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USI NG PRE- STORED WEI GHTS BACKGROUND OF THE INVENTION 5 1. Field of the

I nventi on The present invention relates to circuit testing, and nore
specifically to integrated circuit testing using weighted test inputs. 2.
Backgr oundwo nfeseadtt i on Conpl ex integrated circuits fabeVeRt&@70n a single
sem conduct or chip contain 10 thousands of circuit elenments, both

sequential and conbi nationa %ﬁﬁﬁﬁ gﬂu’é nts are physically
i naccessi ble for discrete s{“falEr% aron éﬁéﬁAggjﬁﬁggcause of the conplexity of

the internal int eI‘COI’lneCtlﬂ;&%[@ dﬁ?[- €S between the circuit
elements, a testing of the indivi CII’CUI el'enents as well as the

overall device integrity has becomes increasingly time consum ng as the
nunber of circuit elenents has increased. 15 Prior art testing of

i ntegrated cpicrGRoURDRIFAYS eNTodi fication of at | east some of the
circuit under-test sequential (or storage) elenents to include a | atch and

a coupl eds switgdotixarhichgphexer), and the serial coupling of these |atched
sequential elenents to form at |east one shift register between a test

i nput gener at or Tikchradent didnfidH relateyb tifcuiN@stip,lafdknbre specdiiiily BitpR&dar e each
controll ed by a system cl ock. Each serial coupling of sequential 20

el enent s i s diredigestieglusing waightad semputchai N or scan regi ster. Each | atched
sequential element is referred to as a scan elenent or scan flip-flop. The
t est inputs 7% Berkgtonad Infoghatigener at or are scanned into the storage el enents
and test results are scanned out of the storage elenments through the scan
register. Each seyuextintegrateicirenits febrishtehaaratsingls sardebinduictondip opntgioupl ed to at

| east one 25 conmbinational circuit element formng a conbi national |ogic

bl ock. | A0 orthrupandspf giecyit elements, bothsaquaniinlang grghinational. These circuit elements

are physically inaccessible for discrete stand-alone testing. Because of the complexity of
the interna} interconnections and interdependencies between the circuit elements, a testing
of the individual circuit elements as well as the overall device integrity has becomes
increasingly time consuming as the number of circuit clements has increased.

15 Prior art testing of integrated circuits employs the modification of at least some of
the circuit under-test sequential (or storage) elements to include a laich and a coupled
switch (multiplexer), and the serial coupling of these latched sequential elements to form
at least one shift register between a test input generator and an output capturing circuit.
The latches are each controlled by a system clock. Each serial coupling of sequential

20  elements is referred to as; a scan chain or scan register. Each latched sequential element is
referred to as a scan element or scan flip-flop. The test inputs from the test generator are
scanned into the storage elements and test results are scanned out of the storage elements
through the scan register.

Eﬁch sequential circuit element is additionally coupled to at least one

25  combinational circuit element forming a combinational logic block. In order to test the
!



WO 02/052288 PCTI US01150807 functionality and performance of a 24 june 2005
conbi national |ogic block, various conbinations of test bits are input to
t he conbi national |ogic bl ock from the coupl ed scan el enent, received

t hrough a scan register. Each scan el enent (except at the ends of the
chain). trawmeni/ts2a®n |input to or receive an output froR¢E¥VHEY coupl ed scan
element or alternatively the 5 coupled logic block according to the state

I T e e T O
generat or 1 *Lat% ut?o péo%wng‘g:gaiﬁo 2o dn{ltﬂyél ﬂ%ﬁﬁq& eﬁeﬂ&g Q:%ﬁgc{]at ed .C' rcuit.

