ei%%fncl ﬁ‘fq‘\'& tQl‘ft’éll']ieaent i fied
ei ther by 5GifkRIBGBart Shatns BB GhiRE olflul-idk s@th Saidsh® thOISHE ah&d &krcuit, a
pi pel i ne can be constructed with programmable interconnectis so that test

data can bdOfa.palthorgh soarehaivs aret typically) intemweaveschatwees vinpsdpg@e at Bon, | nput

test data vecto 11 11Ch, and 1 .are shifted in parallel .into scan
chai ns- 101 Mg circaderti. HraBpppbiifetapitls b ppuninie Sviet o
40la, apd 40dw sbayendily oRAlifkAY SoRReled hi¥ES il BAKng)Ee Bipelne Agequired
to load themwi th their respective input test data vectors. |In the next

cl ock cychkechy thedransigtion/mappisglof tapt ety vestarsihetweentscamehpineis typimized i s

applied to ' ' iﬂ.gi . a that
is capture ?(%h%ﬁ%%@{ﬂgpﬁé&gc%glrﬁ?ag al natﬂelg(%%%ﬁtnr?%ﬁfﬁi{eh fsggﬁnéglogcg%@e{ig/%\z'e, I nput
test data vecdhownlikpbht-side Stunf dhathsf40dmandatiialass condctdd Ixth hit@catacschai n
101a and input test data vector 110c.is shifted from scan chain 401c into

scan chai n“4%&7)| Ao nePWeHde | ek eRainse 4ilagand {Qlan agy geqanggied eYithi nput
test dgtainechfectls t(SHZ%.a@HiIQH 1 Buth@0ie 1042 chindGOEE 3k M 18NarQUL Ut

test data vector 112 I's captured 1 n output-side scan chain 101b. In
t he sane clkomecteydotith interpermects d68b(del)and entpmr-sitieGear chagdw 4G1dcdntrddid scan
chain 40l1a into S(%%; ciﬂai n 10la %g éS out put test data vector 112a is
shifted fr 8t CoarFehyIth merepneis#088Qr )chai n 401b. I'n another clock cycle
(i.e., sixth clock cycle), input test data vector 110c is applied to logic
104a in generating an output test data vector 112c that is captured in
out put - si de sc&rmgtmmableOnisrconneathallevasesyctamstruation of, pipelinsuformatsms dat a

vector ,112b.is 5.shifted fromscan chain,10lb intqg s chai 01b_and

out put 1 coB =il iy Probiahae Beicdcat Pmpedio RSty doaBs B Scan
chai n 401ddatai Gedtdry trafshtiRas COClotic BEBvech Etdh I @dinsOcAhibet m@tiinided panal | el
out put test data vectors 112a, I12b, and 112c for observation. Thus, a

total of nPFEranEaRledplercoanepte Thisus begruse pregrammeablst infrgeanagets candga wi t h
t hree input L.t Al ecifl ' entl.onal ly,
10 at | eas%m%@gl%?%ggﬁgyﬁ%%gﬁ&gggﬂe@@?s(ggé?]dgtﬁz‘% glgﬁﬁgg%eggﬂ%grﬁg% E[’yléﬂrllput t est
dat a vect otesting). Once scan chains are identified either by reference to a mapping or netlist

20 of the integrated circuit, a pipeline can be constructed with programmable

interconnects so that test data can be pipelined when scan testing.

In a scan testing operation, input test data vectors 110a, 110b, and 110c are

shifted in parallel into scan chains 101a, 401a, and 401c respectively. Since scan

25 chains 101a, 401a, and 40lc have three registers each, three clock cycles are
required to load them with their respective input test data vectors. In the next clock
cycle (i.e. fourth clock cycle), input test data vector 110a is applied to logic 104a in
generating an output test data vector 112a that is captured in output-side scan chain
101b. In the same clock cycle, input test data vector 110b is shifted from scan chain

30 4013. into scan chain 101a and input test data vector 110c is shifted from scan chain
401c into scan chain 401a. In another clock cycle (i.e., fifth clock cycle), input test

data vector 110b is applied to logic 104a in generating an output test data vector

112b that is captured in output-side scan chain 101b. In the same clock cycle, input

test data vector 110c is shifted from scan chain 401a into scan chain 10la and

13




applied in a series operation) would be required for scan testing |l ogic
104a with three input test data vectors. Since input and output test data
vectors are shifted in and out in parallel of 15 input-side and

out put - si de scan chains over nmultiple pipeline | evels, pipelining of test
data i's again reali,zed. Ac di ngl. can testi.n | e i s reduc The
Faduct  on® OMfpud E6h 4f@ ier(oE T8 s Tt FBfichent SoRMTIALb RGeS S99 40lhs i n the
pi pel i ne. KRLnothBSHSEES IR L) shxl BlocR h@k), MpulBeét 8 Se@bAN (clisBpplieda fact or
of approx 10. This is ‘because scan chai NS may contain nunmerous registers
where a cl delogiy t04a in gencsaidegiaroouipy tbg sldtasieeioy i 2mithai id gapturedgn suipnt- | f

| oadi ng or _unl oadi ng. o es ata is dope i parallel, the. ti savi ngs
can be si gr‘ﬂ i%cél’r]itc.h%&cl%lrdi :[lrbc&['eos%? icgoﬁg @HSo ™ u?]ltt S?dtahaevectt(lgrngﬁ?af\%i ngs is
at | easts ashifiedros stdn dhake 50 h0ntOsEn chEnSI0AD agl duipuitdshddth @edi®st12a

regi sters. 25 As nentioned, |oading and unlpadiﬁg s where the tinme savings
are great eds shiftefjfrom sopre ehain A0Lhdnte thaa cheins d0kht Xinplly; Bree sygleshrener ged

t oget her f . | . I ' 0 ' qsFU e sl S pOSSi bl e
o overt ap et to WA Ol npital| Ao AR bR aIE A hnd 2 Rorb P 2
| oadi ng of cheatitem. SEhusph theab bf dileaclyckcéwmics. are Toqiireld Sor asnangingelbgiof
vectors is being shifted out for observation,_ another set of. 30 v?ctors S
bei ng | oadd@4apib e drut st date Nectamta thip seecifiombrdimenty Ganvertiogallyt t he
LSt daha VPRher fuchf LAPCbAOb LS sPYe cloBOBRIAToR Badt M AltAaDARIGH. 1L 1 S

al so possible to ov ap In tine e unl oadi ng I ndi

I ndi vi dual test
dat a vect orapphidl irhe skoesdopegatom) avadd badequicidviod sedn testing degia 104 wath. For
exanpl e, amm&nt i %e(g earlier, the conventional nethod involves a serial
operation P UPELIAN 932 Yl qat a vector is shifted in only after the
previ ous test data vector is shifted out for observation. However, the
serial operation may be configured to include overlapping the |oading and
unl oadi ng of i ndiindedinpit andcquipwt test dlatauveckss awl shblbedaineandzput dw ppratielsan

bet ween _t he_cqonventi.onal .method with overlap.and.t he pipelined . t hod
ot o | T e A S ettty QNG pRBoRRBiPEe Bt ianlEinind e
convent i onaést A9 galt FdaliodE r Adddrdififldsdaf $sting tindelib rélugéd. TiRsStedudiha
vectors and one input-side éSOO regi sters) and one output-side scan chain

(500 regi 38 &FE) teaHE dimeéfufierendgd on therngpberiofi levelsgp the pipeligo Hory + 500
+ 1+ 500 Tns]cance, a 10-level pipeline may save scan time by a factor of approx 10. This is
because scan chains may contain numerous registers where a clock cycle is needed
20  to load every individual register. If loading or unloading of test data is done i
parallel, the time savings can be significant. According to various embodiments, the
time savings is at least as much as it takes to load the scan chain with the most

registers.

25 As mentioned, loading and unloading is where the time savings are greatest.
This is because individual test data vectors can be merged together for the loading
and unloading operations.  Further, it is possible to overlap in time the unloading
of one set of test data vectors and the loading of another set of test data vectors.
That is, as one set of vectors is being shifted out for observation, another set of

30 vectoré is being loaded at substantially the same time. However, application of the
test data vectors to the logic is still done on an individual basis.

It is also possible to overlap in time the unloading of a first individual test
data vector and the loading of a second individual test data vector. For example, as

mentioned earlier, the conventional method involves a serial operation where each
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10 + 500 + 1 + 500 + 1 + 500 = 4508 cycles. That is, (500 cycles to shift
in vector 1) plus (1 cycle to apply vector 1 to the |ogic and get a
correspondi ng out put vector 1) plus (500 cycles to shift out correspondi ng
out put vector | and shift in vector 2 sinmultaneously) plus (1 cycle to
apply vector 2 to the, | ogic .and get correspondjn ut.put. .vector 2) plus
(500" cycl edest data ypqtpr @@&%?Srm@woaﬁﬁr% HGYIBB$ t%fbﬁ%‘fe fdﬁglﬂgﬁi? ppt frf%_ in
vector 3 sl ARE0USIYkeRlUSné %&MP'cﬁaelé?ioﬁpH{ 6 CESHfigardd0 b1 chagi ¢ and

get a correspondi ng output vector 3) plus (500 cycles to shift out
cor r espondinelappingbhe loadgomd3mivadinghifiindividuslescors. 4Ts furilier eldbaratel §) pl us

(1 cycle to apply vector to the . logic a t acorre ndi.ng. qut put
Vector 4) priBRidRobEyar dhe FooRrtonat metiigh waE, g A5 ABRPBREES: "' and
shift i5 vegdifgd with bieHabaTeRsteyent Rivestidnlis prlidediselod®_apply vector 5 to the
| ogic and get a correspondi ng output vector 5) plus (500 cycles to shift

. out correspondi ng output vector 5 and shift in vector 6 sinultaneously)

plus (1 cycle appl y vector.6 10 the |.0g] d ¥ ) ing

but put vect or - opiprien tesbElihel AT i St leBag SIACABRAE T, o o,
6 and shi f Hafalveres /id dne BboLSiEQEDOUSLYers) laté ofd ottyal-sidé ecanpiblain 66t or 7 to
the logic and get a correspondi ng 25 output vector 71 pl us &500 qycles to
shift out &Eegiseshwauidigaun R+ 1aciQ)+ ¥ 3 6 hitr300 + h 1RG0 b 500 + 1

st mul t gpeclsdgy)s plitsod 4 104868 =t%|0§29%]\é%v?ﬁ5§ﬁf, (Sod &dilial Bt f ARELQ5! 2

correspondi ng out put vector 8) O cycl’'es to s t out correSponding
out put  veetwsr(l8ycletib epwettot altd rig: 165id8ind wet £eorréfoiisgdutpnt vdeordi pel i ned

nmet hod with_ overl ap of the present invention, scan _testi .Wth eLght test
data vect oP¥S£r80 Fyelepie -Sga_f@eufse%sem O¥BBHVFLYi LaBd shibjn V?CR%?-gsg de
scan. ohal Nkinflthndoi Bl (11 JRISSEARINALIS 206 ML o 13 aRBReeal. o) e

scan chain) over a i peli .e., LG 2, 1L3 and o ali,

OL2, QOL3) owipul deata@)iplus (500 cyclds to50{1 eutstomregidding DEGBIt voatded andritall i s,
(500 cycles to 15, shift in ctors,1-4 in rallel), plus.(4 cycles to apply
Vector 4515 v Saylavelins BBt Tt siite f aR g Brtiof 15 dbs A 65 by 02
(500 cycl egofr@pohdihl otPut GREESPRNRI (300 cOLIEP shifiChuRIcdrréspbnaing cifdtt i n
vectors 5-8 sinultaneously) plus (4 cycles to apply vectors 5-8 to the

| ogi ¢ and geetoxdand shifiriai vegtos dispunltansoudy)splas 6) cysiate pliovesjen 4t ket o shift
corpari sontod SRS eRmeo: Al Subls RASE & Tolh” G WS B 1) ax
nor e corresponding output vector 4 and shift in vector 5 simultaneously) plus (1 cycle to
20 apply vector 5 to the logic and get a corresponding output vector 5) plus (500 cycles
to shift out corresponding output vector 5 and shift in vector 6 simultaneously) plus
(1 cycle to apply vector 6 to the logic and get a corresponding output vector 6) plus
(500 cycles to shift out corresponding output vector 6 and shift in vector 7
simultaneously) plus (1 cycle to apply vector 7 to the logic and get a corresponding
25 6utput vector 7) plus (500 cycles to shift out corresponding output vector 7 and shift
in vector 8 simultaneously) plus (1 cycle to apply vector § to the logic and get a

corresponding output vector 8) plus (500 cycles to shift out corresponding output

vector 8), thereby totaling 4508 cycles.

30 Based on the pipelined method with overlap of the present invention, scan
testing with eight test data vectors and 4 input-side scan chains (500 registers per
input-side scan chain) and 4 output-side scan chains (500 registers per output-side
scan chain) over a 4 level pipeline (i.e., ILO, IL1, I1.2, 1L3 and OLO, OLI, OL2,
OL3) would require 500 + 4 +500 + 4 + 500 = 1508 cycles. That is, (500 cycles to
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scan testing tinme over the pipelined nethod with overlap. In other words,
the pipelined nmethod with overlap of the present invention provides a 3X
reduction in scan testing tine over the conventional nmethod with overl ap.
O course, further 10 reduction in scan testing tinme may be provided over

t he convent | gnal thqd, .wi t | ap. Fiqure 5 ill rat an

i ntegr a;/ed sb&PBhY%ﬁfrﬁif‘l f”\émp%g@eﬁi}}ﬁl\éﬁ SVag%g’ln%@éf’ F%‘Iérsllgg}t%awﬁ@gl r‘fgﬂnfjest dat a
pi pel i ni ng dep cawEPOARRE Durhult Kedtotshi - ﬁgﬁﬁ‘qedd) RElks &F shifteoudBaeondig
invention. Integrated circuit 500 is based on a SOPC design_ inplenented on
a programfaiu veesprsck-4(and ghift m pyctorad-§ siswwltaneansby pdusdd @icles 49 apBIo

rogi stors Sasepl oA o U AR e pa i obE Lepdhe aBPR3) 190

two out gut -t6ishéft anBoREEPbAding ioutput vesioans@haiherédb9 toaling As08idycleg rlagi sters
502a(4-6); scan .chain 501b2 containing 20 registers 502b(4- )2}. I&put -side
scan chai n SSOwarise, thegrpnyeationay@etied withveplap tequirss ala%r@xw@ffgy' LUBRCs of

scan chain L i i =S erlfc]]lf' i 1kl fpg PHf- Si de
scan chain sé%%t%gngrtgﬁéé“gﬁg ﬂeﬁ@ﬁélﬁ&?ﬁg@gﬁ C a?’lr‘{gré%’lob&]jrl n ot gllrdg’v\gfreds,
scan regi stpipalined mdtieod withtovariap ofithp ytressnidimsemtfonl prgvided 83X wdnctlba ion t he

same scan chai n.ég.. ., 501a; 501b%“ 2gach scan.chainh is Jgssoci W th
cor r espondiSAgp K5k §‘%§5°Yf6r g cprveglion G&?h? M@l" P5d? S§ULH t 6a(1-2):
501b (qglblreMOﬁ%b&)anWehﬂlg 2060kiy De) pAbvRied NGRE GRE R ShtoBaldmethpd8a( 1- 4) ;
508a(11-13); 508b(1-4); 508b(11- 133’). ?nput-5| de scan chai ns 501al and

501 bl are opéhaabbeertap. recei ve and store 30 input test data vectors 110a
and 110b in parallel via access ports 506al and 506bl. The stored input
test data vectors are avail able frominput-side scan chains 50lal and

501bl1 for applyipigutd iliigrai@HnGnieBReld diRGit tH4Popefiib]l® R WBan tebtgng 1Bic -
i nput-side scan chains 50l1lal and 501bl are respectively on ILO and ILI of

a pi pel i ne.usig ‘et dale pipaliningcinacenedanee Soth & 2hish gmbodisrenhof thperapite to

i A t t | ogi
ocor Rl nSA R FRMERA <0k 8B YEE) O SR PR IPBIGARARE 4 P00
t he out put Boglematble dhaden&.H0RBD).ang shothphié¢gited Rieniv 300 dnclidestvof ti ng

them out substantially in parallel via access ports 5 506a2 and 506b2. As
shown, t he IBRE-siflf 35an chpige (k& afrap thpinso Hel sontgrung pepisers 582a(1-3); scan

chain 501b1 containing registers 502b(1-3)) and two output-side scan chains (i.e.,
scan chain 501a2 containing registers 502a{(4-6); scan chain 501b2 containing

20 registers 502b(4-6)). Input-side scan chain 501al and output-side scan chain 501a2
are constituents of scan chain 50la. Likewise, input-side scan chain 501bl and
output-side scan chain 501b2 are constituents of scan chain 501b. In other words,
scan registers on the input and output sides of logic 104a can be on the same scan
chain (e.g., 501a; 501b). Each scan chain is associated with corresponding access

25  ports (e.g., 501a (501al and 501a2) with 506a(1-2); 501b (501b1 and 501b2) with
506b(1-2)) via interconnects (e.g., 508a(1-4); 508a(11-13); 508b(1-4); 508b(11-
13)).