Anot her one of orage eVi € e chain and

provi des a %ﬁ,@&hqg&agg%lsteﬁ@% sgﬁqle&@mgetz@e Al Ulss CARLHED A UT € L hat

be to an output pin e integrate circurt. Once a proper test input

has been Sh'lﬁﬂuﬁg of fefe #n SERDIGH SR couplel sdaﬁel&ﬂn&&laﬁé;nah%lytﬁ‘é(erc' se the
conbi national logic block by transmtting the input state to the

conbi nat i 9najoupiddetichidek dekdbioah sRSPANR AN iplthiemt &upledkitan. iohe bihei r usual
manner. The result is captured by the scan elenent, and transferred to the

capturing CItns:scurégehavmbmmﬁ@ﬁ@nmweahauwmrxbcéma@@amput@o@memést is swtched
into the scan chain shifting node. 15 Prior art testing enploys a random

pattern testingufgeikratgreiRemad i prdvidedfefesnaiper pirtto @@ dtegrated aifcutt hanotheof t he
integrated circuit under-test (and consequently selectably to each

conbi nat i onailne bfalgistoragd dxwicyds farmd et etheriemd o thie chdiremd proetdsesan aftpuk ogic | logic O
bits, wherein the |likelihood of a logic 1 value and a logic O value is
equal | y | i kekopidedo iisoutprticapheisg ¢iregit thitmay beeto apougpuigripbidhesntegraggdi ght ed random
pattern test input generator to generate random 20 bits with probability of
| ogi ¢ valWe ciecuili Phesragriperfiestinpudhas been ehifted iy Degerceidment, K ismwitchelde s, it is rarely
practical to fully test each el ement of an integrated circuit. Instead, a
circuit is concetheconbinational logie blgkiby traism%#wuw@tatw fhaewrna@ya A hi gh

| evel of accuracy generally requires pl ural nunber of ut test sets for
each scan dafbieck Yhiglsissee ?t}@éf’@téla'?Wéﬁﬁ?d‘@’ahmi‘f'&?’yﬂ‘fd“&]é{sé? %t ic i nput

wei ght. A large nunber of 25 circuit elepments therefpore requires a great
nunber of t Ak slemeTHAq ﬁ%ﬁfgwed%tﬁbvépﬂl%ﬁwtﬁwhe Fran °‘§‘“2‘ﬂh°9§‘gé°a‘2005

element is switched into the scan chain shifting mode.

15 Prior art testing employs a random pattern test input generator to generate to each
scan chain of the integrated circnit under-test (and consequently selectably to each
combinational logic block) a deterministic test pattern of logic 1 logic 0 bits, wherein the
likelihood of a logic 1 value and a logic 0 value is equally likely. Prior art testing
furthermore employs a weighted random pattern test input generator to generate random

20 - bits with probability of logic value 1 different from 0.5..

On a production line basis, it is rarely practical to fully test each element of an
integrated circuit. Instead, a circuit is conventionally tested to a given level of acéuracy.
A high level of accuracy generally requires a plural number of input test sets for each scan
chain. These test sets include a varying deterministic input weight. A large number of

25 circuit elements therefore requires a great number of test data that must be delivered to the
2



WO 02/ 052288 PCT/USQO /50807 integrated circuit under-test on a 243ure PH05
basis to mnimze test tine, where a test length which is unnecessarily

hi gh is unacceptable. Furthernore, this large anount of real-tine data
requi res an expensive test fixture. The problemis to provide a | arge
amount of Wepyhesgets to an on-die weighted 5 randonP@FPEgenerator in
real time fashion in order to achi eve extremely high fault coverage. BRI EF

DESCRI PTI ON n%q;%f%ﬁmm@ ger—test res I ¥t%% In(ljur%e tvemstltlénfl ugrfz g% rlé Qfﬁd by way of

exenplary e mtat ons n the

acconpanyi ”gwﬁii M&%ssarhﬂﬁ% il &%éf Ig&t'fée'%ﬁxlth%m{o&d{hﬁ?atr b of%?a’l’ﬁm@' ement s

throughout the figures ure ortrays an enbodi nment an integrated

circuit of t&grg{uggsep[, LRNERL QY. Figure 2 portrays an enbodi ment of a
wei ght gener at or of ? present 1 nvention. Figure 3 portrays an enbodi nent