Input-side scan chains 501al and 501bl are operable to receive and store
30  input test data vectors 110a and 110b in parallel via access ports 506al and 506b1.
The stored input test data vectors are available from input-side scan chains 501al
and 501b1 for applying to the logic under test 104a. As shown, the two input-side
scan qhains 501al and 501b1 are respectively on ILO and IL1 of a pipeline.
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respectively on OLO and OLI of a pipeline. Miltiple interconnects (e.g.,
508a(5-10)) are used for connecting the two input-side scan chains and the
two out put-side scan chains to the |logic under test 10 104a. Although scan
chains are typically interwaved between various logic in an integrated

.circuit design, progra bl e, i.nt nnec Ln_progr.ammabl e. devi.ces  all ow
scan chai ns ign' tcgl%‘g'sb‘{ersé’ﬂ? chalﬁ%ﬁﬁﬁ‘%tgﬁ #@8&%‘2?"%\&?&? ﬁ?"ﬁ{}"‘taﬁ‘% *Bipel i ne.
As such, gﬁ)ut kR dAta tvieOHBfsNEIRAI A0 190Dttt tebAlogiciB@EOst DRfaVWCEi Seed chai ns

is mnimzed. In sone enbodinents, the only lNogic in the scan testing path
i s the | ogioutpuhdest datastectors amsavatahlp fram s owtpaieside seancehaingsSed 42d and
501bl are te ] i . =11) 5 2l 1T I t-side
scan chai n?egﬁ%arf%g%é%ﬁ%ﬁgﬁﬁggg%?& §%§%ﬁ§ﬂ@ ﬁnﬁgﬂ%?{%&e%f: %Sg%ég%( 8-10).

In a scan 156642 ngl STBLAL A showr) fhe twioesitpwlaide s¢af tiiss 0102 aadd0THOhe ar e
shifted 20 in parallel into_scan chains 50l1al and 501bl respectively.

Si nce scan remsstivelson @E0and Old of 2 mipgl@et hr ee regi sters each, three ciock
cycles are required to load them wth their respective input test data
vectors. In the next clock cycle (i.e. fourth clock cycle), input test
data vector 1l0Mulsipkpintdreshnects l(egi, S0B8%al()h agenexdafor rgnaectiogttheitwot est

data vector, 112a that js ca red in outpuyt-side scan chain 50 2. In the
same 25 cl drputs | gan F*ﬁ"ﬁﬁ’i a‘ﬁ‘igie o 8“‘9@65@‘? SRS tgﬁﬁ? ?%c f“_tl%%%gséan chain
50l bl ijgto l@ﬁﬁnAltﬁbg%?scigjeﬁ&ins lafe fbtaﬁ?rintﬁllv&h%g%d:b'&%%er{ varfous 1bgiktiR afl OCck

cycle), input test a vector 1I0b is applied to logic 104a in generating

an out put tistegratbdt eirandic tiesign 1Rbgtatmmabile intemwphuacesdin pragrapmebksi drvieggan chai n
501 a2. In the sang, cl ock clk.e, .out put test data .vect 112a is,shifted
fromscan & 3er°%‘bi%aén§ H‘tt(?_c%c‘ifﬁécgﬁé’f’ @gfiﬁtfgetg?rdgl fP?f““lgﬁj;‘%Blpg n%) 8%k cycl es
are requir @fct, ehestpadslatiohimapPindasfadst Ghta Vb behRsdn dah shaieCkisindized and

112b for observation. Thus, a total of eight clock cycles are required for
scan t est ilngomegmbodoratstherpulydpgigin the sean tegtingpatieisttbe logiquader éeskpeci fi c

enbodi nent . ent | . t £ cl V. cl ock
cycles for Aésascgﬁ%h%hpe{lgés%%fﬁ%g% g@%&’t“@%@%ﬁ?‘i‘eé’agﬁ@ ‘gigr?lﬁléésrg%}élg?tgt I on)
woul d be r &Q8bisen). fSimiladarovtmfisiddosch® ghdins 30K antd t501bvare dopuéctédewithdat a
vectors. It will be aopgreciated by those skilled in the art that test
patterns (dntgrconpectyS088(&i)a vectors) can be efficiently applied at

di fferent speeds over any portion of the

In a scan testing operation, input test data vectors 110a and 110b are shifted

20  in parallel into scan chains 501al and 501b1 respectively. Since scan chains 501al
and 501bl have three registers each, three clock cycles are required to load them

with their respective input test data vectors. In the next clock cycle (i.e. fourth clock
cycle), input test data vector 110a is applied to logic 104a in generating an output

test data vector 112a that is captured in output-side scan chain 501a2. In the same

25  clock cycle, input test data vector 110b is shified from scan chain 501b1 into scan
chain 501al. In another clock cycle (i.e., fifth clock cycle), input test data vector

110b is applied to logic 104a in generating an output test data vector 112b that is
captured in output-side scan chain 501a2. In the same clock cycle, output test data
vector 112a 1s shifted from scan chain 501a2 into scan chain 501b2. Finally, three

30 clock cycles are required to shift out in parallel output test data véctors 112a and
112b for observation. Thus, a total of eight clock cycles are required for scan
testing l.ogic 104a with two input test data vectors in this specific embodiment.

Conventionally, at least fourteen clock cycles (seven clock cycles for each input test
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scan testing, thereby inproving the quality and/or efficiency of the scan
testing. It should be noted that pipelining the scan chains permts the
scan testing to be segnented into different portions for handling test
patterns with different clocks and/or at different speeds. For exanple,

i i ni { | | 1. t 0 i cati f test patt t
Phe 1 ogi o dRHoreETEQPPUR fi cerh oo pBbyoTRL A FRUHET SrsaaesREIbEE « he
speed at Whioghwithewb Qeput teshaRh v@sdks. normal I'y operates, which often

corresponds to the system cl ock/ speed. For another exanple, |oading and
unl oadi ng of the pipeline can be perforned at a slower speed than the speed

at which the tegst..patterns. ar | i to. the | ogic, un t. st
patterns may beeits‘fg[)g%BPPrg‘d:la%geqyﬁ@Bfeogg%ed&r?d@F a{tes ttﬁgtl ‘g“g{eg}sﬁgﬁ’ tc ock at
syst em speefdta Vdcins)Faadicadicieh@y bfplted & dfférlenyepdbd0swinang Goktiun 6Lt testing
| ogi c based on Figure 3. At 20 operation 602, an integrated circuit is

manuf act ur SeAMeBtiiS tharetonimnieving e qualibyrnd/aeficiency of the scampiceigt Bd as

ei ther an Al desi r atd: ,

ol pol | no- i peyidte 5 ARCPRRMRE o Qo thailf Pl flo RE BLEANINE, |\
cor e/ | ogi c segdarted @std.diferehi pottipns Porpkdndiiag itest Qattams ovith diffeentrdocks| y
extracted for the o tput-sige of the Cf)rel,l(f,gic nder test at_ operation
606. | n bothd/ss abslterentofpeedn s Lon exgmple. piRpliving Lrestcan RS IR B £ o ent

| evel s (br ogphfGiGR" /tés@?x'a' fiernt B ®e ToBR! uridlef tdst 8N funbfigith sHGR0T Bidboh ) Vari ous
enbodi nment rsa?f@%ent iO?i ca io?\mof reegl stuerse scsan chailns iss conduct 8d fromthe
i nner | evelspeddoincludes theespekéd \at Ivehid thehlegicl wuier tesh diormalys bperdtes,swhichvel s may

be correlated with particular |evels of a pipeline. That i .bot h

oper at i ons %064 RHESHES 471 b6, W FIaoRiread pF et aiiersyable PPEg™o among
ot her thi n%ﬂdaﬂ&grﬁgm%gﬂﬁ&ﬁﬁec(% K peMemRASAC AbRdr Whddd thbe tBOEFéddogi ¢ under
test.. At operation 608, vector 1 Is mapped fromthe registers/scan chain
“at |LO to whieh thegiest pattsmscarn aphli¢chtoathel lpgictunder éast e Teetcpatierns mapbe

exanpl e, r ring. to Figure 18 3 etermnation (i..e., mapping) is nmade
as to y at %bglé‘{dot?)qlﬁﬁ) .c,&@g%ﬁeétrusfig)aat;agtctl%c eaagﬁtt?nﬁs Gg:egn chain 301a in order
for logic 304a to generate a known vector 1 in scan chain 10la. At
operation 610, vector 0 is mapped fromthe registers/scan chains at OLOto
the registers/scan chains at O.1 tlBowl¥agramgector 0'. For exanpl e,

Figure 6 is a flow diagram 600 for scan testing logic based on Figure 3. At

20  operation 602, an integrated circuit is manufactured with scan chains. The
integrated circuit is implemented as either an ASIC or ASSP and contains a SOC
design. At operation 604, pipeline information is recursively extracted for the input-

side of the core/logic under test. Similarly, pipeline information is recursively
extracted for the output-side of the core/logic under test at operation 606. In both

25  operations 604 and 606, registers/scan chains at different levels from the core/logic
under test are identified. According to various embodiments, identification of
registers/scan chains is conducted from the inner levels to the outer levels of the
logic under test. These levels may be correlated with particular levels of a pipeline.

That 1s, both operations 604 and 606 allow mapping of a pipeline by identifying

30 among other things the registers/scan chains associated with the core/logic under

test..

At operation 608, vector 1 is mapped from the registers/scan chain at ILO to

the registers/scan chain at IL1 to create vector 1°. For example, referring to Figure
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5 referring again to Figure 3, a determnation (i.e., mapping) is nade as
to what vector (i.e., vector 0') at scan chain 301b woul d be generated by
| ogic 304b based on inputting a known vector O from scan chain 101b. Both
operations 608 and 610 determne the translation of logic other than the
core/logic under, test. That is, .bath operations,k 608 and 61 | . aw_mappi ng
of test darh e % iR mans o it Wi P dpoar Rt 1dNkCr Tt fon
bel ow) . At nep@idaini sofn BHaln 30 EL rédefok 1dgic 308a tPaelReate A Kddval Veelor i1nko

regi sters/scan chains at 1LO and ILlI respectively.. At operation 614,

vector 0 i $capphaindOla tdeoperatiay Sy vectars Qénuappech froan thaurggisers/pen | s

captured atit. ' S A r rae vV qal S
shifted i ntcgglggél{ @ggﬁé tﬁger gﬁ%ﬁegsr/]&gﬁgﬁ%ﬁ%?ﬂbﬁbt&g\{e';%épéee:agotr iOo'ngéltlg%an‘}p\}%ct or 1
I s appl sed referrirpeagain o/Higgt G, 4 Hetgmmiastidn (Ig., appingpist mideads tb vhaapdctored at

t he registers/scanpihain at QLQ__Further, the previous, out pu shifted

€ ) f i
fromthe g ¥ERPSPIcHCRRH&hANL1010 WHld hengenepyed barlepc it VAP o8t Ll .
Finally, t Iﬂﬁltl%a 1{;1169@ Vedfor r(ﬁ&bﬁlt&%ﬁlzcg&?“l(ﬁ@?" BSthApefdtidn@#ds Gl ke
shifted out in parallel to a tester e.g., smart test
gener at or - aletryier the trdyslitom afliegic wéter dimni the operlagic omdéli@st. Bihahwy boiy a

mappi ng of the .pi | ne d.the test data yectors, test. dat ilpelining is
ool oed eiasbed S0 et Sartoncmarnps R KEviSin it Banl SR ot
data tqpt alggngggogdﬁgqgm{pﬁbﬂge@ ects of logic in addition to the logic
under test in the 25 scan path. Any suitable nechani smor technique may be

used for performng the nmapping operations. For exanple, a snmart test
generator-anal yzgr 214. e used..Eigure 7 iis,a flow.di agram 700 for scan
Posting | ogi e baseeretion o, 483550 & 31k et Foper i RPERGRE T cur

I s manuf actcuhiag AMILY 266 IN1 GBpeBEvely. AR oPerdtidh apl4avestor 016 Wppliéd td thebe
configured with scan chains from progranmable |ogic. The integrated
circuit is cPFRlosivaRZaRETaNSAN ORI AhFahraptured pithe serisiergsoan diam atgpLo.

oper ati,Qn | S . | el il |+ ke for
Che. | npat - rartet JEuGt b S BRRB R HAREH Shafal I A0 oPeRBTRASY | 2L
(e.g., |LOvettorthés appliteto thewske/logicgin, gehkia)ing fn tolgrup it lié captured anttehai ns on

the input-side of the logic 19 under test would be interconnected with
pr ogr anmab|TESIF RIS Y FHAAt &, Oi{)- op&Fiaes dhe PYRIEOUS: REBIPBE [ iS@ﬂfﬁoéPmd to

recursivel yehublsiogh Bhdifila T5Ld NQeRtdPlthn Shdfn HCON1. CRAMINS -thEAataexanpl e,
progr essi ngeélror%tc e tllnnear Qﬁévg{ﬂ%e.ég, %ﬁl to the outer ?géetfl 4
from the registers/scan chains at OL0 and OL1 are shifted out in parallel to a tester

20  (e.g., smart test generator-analyzer 214) for observation in operation 618.

By having a mapping of the pipeline and the test data vectors, test data
pipelining is realized. In particular, the mapping allows the analysis of output test
data to take info account the effects of logic in addition to the logic under test in the

25  scan path. Any suitable mechanism or technique may be used for performing the

mapping operations. For example, a smart tfest generator-analyzer 214 may be used.

Figure 7 is a flow diagram 700 for scan testing logic based on Figure 4. At

operation 702, an integrated circuit is manufactured with scan chains or an

30  integrated circuit is to be configured with scan chains from programmable logic.
The integrated circuit is implemented on a programmable device such as a PLD. At
operation 704, the PLD is programmed to recursively build a pipeline for the input-

side scan chains. For example, progressing from the inner level {(e.g., [L0) to the

outer Jevel (e.g., IL1) of the pipeline, scan chains on the input-side of the logic
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(e.g., O.I) of the pipeline, scan chains on the output-side of the |logic

under test 5 would be interconnected with progranmabl e interconnects. At
operation 708, known vectors O and 1 are |loaded in parallel into the scan
chains at ILO and ILI respectively. At operation 710, vector 0 is applied

to the corellagic under.test in generating. al Ut pu U A SoaaRiyred into
t he scan ct‘i‘gfl?‘fqgﬁt Vﬁ%“%ﬁﬂmﬁﬁ?%?@g ng?@gﬁméblgﬁtgﬁcé%ﬁﬁgﬁt oAtts‘fPe scgn chain
at |LO At 70Betha3PLDis plEaramuRa e techrdiGelpBhild € ifeliné e thobetbliogidesdander t est
in generating an output that is captured at the scan chain at QLO

Further, t I¢Baips.dior suample: piograssing fivom e inperreyal de-2s Qi) dasiower v to t he
scan chain 4y Bnalkys th . LNt | : QLI are
ahi Tt od_outCEn PaDafh HF pistinh, Sl ik dul B8 ERPSHRHeRe Baic il
Ext r act sng wiuddbé igerbaiinected witiprérampiabde intergaimectal , any information
relevant to the facilitation of test data pipelining is referred to herein
as pipeline information. Figure 8 illustrates an integrated circuit 20 800

that includes piﬁﬁ%pie&%oh 08! ERIwWrOTectds 09kl Akt ﬁ%ﬁe@%ﬁﬂl&%ﬁo&hé’ 8ahous

embodi ments of the'present invention. Integrated circuit 800 is actually a
portion of chains efibd edd dLt cespectd@ly. Fitneperavar’ idhaectol 0lia apebed tethet he

resulting test, data vector fromlogic, 304a, .a correl.ation/ mappi ng between
the i nput (Blogk mabB o eirehhe 3 Bui th i ealireg g DB CTBr e e nade.
The corpel afi@NFIRRE REctBRY iRhHRUSHI MeGcdR chhinhatling. UAE oféradély 712,
conventional nethod or technique. The correlation/ mapping includes the

transl at i orvetter viesnapplieid riputhet eose/lagae andesctest inngeneratings an tquiyt ttbat isdat a

vector of logic .3 and iLdentification of correspondi.ng {.eqi and/ or
scan_chai n<atafecthe &3 bR iyl Chudlhr e RS EORRRI AP shR S fs”f o
ot her | evelsgarPéhdigr ORO Be thenRaielail @t OLTL | EihlYy, iRd@ata T theSstd thdigsit

gener ator-anal yzer nentioned above 30 may be configured to determ ne the

correl ati ofiHst Q! arshifipdiqvs in paraliel i p éests fenpbsayatieein apsradiongilfel i ne

i nf or ion, Figure 9 illustrates an integrated circuit that includes

pi peliné information for extraction according to various enbodi nents of
the present invention. BEdxtectih®RPipefingindednatienFxamplesr mati on may utilize
any conventional mapping techni que or nechanismfor determning the |ogic
transl ation of vectors. For exanple, a smart test generator-

In general, any information relevant to the facilitation of test data pipelining

is referred to herein as pipeline information. Figure 8 illustrates an integrated circuit

20 800 that includes pipeline information for extraction according to various
embodiments of the present invention. Integrated circuit 800 is actually a portion of
integrated circuit 300. Since scan chain 101a receives the resulting test data vector

from logic 304a, a correlation/mapping between the input test data vector and the
resulting test data vector can be made. The correlation/mapping may be determined

25 with the use of any conventional method or technique. The correlation/mapping
includes the translation between an input test data vector and a resulting test data
vector of logic 304a and identification of corresponding registers and/or scan chains

on both sides of logic 304a. Other correlation/mapping for other levels of the
pipeline may be similarly made. The smart test generator-analyzer mentioned above

30  may be configured to determine the correlation/mapping.