of a Vi ght Retrm\@%breﬁnﬂcoaoﬁaéa19@&Qﬁouﬁtfoftvtrgmae%t@mmmwagmeentI on. Figure 4
portrays a flow chart of an enbodiment of a nethod for providing a

vei ght ed § esthnddipaiteRt dencddidr @A8A tu@e AskhANorad} &) Bhiéve ExiRmely fiigh guet of control
signals according the present invention. The order of description should
not be constdowggteas to inply that these operations are necessarily order
dependent. 20 DETAI LED DESCRI PTION OF THE I NVENTION I n the foll ow ng
description, various aspects and details of the present invention wll be
descri bed. However |t wil | be apparent to those skilled in the art that

t he present BRIEEBH] , AGSi ced with only some or all aspects of

t he present |nvent| on. For 25 purposes of explanation, specific nunbers,

mat eri al s and coHfipgpsnbinyeotiey vl e desstibed by why dfmxenplaggmbedirenBORs WO 02/ 052288

PCT/ USQ1/ 50807
10 not limitations, illustrated in the accompanying drawings. Identical numerals indicate the

same elements throughout the figures.

Figure 1 portrays an embodiment of an integrated circuit of the present invention.

Figure 2 portrays an embodiment of a weight generator of the present invention.

Figure 3 portrays an embodiment of a Weight Retriever and Distributor of the

15  present invention.

Figure 4 portrays & flow chart of an embodiment of a method for providing a
weighted test data bit stream to a scan chain for a single set of control signals according
the present invention, The order of description should not be construed as to imply that
these operations are necessarily order dependent.

20
DETAILED DESCRIPTION OF THE INVENTION

In the following description, various aspects and details of the present invention
will be described. However, it will be apparent to those skilled in the art that the present
invention may be practiced with only some or all aspects of the present invention. For

25  purposes of explanation, specific numbers, materials and configurations are set forth in
3



order to provide a thorough understanding of the present inventpgnjune 2005
However, it wll also be apparent to those skilled in the art that the
present invention naybe practiced without the specific aspects and
details. In other instances, well known features are omtted or

si npl i fi edwoioneskassli ng apparatus and net hod steps, in BEHEOVH8E7 t 0 obscure
the present 5 invention. Various operations wll be described as nultiple
di screte steps perfornmed in turn in a manner that is nost_ hel pful in
under st andi nejderkreprgide s dhprougtripderttanding ofithn pessay nvention. Slogeer. it yl %@scri ption
shoul d not be construed as to inply that these operation necessarily

L e
order dependesfpparguio giepeskifler in the art fhat thpersgat inyratioyray be praclic Iwgté%t ed. Any
necessary ordering is 10 alternatjvely expressl| ntion or will be
under st ood bt SRsEEGasRagts AR ta&ﬁﬁ‘i?@%ﬁ%@“’%ﬁ@ﬁ sareqnited gl ases "in one
enbodi nent” and/or ."an. enbodj nent " se [ epe ver the
phrases do n%’flg]/ffgg’é%c@g?l?f“?ar?'!@iaé’?mﬁtg&{%eg’glé)?%”éé? 6’%%6%8%?%@3 t hough t hey

may. Referringen%o Figure 1, an integrated circuit under-test includes at

| east one’sc Y5 chain 104 that is portrayed as scan chai ns 104a -104n.