To further elaborate on the extraction of pipeline information, Figure 9
illustrates an integrated circuit that includes pipeline information for exfraction

according to various embodiments of the present invention. Extraction of pipeline
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anal yzer (e.g., 214) may be used for generating a translation mappi ng of
vectors across logic 904a. 5 Based on certain known mappi ng vari abl es,
unknown mappi ng vari ables may be determ ned. For instance, given that

| ogi ¢ 904a includes conbinatorial logic having an "OR' |ogic el ement 904al
and an "AND .l ogic ele t 904a2 and.that a .kn test data vecter (1,0)
IS provi de&“ﬁoﬁn Pl-agrif}ﬂlzgc% E(F%eﬂmgﬁ? m@png \Aﬁ%‘g’tl% i rﬁéc?ﬁm(’)lﬁﬁlofmnnppi ng
of a corr egpendinip #RSbgidatmsibEch OF vedtors. OFSY) exafhpld) BUEm&t d&t gegmatochai n 901
al can be perforned. In general, once the registers for scan chains 901 a0

and 90lal &rdyrafdsts.f31dd manbe waedch ort graevpting ar trasmslatiogi manping phvedets scan
chain),'a ta&%gﬁo%{ci%ﬂannppi ng can be determ ned by using a known test data
vector from'scaf chain 901 a0 and know edge of |ogic 904a to get the
correspending test 15 data vector in scan chain 901 al. By having a

pi pel i ne mappi ng. and/ or a vector mapping, a failure analysis FA) platform
or system may ba3@¢hPBRSHAEY known dRaArig Veriabies JUSIHh pﬁﬂ}ﬁ‘é‘,g”ablf’sFA

pratform i sy RA%S Afiide. 'k cé,tgﬁvér{}ﬁwlo%cfgﬁhé RS ESRbinaRri¥lbhicas a
pi pel i ned scan vector and unrolT the pipeline sequence to determ ne
whi ch vect havingusEOR Hegicfaerhent &04sk amd @t CANIY idgiacionent Y0dadfand it a

i ntegrated_circujt. .[For exanpl assune, that , there are two input-side scan
chai ns SCI KaRyngtest 4ats tvﬁ‘ﬂo’bdllg’autl-ssplﬂ’é“d? al? dIpgtide &ea ghapn S‘%a.ab’Tﬁe scan

chai ns 1§C deffrdinafios or #2g iﬁg%f%rd%n%ﬁfdﬂd t8st Uafa RCRAY(1,10,MahiiRgitlsRieel . Al so
assume that two input test data vectors VI and V2 in scan 25 chains SC and
SC2 have a scay ¢hegpBobilneantheopasfarmed. tle genatal; ancecthe aegisty® ndcamchaing scan

chai ns SC3 SC4. ed o ing. of .the two input test data vectors
Lo the tvio uipatd P0Le i SHepferdteiing ettty BT TL A ST oot
data vect OlcHaiififh tritflatioA GRshpRaciant B ddtemfiféd B REAE aNGowmPiest daestectlat a
vector. Since each test data vector is associated with a particular scan

chai n | ocatn seant ¢hain A kagrandelenosyledsgi of logigPdp 1o gebthieRPTEFPAEEIL &St ure in
the i ntegr %%E%e%ﬂo'f%i"éc%n%ﬁ%n%lﬁjem ified. In general, failure analysis can
at an 1 ndrvi 3

be perfornme ual" " véector |level. However, for a conplex case
such as where the pipeline stages share the same chain, it may require
TP NG O N fahe 2 mpeling mapring and/of § Yostor Mappig. 3 line Analyass:
(FA) platform or system may be implemented. According to various embodiments,
a FA platform is operable to take as its input a failing vector as well as a pipelined
20 scan vector and unroll the pipeline sequence to determine which vector caused the
failure associated with a portion of the integrated circuit. For example, assume that
there are two input-side scan chains SC1 and SC2 and two output-side scan chains
SC3 and SC4. The scan chains SC1, SC2, SC3, and SC4 are each on a different
pipeline level. Also assume that two input test data vectors V1 and V2 in scan
25  chains SC1 and SC2 have a corresponding two output test data vectors V3 and V4
in scan chains SC3 and SC4. Based on a mapping of the two input test data vectors
to the two output test data vectors, a failure in one of the output test data vectors can
| be traced back to its corresponding input test data vector. Since each test data vector
is associated with a particular scan chain located in the integrated circuit, the
30 location of the failure in the integrated circuit can be identified. In general, failure
analysis can be performed at an individual vector level. However, for a complex

case such as where the pipeline stages share the same chain, it may require mapping

of individual scan cells (i.e., register) to each test data vector.
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Programmabl e Chip Exanple Figure 10 is a flow di agram showi ng a techni que
for inplenenting a system on an el ectronic device (e.g., programable
device). An input stage 1001 receives 5 selection information typically
froma user for logic (such as a processor core) as well as other
conponents (such as a nmenory block and scan chains) to be inplenmented on
an el ectronic device. In one %Q&W’Bilﬂéﬁ}bl?ﬁ@ﬁ Pl¢ eceived is in the form of
a high-level |anguage program A generator program 1005 creates a |logic
description 1003 and provides the |logic description along with other

cust om zed 10 | digure 116 inafloofdiagramrshetwingd teshmitine fir smpleolepiingp h agderand rout e

b omont cAnaR S BRI (2o qeupemnabl Gt Aray et B EeeRley e 1001

of ten akl ousesflPfifbrathtioh dypidallyPREAE L&k | 13AdeRN(sREh GO ARNAQREY cofe)lke used on
an electronic device. In sonme éxanples, conponents provided to an i nput

stage i ncl wddl antathérecomponeptsofsuch yas & umempnndlockeaad $east icb#ss) nde
intellectual property cores. The i.nput stage 1001, ma be r. pcal user
|t or f ace. duPRER AL PG onit Barfl ' FhE ARG mE B KRR TIRRTUE

i nf or mat i 0fernd B€ aihighievel IBAgIaEB Yradr&a. D gandrast piopii 11808 cvated albgigr am
reading a 20 data file such as a spreadsheet, database table, or schematic

t 0 -acqui r e dsssription P03 anflarprideoihe Ipgie fesstiptien algas Toith ofics gusteslized out put
aen Lo ; t . e evni ool
ol et St Tk o S of HRKES \QUE TR RO RS PRl | B VBETD

and gener atcenfigiiraoir todistorallpivi Dlogid ddscripic walid miplémentedrph amehictmonict he
vari ous nodul es. The generator program 1005 can be a Perl script creating
HDL fil es VR as Verilog, Abel, VHDL, and AHDL files from the nodul e
information entered by a user. According to various enbodi nents, the
generator program 1005 identifies scan chains and provi des access ports
for each scan cHai one Omanpigl ani tilpwB0 spga el @ lorofpano gallemisc apletfidn tands i s

System on a Progranmabl e Chi SOPC). Buil der avai]ahle,from Al tera
Cor por df i oR2BmekLHa ? “(‘E‘R‘ipo?g’étsg@n}é? A5t OBr B PERTIHE5IVAs 0 BB des
i nfor mat i oRyhBpRs S YOthP&iRhE #}ﬁ@ide&%7aﬁ Qnilt! fuedTlelidel BRelic@nfA® property
autonatical 'y synthesized. Tn some exanples, a'logic description is
provi ded dumctions,ynégafimctiens, gmbintelldowRlproptrét omen Vi inpuisstagsrhp8h arvy's
sel ected b){)e% gl%%ﬁlrica?ruger interface using wizards for allowing efficient or convenient entry
of information. The input stage may also be a text interface or a program reading a
20  data file such as a spreadsheet, database table, or schematic to acquire selection
information. The input stage 1001 produces an output containing information about

the various modules selected.