The scan chain r -ioqlgﬁqe%ﬂzrﬁ\ﬂil%des% d asiR refe R@psperiokid if @fin | NCI ude

structured scan el ene not shown) of the 1integrated circuit under-test,

each coupl eda&&naithétgaﬁghg 1 1 b S AtiR theGREDE PRGN BowskCiBRker Circuit (not

shown) of the integrate rcuit under-test. The output side of each scan

chain is COb‘lﬂfeﬁgptfoﬁ stidhid §6¢DR EdnMREYas M imBl 1A Besd bpeiflond hie nétkeBardpit put capt uri ng
circuit portrayed as an 20 on-die nulti-input signature register (M SR) 108

that captur e&dsrfaaseﬁ&ﬁnﬁwparaéulae,%mdmmwpw présaiiibd, elngneasarcordeingts af t er
transm ttal through the scan chain 104i (wherein 'T signifies any
i mpl ementigd gpARiehkissly hbRiondd SRvill @8urziespairte shosdskilledipthered out put bits
with a predicted output bits to determne the validity of the circuit
under -t est . Gemeindte] fie phrds&inmasgbedined” aidbefah entodimeat! g@clused t h t he predicted
out put, conventionally ternmed a 4 24 June 2005 WD 02/052288 PCT/ US01/ 50807
si gnat ure. FapdatedisleHewdverale phmes denot fiectshaglyséfeathesame pobadimeatd by a circuit
differs fromthe

although they may.

Referring to Figure 1, an integrated circuit under-test includes at least one scan
15  chain 104 that is portrayed as scan chains 104a - 104n. The scan chain resides on a die
102. The scan chains 104 each include structured scan elements (not shown) of the
integrated circuit under-test, each coupled to at least one structured combinational element
circuit (not shown) of the integrated circuit under-test. The output side of each scan chain
is coupled to alternatively an on-die or an off-die output capturing circuit portrayed as an
20 on-die nulti-input signature register (MISR) 108 that captures the output of each
combinational element circuit after transmittal through the scan chain 104i (wherein “i”
signifies any implemented scan chain). The MISR 108 compares the captured output bits

with a predicted output bits to determine the validity of the circuit under-test. Generally,

the compressed data is compared with the predicted output, conventionally termed a



signature of the fault-free version of the circuit. The data i npgtJire 006
scan chain is provided by a weight generator (WG circuit 112 of the
present invention that is portrayed as wei ght generators 112a - 112n
wherein as 5 portrayed, WG 112a provides an input to a scan chain 104a, WG
112b provi We$2A8B nput to a scan chain 1126, WG 112c PEBUSHES7an i nput to a
scan chain 112c, and WG 112n provides an input to a scan chain 104n. The

desi gn Of - anaglRdk#RBledibn RaiCh B0z ARNGHAL 8 o ddbfis hiflrPRlck gLl 7 1Yt aught

presently with reference to Flgure y eac wel gﬁt generator 112

is on-die. Eaghuwef@bhuBeRstdbRbridlfbu( Wherein "F signifies any 10
i npl emented wei ght generator) provides a determ ned pseudo-random wei ght ed

input to the scmdatbaipﬁt_t&%scarpchMis%vﬂdédH|y§v@ hiRkReheor (WE] Gl Meani ng here
the probability of obtaining a one bit value for each bit in the input to

the scan chaiip offiphesertatntioRihg podRfa asvkdight dehddiork BRRL YRR wAGEKHEO- r andom
signal inputs froma conventional pseudo-random pattern generator 120

(PRPG);, i 6 tjeerafad WEAl2a'dedvideepdnpat © a schbchlin §ddapW G BRbvidengubiat 1161 (wher ei n
"P" signifies the "k" signal inputs to any wei ght generator 112i and in

whi ch each sthgsab chainpikb, Beti12¢ seddeadn ibppits b scamehamd PR At vasilgmal line). It
is specifically contenplated that the nunber of digital signals, as well as
t he stati st insedides agiisputtp bsran cdindP4uh iThhdesigmbfhoemtoiimenteba waghes and zer oes) on
any one signal input, may be distinct for each weight generator 1121. Each
wei ght genersseestor 11209 pagitdiarly toveht frerentlpwish efen@o Bigwe nxtferslifpdactt he i nvent or s
preferably terma "random wei ght determ ning" signal input 124i (wherein
"i" signifi S¥cighteencigitrdhdia predicr Basklweighiednespior 1d2it(whendimfihggndicgamall i nput to a
wei ght generator "i" and in which each signal input conprises at |east one
separ at e!&i dhalpmened weightgenerstongpreyidesa dsteminer gsepdogprdam sieishted ipput e i nvent or s
preferably terma "Wight Retriever and D stributor” (.\{\RD% circuit 128.
The ternms " rt%ﬁf%ﬁ]i’a\}ve‘%ﬁ?wa’é@’éfsﬁ?‘ﬁleﬁgw ghyrageninghiry thoprobpiligjet Retri ever and
Distributor” shall be.used in this description hereafter. The random 5 24
June 2005 \RBE"@'??ﬁglfg’ggaslﬁ(fﬁ%%ti%@%ﬁw%&dmmw]é’l"hi ning signal input 124

I's a signal mosﬁ%chvﬁ%ligllll?ge%gr%tgrr ﬂ}ir}gcgivés %s?cu&)o?rgﬁéggfsignal inputs from a

conventional pseudo-random pattern generator 120 (PRPG), in the form of “k” separate

15  digital signal inputs 116i (wherein “i” signifies the “k” signal inputs to any weight
generator 112i and in which each signal input comprises at least one separate signal line).
It is specifically contemplated that the number of digital signals, as well as the statistical
distribution of high and low bits (or ones and zeroes) on any one signal input, may be
distinct for each weight generator 112i. Each weight generator 112i additionally receives

20  asignal that the inventors preferably term a “random weight determining” signal input
124i (wherein “i” signifies an implemented random weight determining signal input to a
weight generator “i” and in which each signal input comprises at least one separate signal
line) forming a data field from a circuit the inventors preferably term a “Weight Retriever
and Distributor” (WRD) circuit 128. The terms “random weight determining signal” and

25 “Weight Retriever and Distributor” shall be used in this description hereafter. The random
5 - . .



random wei ghted scan input bits that are applied to the scan 0?4 Nukk22005
and their generation disclosed with reference to Figures 2 and 3
accordingly includes a derivation of the weight input to the scan chain
104. An enbodi nent of a weight generator 112i taught 5 presently with

ref erence WoUXY8k e 2 di scl oses how t he wei ght det er nRGIYUSHL/H¥Gnal

determ nes the applied weighted scan input bits. Each wei ght generator 1121

ot s MR TR S BRSBTS D e
- , th i . o i : . ht dt N
2 o o Rl B B P gt et i

flip-flop ofgeabain G0 whildferfed 1o FlpRSE £ 39QWRANED GicRERD dGRAMR oA 041 and
eventual loading into a conbinational element Circuit. A data downl oad

circuit 168 tHOMMLORGS tRRCHan\WRIHEINY. AR LSYONARA R $dighPebherddd1siddught field of a
data set stored In the nenory 136 to the appropriate wei ght generator

circuit 413irestrfly /thfRreRititd FikirONdidss hbi Ge Weiglt Akter@npisabadr circuit 112
provi ding the corresponding 15 test data bit to the test data bit stream
1481. An enhetini®s the afplitdeighat scatlinpm bia Badhiweiyhd generaldd $126 citpi | ses a control
circuit portrayed as separate units 128, 132, 140 that reads each data
field for thetpdat psegdtrandem weithibit siprabtdgi (IBGeit 6 dgnifisf drgimmémenind t 156, and a
buffer circuit 156 that outputs each data field for a data set fromthe
dat a downl oageudé randeintweighbittsignal,hoere postrinygdhas agrierveeight of ey hituleterndre®i i n
synchroni zation with the weight generator circuit 1121 20 providing the
cor r espondi iy theaandong weight Betermning signehl2de Jhe weigh bibsignalds shifigdinty®1. 1 n t he
preferred enbodinment, the data downl oad circuit 168 conprises separate
units polt r dsfrost fippryefisess chaip 184jdor granger dave thesgan ghpin 18diapd evprtyal and
Distributor” circuit 128, the "Wighted Random Pattern Test Controller"
(WRPTC) ci r ¢efding o combipptionabelenioptaFYSt Mappi ng Unit" circuit 132. As is
understood by those skilled in the art, other sPeQi,fic control circuits
provi de the 25 rafRARRSHHieu LSS drwalengs ety lomsning SR 124 o y 136 to
t he wei ght g_eﬁe aé or 112i. . Lﬁe 24 Ju g 2005 WO 02/ %52288 PCT/ US01/ 50807 and
are speci 11 CHRIOL RSP Siait i e oo K odhR BproRy B PG BEEOT P ance, t he