In typical implementations, the generator program 1005 can identify the

25  selections and generate a logic description with information for implementing the
various modules. The generator program 1005 can be a Perl script creating HDL

files such as Verilog, Abel, VHDL, and AHDL files from the module information
entered by a user. According to various embodiments, the generator program 1005
identifies scan chains and provides access ports for each scan chain. One tool with

30  generator program capabilities is System on a Programmable Chip (SOPC) Builder
available from Altera Corporation of San Jose, CA. The generator program 1005

also provides information to a synthesis tool 1007 to allow HDL files to be
automatically synthesized. In some examples, a logic description is provided

directly by a designer. Hookups between various components selected by a user are
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22 also interconnected (e.g., via progranmabl e interconnects) by a
generator program Sone of the available synthesis tools are Leonardo
Spectrum avail able from Mentor G aphics Corporation of WIlsonville,
Oregon and Synplify available from Synplicity Corporation of Sunnyval e,
California. The HDL files may contain 5 technol 0%1 specific code readable
only by a 8lpaimespanachs) (eEaovia piagsapmpblejintigecogpec %r‘i’ﬁ@ FECHCTRIOE A s 0 be

passed 10 305t Hd Al sydifiodtd kbold Br@MRLASIR! StclinORalbibi iidnh 11 L he

art, the inpu age nerat or program 1005, 1 synt hesis tool 1007
can be sepMait®@ @raphica@orpdiatiorl 6f WillsentillecObegpneaed Synplifepeilable fipmogr ans

can be a database file, alo or sjinmplLy.. nessages ansm tted between the
prograns. PIRPISHnPEOTateR; gﬂ&ugrpy‘w\q t¢#1’§°‘5“‘\‘i ?ﬂw Hgﬁs{“lﬁ a8y (for%lga”il nput
stage 1 Olt&ﬁﬂolégﬁgpézﬁ?é@cm%%eéhaﬁﬁc&dly bY@ keSS RY13007. AW YilekGRHS5 t o
al l ow the generator programto create a | 0gic description. Simlarly, the

gener at or phispgoiatmewalspbepasked tond simmatiosrioeli rect |y to the synthesis tool
instead of 15 witing HDL files. Simlarly, input stage 1001, generator
program 1005, and synthesis tool 1007 can be integrated into a single

program A user A¥ByilpdeCsprotiitéd by SRNHO BN inMEUAre Sthandpwansthge €00iat ed
program can then take the user selections and output a |ogic description
in the for geedratar poogsymtINOs; andisynshasisstooll @oean besenapate PEISEmS.| d&¢ Any

hani f | Ct i t.h | | fpl I I
Gevi oo Ps. PRPERFERE bR ulecFaafbfiekfind Sl BR L ARILES 86 ERAFERIT 2. ous

enmbodi ment gneséage® Gasnil@tsE betpicen thd progrintsDIFdrickampleliistead ofi writg a fbel |,
AHDL, or Verilog file. A logic description nay be in_ various sta&gs of
processi ng i aorEefhe frput stage Q0 lecan;ss HFS%%%FF@ y &0 e penerafpL PO, s ¢ o

the final GansiguiBh B0 sBierhf piRNkG%o AEROROAE defrlhidf! simlRAGI MBS, 2
| ogi ¢ description s a gynt eS|pz netli1st such as an Electronic Design
| nt er changgefantoaprdgnpn tcafriprevidEidforinatioh diractFEDRtheislyathisis trnd insteadpife of a

A Synt Réer iig Mo lssn Sae T Fse Ty gepmr oL LT gls  or
e cor o L Pl 2 onar do Spectrum
avai | abl e from Mentor G aphics Corporation of Wlsonville, O egon and
Synplify avail al?i %sérrlgg?r select various component modules and an integrated program
can then take the user selections and output a logic description in the form of a
20  synthesized netlist without intermediate files. Any mechanism for depicting the
logic to be implemented on an electronic device is referred to herein as a logic
description. According to various embodiments, a logic description is an HDL file
such as a VHDL, Abel, AHDL, or Verilog file. A logic description may be in
various stages of processing between the user selection of components and
25  parameters to the final configuration of the device. According to other
embodiments, a logic description is a synthesized netlist such as an Electronic

Design Interchange Format Input File (EDF file). An EDF file is one example of a
synthesized netlist file that can be output by the synthesis tool 1007.

30 A synthesis tool 1007 can take HDL files and output EDF files. Tools for
synthesis allow the implementation of the logic design on an electronic device.
Some of the available synthesis tools are Leonardo Spectrum, available from

Mentor Graphics Corporation of Wilsonville, Oregon and Synplify available from
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23 Synplicity Corporation of Sunnyvale, California. Various synthesized
netlist formats will be appreciated by one of skill in the art. A
verification stage 1013 typically follows the synthesis stage 1007. The 5
verification stage checks the accuracy of the design to ensure that an
internedi ate or .final design realizes the_expected.requirenents. /£
verificati Wgh%geéwﬂre%ﬂn i Srvides (@l i on*Ys| Wﬁmﬁt{nﬁ‘%@tanal ysis
t ool s. TOO'fénﬂ-a%wﬁiﬂ%‘%ﬁré& o@bl B b \kin PRELGation of inputs and the
observation of outputs w thout” having to I npl enent a physical device.
Simul ation tools provide designers with cost effective and efficient 10

mechani sns for both.functi onal dtimn erification of a i )
Funct i onal veri‘af iVE‘a{"‘i"f’@r‘?ni _ |\P§§W8g‘1¥ ??% s e |SYnEst St&%%rlgﬁ'on ©
i ndependentyefficdtion ste c_ﬁf@ék%'tﬁc?éc%hia@? %fﬂi@&feﬁ?&@é@uﬁl&m asingdnedidRlays are

di sregarded. Tim ng verification involves the anal ysis of the design's
oper ati on Wineh design trealiaey the|expectedsaequiremenlsd, Aaneribeation staga fpically

requi renents . for se ntial. devj.ces s . flip-fl . - CONR{ d. Sone
cvai 1 bl o ST ORAEaLIt R iR ot ol AR S iAol B

avai | abl e fappHaativh OF sfutaidOkE absaRatih ssiyitaivithoutQalvirfgoworigplaumhi @adence
NC- Veril og and NC-VHDL avail abl e from Cadence Design _Systens ? .San Jose,
Cal i f or ni aphagicaldevise. Sunulptiomicolsprayidedesignens with gost gHesfivg ¥d $thgietet | i st
file c b A hysi.g i : 0,4 Wdin and
rout e Hna RERTEHE Sot Bl KaLAsHa) SEY el ke o B O et e

| ogi ¢ cel | sefificatimedifdlees abie ccieduit’® nlogical @petatioge indepentivat eofl eunig and
connects wires between the inputs and outputs of the various |ogic

el enent s iﬁoa%@awc@am%erﬁa@%&srgém%’aa{ siegifedrent an el ectronic
design. The device can also be physically tested at 1023. 25 For
programmabl e | ogi ¢ devices, a progranmmable | ogic configuration stage can
t ake the out put Tamingheenficationamsolvesitthe tudysis of ghe glesignishepdrafifinc waldyi ce

ith th t terized nodul es. . Accord i
onbodi rent SPE Selagh o et doRh, P8 < g TR K R atbAeiRsL nge
are providedch f fifpenspsains H&afﬁﬁle@.emh&mmmbig ﬁiﬁiulatﬁtm&bbla_bﬂl@udd SyRopbyser a

Corporation of San Jose, California. As w be appreciated by one of
skill in tCSr¥VSSa andrSaitogcaf avajlableefpe, Spiapsys &ieiporaiien of Hpgyvale,

progr ammab l(?alilfc?lgiacan%%gdegger ﬁb‘-@é‘m&é’ %& N@{}I—ﬁ, Waﬁ%l%%dﬂ@aﬁ%@be‘é?gﬂ ous

Systems of San Jose, California. After the verification stage 1013, the synthesized

20 netlist file can be provided to physical design tools 1019 including place and route
and configuration tools. A place and route tool typically locates logic cells on
specific logic elements of a target hardware device and connects wires between the
inputs and outputs of the various logic elements in accordance with logic required to
implement an electronic design. The device can also be physically tested at 1023.

25

For programmable logic devices, a programmable logic configuration stage
can take the output of the place and route tool to program the logic device with the
user selected and parameterized modules. According to various embodiments, the
place and route tool and the logic configuration stage are provided in the Quartus

30  Development Tool, available from Altera Corporation of San Jose, California. As
will be appreciated by one of skill in the art, a variety of synthesis, place and route,
and programmable logic configuration tools can be used to implement various

techniques of the present invention.
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techni ques of the present invention. 24 As noted above, different stages
and prograns can be integrated in a variety of manners. According to one
enbodi nent, the input stage 1001, the generator program 1005, the
synthesis tool 1007, the verification tools 1013, and physical design

tools 1019 are integrated i a single.program The.various stages are 5
aut omatical | y rﬁl}fg‘?ﬁa{‘l}o&ﬁs‘gﬁg@m St?%?%énﬂgé‘?&a‘?ﬁﬁmb?%ﬁ%%‘gﬁl?é@gﬁf e the
user sel eqfeghiypdul ﬁ%@or&ﬁ@qlﬁa&ﬁ éinﬁd&hﬁntgﬁ%cfﬂgﬂﬁ 5@Be 4601 CthiN@nbagirc f or

i npl enenting the various Selected nodules, and inplenent the el ectronic
devi ce. As prgrimbi)05a g sxitlesisdobly 1¢He thé vetifitationriookkel tpt andiphysi¢ales and