inventors p rl‘ai @ syl%hronization with the weight generator circuit 112i providing the corresponding

15  test data bit to the test data bit stream 148i. An embodiment of the data download circuit
168 comprises a control circuit porirayed as separate units 128, 132, 140 that reads each
data field for the data set from the memory 136 to a buffer circuit 156, and a buffer circuit
156 that outputs each data field for a data set from the data download circuit 168 to the
weight generator circuit 112i in synchronijzation with the weight generator circuit 112i

20  providing the corresponding test data bit to each test data bit stream 148i. In the preferred
embodiment, the data download circuit 168 comprises separate units portrayed in Figures
1 and 3 as the “Weight Refriever and Disiributor” circuit 128, the “Weighted Random
Pattern Test Controller” (WRPTC) circuit 140, and the “Memory Mapping Unit” circuit
132. As is understood by those skilled in the art, other specific control ¢ircuits provide the

25  random weight determining signal 124 from a memory 136 to the weight generator 1121
6 .




circuit inplemented by a finite state circuit, but an alternatiog Jgine 2005
i ncludes a programmed conputer. The preferred enbodi nent of the data
download circuit is a circuit on the sane die as the integrated circuit
under-test. 5 An enbodi nent of the Weight Retriever and Distributor circuit
128 is spegobimzssy taught with reference to Figure BETISVBWE’The Wei ght
Retriever and Distributor circuit 128 recei ves inputs froma nenory 136

t hrough a con ircu refera "Menory

| t
NRppi g Lni O %?I?é&f?*ﬁﬂaﬁwﬁm ﬂa&"ct@repa*‘%s% pesRagy HB%atmf @%ﬁrea*‘“é.m%%h the

Uni t circuit meﬁ@&lng;hr@? V%Mﬁreﬂﬁéﬁqﬁmgmf%rag vrm{@a{%l fptrol ler circuit

140 shal | eapc tau escription t Retriever and

Di stributor c@c,rlpdﬁrtﬁeShlﬁem&%%%%gte%ﬁgaﬂﬁﬁfe%gnce to Figur es 1 and 3 bel ow.
The terns "Menory Mapping Unit™, and "Wei ghted Random Pattern Test

Control | es” shal hn BfddaRet o fle gﬁg@ﬁ&eﬂn@m@fr&uﬂaﬁu@ﬁrrz@es;seeiﬁ@tm cribe
respectively 15 the circuits 132, and 140. Referring now to Figure 2, the

wei ght  generiaipfiiwithlelbrefco RiFigleS bbib®. BRWdidht Retiderdhd Disteibutdr bitcuiv@2sght ed | nput
signal input to a scan chain 104i. An enbodi nent of a weight generator 112

i ncl udes convRved iRl fromaretRidtydBOtmhghiarpitfoer Lilditite invedisragrifetaily portrayed as
four parallel lines 116ia -116id for a weight generator 1121. The signals

1161 a - 116i derdG “drabrytMappisgiiit cioydd ex2deecordingko an lnput &ory a sircgintak  havi ng an equal
probability of a one and a zero. They forminputs to logic circuits

gener ati ng |lingntom prefeiiyitena i WeightaifRandven FaitgmadstsContréllor” ckpédd®.i cal |y t he four
signal inputs 116ia -116id, 15 different random wei ght signals 144 ranging
i n i |l ustt atAcewdipginlsadbiof the perasiry 6 gheeMigiary ¥epping Unit grepipl2smd Gear e gener at ed.
Random wei ght signal 144a illustratively represents a probability of 1/16,

random wei ghWeigitedRangom PattoruBest Gonlleriieyinadp shall eash bedenghtavher ¢ obabi i ity of
2/ 16, random wei ght _si 144¢ 7 _24 June 2005 WD 02/052288

PCT/ USQ/ 5osiesrﬂptrop akthe ‘gfﬁle%rtye\rewﬂ Pistaifuter Giropi s prstsnted Vi reffrener %6, r andom

wei ght signal 144d illustratively
Figures 1 and 3 below. The terms “Memory Mapping Unit”, and “Weighted Random

Pattern Test Controller” shall be used in this description hereafter to describe respectively
15 ibe circuits 132, and 140,

Referring now to Figure 2, the weight generator 112i controls the specific weight
of the weighted input signal input to a scan chain 104i. An embodiment of 2 weighf
generator 112 includes conventional random signal inputs 116 illustratively portrayed as
four parallel lines 116ia - 116id for a weight generator 112i. The signals 116ia - 116id

20 each transmit a pseudo-random binary signal having an equal probability of a one and a
‘zero. They form inputs to logic circuits generating logical combinations of the signals.
For specifically the four signal inputs 116ia - 116id, 15 different random weight signals
144 ranging in illustrative probability of a one bit from 1/16 to 15/16 are generated.
Random weight signal 144a illustratively represents a probability of 1/16, random weight

25  signal 144b illustratively represents a probability of 2/16, random weight signal 144¢
7



represents a probability of 10/16, random wei ght signal 144e | 1241 Jhet OBy
represents a probability of 8/ 16, and random wei ght signal 144f
illustratively represents a probability of 15/16. In the nore general case
where there are "n" conventional random wei ght signal 5 inputs, each

il lustratiwebysyss h an equal probability of a one andPC/UBRYE872" -1
different random wei ght signals, ranging in probability from11/2" to
(2"-1)/2" ar, ener at ed., Each, ..of different r X i.ght signals

coupl es to t‘ﬁ‘@g’i‘tﬁ LEPEEYRe nga‘éﬂ‘?\ﬂf %’/ ?ﬁgra(‘% ¥ %PS 31?1)%&)1@]%59818%% rolled by a
random wei ght det er m. ni.« Lgpal .124i. . T ' s from each of
t he coupl ed RiiAR %Sraé’ﬁ(fbgorﬂ%ﬁ%@hq’qgieﬁngﬂ? @ég!g}]}grﬁ lsﬁgée{gg%ﬁé r%gecls)ér?]ﬁiahe val ue of the

10 el Gt 9t LT 0L Sl Blor i s ARG LB R AeRIPAGIaBAL . the random

wei ght determnihg signal T nput provides an ' n bit data field to
swtch a desdfrlﬂ'?&‘Wﬂhgﬁfnregén&gﬂcage%ergzhé&aﬁaﬂféﬁﬁkﬁioﬁ@m_ﬁﬂiﬂwﬁghgﬁ%naﬁl gnal s 144,
[

preferably configured as n separate lines each providing a bit. The random
wei ght des erigiuni Qich ifhsBRRbly Wilthin Db IRbiTityQRa éhe Bida £@ 2" Didlfercisi s the cont ent
of the random wei ght bit signal 148i. The random wei ght determ ning 15
signal is i r}&iﬁbmfnre@ﬁﬂs%ﬁ%, ARG Y pré&hbilityHomugh ot (brel ) pirgdtheriiel Bactver and
distributor circuit 28. Each weight determ ning signal 124i for a random
wei ght bit offte il @R waihg$inalsbbiplesiogralputlsiiBiof 4 svitstpenliiplexsl | y det er ni ned
froma stored value in the nmenory 136. Referring nowto Figure 3, the