EDF files are r | es of J pogic.description ' fogrmats as
wel | as i ntadg‘cflﬁ]gﬁocglf §éigprﬂr? érth%rgtgﬁt]ﬁ%l gn%ng?el@ r?a%%embt Flé?o\;élgé%%% egeso@%a | ogi ¢
descri psi oRutofiaBieAlBy Hdn hhd WShiRE®Ss té 4 Wit Calhe prapedrecas Vst em tiatseean be
used to inplenent ‘a programmabl e chip having pipelined, scan chains. The

conmput er  ssleetedimotinles; gaserates loghy desgrnton depigfingdegisdps implementingher ef er r ed
to as central. 1s _pr SSi nj tS:. O t e | ed tQ: i ces
i ncl udi ng r‘{grrlr%rys%ﬁég %@%?%aﬁy%&%%ﬁeaggggﬁﬁe%ﬁ% ojréJXS \%&ﬁ/\%}é menory
1104 (typi eppleyiatedrBashe ofrkiyl ifretiedry, HIOL. filé3QMd)EDH fitespromessenmpld0d can be
configured to generate a test  sequences for any desi gnated processor. As
is wel | kndvagicriesereption; Othenfle formafs as yygllsas giqrpal e FAmLepLese{giions
instruclf)i O%e&maféj%@fn?) 1293 %désgri%@@n-CPU and menory 1106 20 is used

ste

typically to tran ata a Instructions in a bi-directional manner.
Both of these nenory devices may include any suitable type of the

conput er -r eadabl ¢ nedj a .descri bed_aboye. A mass storage device 1108 is al so
coupl ed bi - di re@t‘%ﬁa*ffﬂ’ﬁﬁra@gual%?aﬁrﬁ?%“&ﬂ @@iﬁn&d ti%BRaP® dBPA Qi or age

capacity 25}@{&%&% bRighaisiRatae hfaﬁﬁgcﬂgﬂkﬁeﬁrscraﬁatﬂﬁﬁls? maei @ngrdr i bed

above. The ss storage device 1108 may be used to store prograns, data
and the |i lsgstemdl 09 intipgéscanyl purabereafoprdessyors tid P2 delseaeferad So¢h castral har d

di sk that is slower than The ss . storage. devj.ce be used
to hol doa IFRFSTYE JPItIT-Ga00 BPL o5 SRMRa St dorion: BRiufs ity 9
property fyfpidaflpS raddomickesdSmémMbg] BRERAMON nﬁ&mﬁ?mﬁlﬂat@mﬂ@rd rgad| ar
configurations. Tt will be appreciated that the information retained
Wi t hin t he onlismempe, ot eRAM7) ¢ dha pogessarl 109 sam pp eeftausrddoeaerate ajgst
sequences for any designated processor. As is well known in the art, memory 1104
acts to transfer data and instructions uni-directionally to the CPU and memory 1106

20  is used typically to transfer data and instructions in a bi-directional manner.

Both of these memory devices may include any suitable type of the
computer-readable media described above. A mass storage device 1108 1s also
coupled bi-directionally to CPU 1102 and provides additional data storage capacity

25 and may include any of the computer-readable media described above. The mass
storage device 1108 may be used to store programs, data and the like and is
typically a secondary storage medium such as a hard disk that is slower than
memory. The mass storage device 1108 can be used to hold a library or database of
prepackaged logic or intellectual property functions, as well as information on

30 generating particular configurations. It will be appreciated that the information
retained within the mass storage device 1108, may, in appropriate cases, be
incorporated in standard fashion as part of memory 1106 as virtual memory. A
specific mass storage device such as a CD-ROM 1114 may also pass data uni-
directionaily to the CPU.
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incorporated in standard fashion as part of nmenory 1106 as virtual nenory.
A specific mass storage device such as a CD-ROM 1114 may al so pass data

uni - directionally to the CPU. 25 CPU 1102 is also coupled to an interface
1110 that includes one or nore input/output devices such as such as video

noni tors,

di spl ays,
t abl et s,

track balls, mce, keyboards, m crophones, touch-sensitive
transducer card readers, nagnetic or paper 5 tape readers,

styl USesaU YQHESs Mo ams itd i GnfoROON Pt i@ludek it otthére known

i nput deV| ces such as, of course, other conputers. Finally, CPU 1102

opti onal
a netwo

| y ingug/obtput dcmc@dsupb ag su@ln@suv@po srontitorse swpkrballs anicensyheardbr k usi ng

rk connectio shown er al | t 111 th such
connecti on mllclf‘)pg?%es Boﬂll?gﬁf)rfséqv d‘gfﬂﬁ St B Gy ea reés(ienlf1 e'lﬂé; gﬁéﬁgl on from
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it or scope of the invention. For exanple, nmultiple scan chains

i ndhapdveiré et sodtwaneiatber of registers may be used to construct a

of any desired depth. For another exanple, any nunber of access
ncl udi ng just one access port) may be associated with a scan chain.

her ef or eHenhatdas klaientshdeidibed! vone bBay Heetpifhred t6 dcacdsude al |
s n?l?lgple software modules for performing the operations of this invention. For
| example, instructions for running a generator program, input stage (e.g., a wizard),
and/or compiler may be stored on mass storage device 1108 or 1114 and executed

on CPU 1102 in conjunction with primary memory 1106.

While the invention has been particularly shown and described with
reference to specific embodiments thereof, it will be understood by those skilled in
the art that changes in the form and details of the disclosed embodiments may be
made without departing from the spirit or scope of the invention. For example,
muitiple scan chains each having a different number of registers may be used to
construct a pipeline of any desired depth. For another example, any number of
access ports (including just one access port) may be associated with a scan chain. It
is therefore intended that the in'veﬁtion be interpreted to include all variations and

equivalents that fall within the frue spirit and scope of the present invention.
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30 equivalents that fall within the true spirit and scope of the present

i nvention. 26 CLAIMS W claim 1. A nmethod for scan testing logic within an
integrated circuit, the method 5 conprising: shifting input test data into
mul tiple input-side scan chains in parallel, wherein at |east two

i nput -side scan chains are on differgn Igvels of a pipeline; applying the
input test data fromthe nultiple iﬁﬁﬂ%ﬂg:de scan chains to the logic
under test; 10 capturing output test data fromthe | ogic under test in
nul ti pl e oWpHRRj de scan chains, wherein at |east two output-side scan
chains are on different levels of the pipeline, the output test data being
the result of the-i-nput-test data bei-ng applied ~to-the:logic under test;
and shifting the output test data out fromthe nultiple output-side scan
chains in 15 paraAlmgdthodfor kb et theef withidi 40 ihtegrdied Cirduit, fige inbthod - si de
scan chains on different pipeline levels are interconnected. 20 3. The

met hod &f EPEPHFIRE: wherein the out put-side scan chains on different

pi peline | evels _ame |r n et apy.-of -cl al 1-3,
wherei n each ofsﬁﬁ@m%gﬁutﬁgﬁdgﬁéﬁgm §ﬁ%%§§}§ﬁ%§9§zgﬁﬂzﬁﬁ?ﬁi“g nﬁ@?ges a
plurality ofheredwutsleast swo dipubsidébeanmdiatigdredn diffatem kyvelsio€npipeliat; | east one

i nput -side or output-side scan chajn is associated wth anpther | ogic
within the int edPRYEW e ARRK test ata fram e miple ikl 53R Rhingtogthe o

nmet hod of giAak fhdbr tidperein-at | east one input-side or output-side scan
chain share “a pair of access ports. 27 7. The nmethod of claim4, wherein
the plurality ofcaptegng betpst tdst dataifnputthes logee uedeartest mainmmilapld oatpubsidput - si de

scan chain sean c a?nrsf w%]:are?n S least QW%CO%rt]pu%-gladensban chains are on different levels of

7 the pipeline, the output test data being the result of the input test data being applied
to the logic under test; and

shifting the output test data out from the multiple output-side scan chains in

15 parallel.

2. The method of claim 1, wherein the input-side scan chains on different

pipeline levels are interconnected.

20 3. The method of claim 2, wherein the output-side scan chains on different

pipeline levels are interconnected.

4. The method of any of claims 1-3, wherein each of the input-side and

output-side scan chains comprises a plurality of registers.

25
5. The method of claim 4, wherein at least one input-side or output-side
scan chain is associated with another logic within the integrated circuit that is not in
the scan path.
30 6. The method of claim 4, wherein at least one input-side or oufput-side

scan chain share a pair of access ports.
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8. The method of claim4, wherein either applying the input test data from
5 the nmultiple input-side scan chains to the |logic under test or capturing
output test data out fromthe logic under test in nmultiple output-side scan
chains conprises: shifting test data synchronously on a clock cycle. 9.

The net hod of cl-ai+n .8 rei.n. ei,t her applving.the in : a.from 10
The metirer o b Mne g bPtRindls, WRLeRRE YIStk OF d e of B nrifiile O™
out put t estsclipdhairOatd dof cuitpnitRRicl 0@ ehalingle hatt@Fh comnivul schptigimut put - si de scan

chains conprises: shifting test data in unison. 10. The nethod of claim9,
wherein either applying the input test data from 15 the nultiple

i nput - si de scan ¢Chsi t ole" L : tur t est
data out fromt ﬁ'e o%ﬁ?lgﬁlgﬁ(?g?la{lﬁeigﬂf %%%ﬁ@%ﬁd@p%l%%ﬁglﬁlgggsé% chai ns
conpri ses: theshmultiple infvesidedaimclisvocthe dogio uhHed test. orldaptuiing cmgpiidestof cl ai m

10, wherein either applyin he input test data from 20 the nultiple
i nput - si de 9@yt g‘ﬁ%tﬁ%k{%" g?fiﬁ feshinanpliigleoutpitsids scanchains QEPSEEHut  t est

data out from t?tﬁiiﬂ!ri]lgggi.egtdé%cﬁﬁﬁ&uél;‘ﬂoﬂbfo@c?'c?cl@.m put - si de scan chains

conprises: shi test ddata between registers. 12. The nethod of claim
1, wherein applying the input test data fromthe 25 nultiple input-side

scan chains to the_l ogi nder .t est .conprises: | yi n t | east.a portion
of the input tegteghﬂt’g‘cﬁ‘ﬁaSgﬁ{?“Heg?i {eﬁ)g ?@Pﬁ?‘&&ﬁtlgpﬁr%%%ﬁﬁeﬁq%gi c
under t;gst thelBwmltife inPRiBRIE sedn ShahdMolhe l&%l@rlﬁld& ©APSUEdpRftinghsuiputtepat t est
data fromthe 3 Io'gl c under test in nmultiple output-side scan chains

conpri ses: dafswy from e logieundes tesbint ultiplsfoutprd-sisigtspan chas cogriges: hr ough a
second logic di Hf?re{%gtz%rté){n t hs% | ogi ¢ under test. 14. The nmethod of claim
1, further corrprsl y%: extracr ng pipeline information fromthe
integrated circuit to identify the nultiple input-side and out put-side
scan chains associated with the |logic under test. 15. The nethod of claim

14, further conpfi $hagetmdeoficlaie: 9 rghepeip eithercanphies Hetinpw testshta fiem _
| nt egr ?Egﬂ ﬂ&{é&pi le tnﬂm@.gﬁ%@én {;&Ens fo" ABSbAL ' BhePlest &5Laptth &itpaUeh ! ogic

ot her gl c ‘under test.
data out from the logic under test in multiple output-side scan chains comprises:

shifting test data between scan chains.

11. The method of claim 10, wherein either applying the input test data from
20  the multiple inpui-side scan chains to the logic under test or capturing output test
data out from the logic under test in multiple cutput-side scan chains comprises:

shifting test data between registers.

12. The method of claim 1, wherein applying the input test data from the
25 multiple input-side scan chains to the logic under test comprises:
applying at least a portion of the input test data through a first logic different

from the logic under test.

13. The method of claim 12, wherein capturing the output test data from the
30 logic under test in multiple output-side scan chains comprises:
applying at least a portion of the output test data through a second logic
different from the logic under test.

14. The method of claim 1, further comprising:
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16. The method of claim1l, wherein the integrated circuit is inplemented in
either an ASIC or an ASSP. 10 17. The method of claim1, wherein the
integrated circuit is inplenented in a programuabl e device. 18. The net hod
of claim 17, wherein the logic under test is an enbedded 15 core. 19. The

met hod of claiml7, furt.her conpprising. caonstructjng.the nultinple
Ut st de_and SPGB EOR Fopf e bl el oG teebely g
i nt er conneghdtiple ifgie-sideQad atipabkide k@i chaihe MbsoeiatedQvithe Aogit Bideg tat.ed

circuit having logic for scan testing, conprising: a logic under test; a
plurality of input-side scan chains operable to receive input test data in

paral l el and tOtl,@@nga?ﬁda@&ai@hﬁéﬁgﬁ%g%fﬁfﬁsig it a for applying to the

| ogi ¢ under tes erern a Nput’- si de scan chains are on
di fferest |evel exthctmgppipelineniiforaition fpoiriheé iihtggatedotitquitt tosadeusicfon chai ns
operable to receive output test data fromthe |ogic under test and to nake

avai | abl e tisaslapnRftestdata through Jogic ethskthgn thedpgic updshteshe out put - si de scan

chains in parallel, wherein at |east two output-side scan chains are on
different levels of the pipeline. 30 21. The integrated circuit of claim
20, further conibi diegnethocbinlaiim 1 ywhdreinrthe imteprated tiscifits implenentadng t he
rrultipleinﬁt-si can ins and the multiple output-side scan chains
to the Iogieg itk gpan 22. The integrated circuit of claim20 or 21,
wher ei ngeach i nput-side and output-side scan chain conprises a plurality
of registers. 23. The integrated circuit of claim22, wherein at |east one
i nput -si de or 37oUtheumetbodief daian l.cwibdreinithe sdegrated cischitvstimplamentedrin| ogi ¢
wi thin the integrat P ircuit that is not in the scan path. 24. The

i ntegrated age agecgﬁvfﬁem 22, wherein at |east one input-side or

18. The method of claim 17, wherein the logic under test is an embedded

15 core.

19. The method of claim 17, further comprising:
constructing the multiple input-side and output-side scan chains with
programmable logic and interconnects in the programmable logic device.
20
20. An integrated circuit having logic for scan testing, comprising:
a logic under test;
a plurality of input-side scan chains operable to receive input test data in
paralel and to make available the input test data for applying to the logic under test,
25  wherein at least two input-side scan chains are on different levels of a pipeline; and
a plurality of output-side scan chains operable to receive output test data
from the logic under test and to make available the output test data for observation
from the output-side scan chains in parallel, wherein at least two output-side scan
chains are on different levels of the pipeline.
30
21. The integrated circuit of claim 20, further comprising:
a plurality of interconnects for connecting the multiple input-side scan

chains and the multiple output-side scan chains to the logic under test.
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out put -si de scan chain share a pair of access ports. 10 25. The integrated
circuit of claim?20, wherein the integrated circuit is inplenented in

either an ASIC or an ASSP. 26. The integrated circuit of claim 20, wherein
the integrated circuit is 15 inplenented in a progranmmabl e device. 27. The

integrated circu,t of claim26, wherein the |ogic under test is_ an
enbedded core. % 2@1.16 SIS 88?%85"&‘? |?rg]gv@}65?lﬂ1e§61} ?W@%Fr?nfihe i nput
test data GuffMtisERScan@Haln (neprisePH bhirGRY oflddgster@ct ors and the out put test
data conprises nmultiple output test data vectors. 29. A systemfor failure
anal ysis of a sem conductor device, conprising: 25 an integrated circuit
having a 1 0gi ¢ undequ GRberuel kb !of BT ShillFeid G feast BAL Bipue 80 oyl Ui pl e
out put - si de scan chai ns; E¥mait 1 est genérator-analyzer; a nmappi ng of

pi pel i ng i riputsideanarb elisle énadsbdatod Mithodrdtlicn Pogic sittiin the dntegaled diguiind

mul tiple oufput-side scan chains of the |ogic under test, the mapping 30
gener at ed BYatapeotdpghascerBithgener at or - anal yzer; a failing output test data
vector at one of the output-side scan chains, and an input test data vector
at one of the input-side scan chains that corresponds to the failing

out put test dat 24veThointhzmsted cinouit lod okamp22)gyherdie at dgast obe sputraida orect or
being correlated.with failure i.n the integrated circuit. 30 30. The

syst em of aum%sﬁﬁ,sc%fg}a& share apaiy Bss@Bﬁgri ses extracted pipeline
informgli on fromthe integrated circuit to identify the nultiple input-side

and out put-side scan chains associated with the logic under test. 5 31. The
system of cl ai m230, Thaentegratadheirewitppl nlgine AAdp vilwesin dhe nrategreted ¢irguél isne

i nformation f{e%gn cElEi ieﬂ%eg‘rﬁéﬁq} Cl I Cld Pto account for translation of test
dat a throdg'ﬁl s B¢ U C under test. 10

26. The integrated circuit of claim 20, wherein the integrated circuit is

15  implemented in a programmable device.

27. The integrated circuit of claim 26, wherein the logic under test is an

embedded core.

20 28. The integrated circuit of claim 20, wherein the input test data comprises
multiple input test data vectors and the output test data comprises multiple output

test data vectors.

29. A system for failure analysis of a semiconductor device, comprising:
25 an integrated circuit having a logic under test , multiple input-side scan
chains, and multiple output-side scan chains;
a smart fest generator-analyzer;
a mapping of pipeline information between the multiple input-side scan
chains and multiple output-side scan chains of the logic under test, the mapping
30  generated by the smart test generator-analyzer;
a failing output test data vector at one of the outpui-side scan chains, and
an input test data vector at one of the input-side scan chains that corresponds
to the failing output test data vector based on the mapping, the input test data vector

being correlated with a failure in the integrated circuit.
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10

30. The system of claim 29, wherein the mapping comprises extracted
pipeline information from the integrated circuit to identify the multiple input-side

and output-side scan chains associated with the logic under test.
31. The system of claim 30, wherein the mapping comprises extracted

pipeline information from the integrated circuit to account for translation of test data

through logic other than the logic under test.
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