wei ght r et r 18 edntrélRd by i@dom bwighirdetednridny signdl 284 pTriewwiththd 52 eelocteliah wei ght
generator circuit (112i) switch 152 the weight determ ning signal 124i in
20 synchr onieaditdf tha conpleddifidnent raadochoveighesigghlt ddpending bgpn de val@iftheat e.  The wei ght
retriever and distributor circuit 128 retrieves fromnenory 136 (portrayed
Wit h ref & eneizght dteFniging sgnal)124it lshapeifgtet croletimenti the epomiwsighl dat a and

downl oads that data into a weight buffer circuit 156. The wei ght buffer
circuit 156 detenninintsignalinputld4jpiavides an & bih daimlield ta switch g desised vefght i¥bwn| oaded
menory data to assure that each nulti-bit vector for a sw,tched random 25
wei ght bit ghafdisepamigrangdam weight signals $44 rafergbly pqnfigedss B EEHHEIEht gener at or
112i . The buffer 8 24 June 2005 WD 02/ 05228E PCT/ USOL/ %‘%?Oﬁ.tci rcuit 156
reconci | es tead niraiding @ Bialiig fagfion weishfdgtegmining signat Lifigoatrolsp3 3 S Rt ¢ he dat a

vol unme ) . .
basis the content of the random weight bit signal 148i. The random weight determining

15 signal is input from the memory 136 through the weight retriever and distributor circuit
128. Each weight determining signal 124i for a random weight bit of the random weight
bit signal 148 is specifically determined from a stored value in the memory 136.

Referring now to Figure 3, the weight retriever and distributor circuit 128 provides

to each weight generator circuit (112i) switch 152 the weight determining signal 124i in

20  synchronization with the random weight bit signal 148i rate, The weight retriever and
distributor circuit 128 retrieves from memory 136 (portrayed with reference to Figure 1)
the weight determining signal data and downloads that data into a weight buffer circuit
156. The weight buffer circuit 156 provides any required temporary storage of the
downloaded memory data to assure that each multi-bit vector for a switched random

25  weight bit signal 148i bit is delivered on time to each weight generator 112i. The buffer
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and format supplied by the nmenory 136. For instance, a first r [
can be downl oaded fromthe nenory 136 to the buffering circui ?@ggﬁf§2gb§
first set of tines while the data field that constitutes the wei ght
buffering signal 1241 is of a different size as the 5 first range of bits
and downl ceolexbsi2e8 t he wei ght generator at a differentPCIEiSIBH8I nes
corresponding to the generation of the bits of the weight bit signal 148,

and thus is _synchroni_ze ith the i ght generator.112i circuit providing
the corres p(’fﬁﬂgﬂéﬁ 'Ee‘é‘g‘f’léﬁlgf Xf\ﬂta Jg?lf“r&tog&?ﬁ%&tég’f’mﬁ???l Btk éli%?ﬁtaevé’ 48. The
design of the ight byffer circuit 156 th 2Dr V.. 1 and t he Wi ght
Ret rigever a Bdglga?ﬂpgﬁ‘?ht%fw gghf‘?’ré Stagoie’ra?lﬁ%g?an%aéﬁbl}asrcgnq?enterrel at ed go as

will be understood, 18‘%"% b0 RS 155 hulflideMienftibe ach Pt S RERNGIE O

enbodi nment , ever an ributor circurt provi des the

timing i 9Nafe ) A ool SRR BB bisRPnOfienal1Bh iRS ArlOMGLOAGeCI rcui t 168

and the wei ght generator circuit 112 to provide synchronized control
si gnal s bet veeRint\ biEh@diwnldbtich &,rthe%ﬁg@nugfsem%é@ﬁa&ifﬁ%‘enm%mmmemppl ng unit
132, and the weight generator circuit 1121. In another enbodi nent, the data

15 downl oad cgirdspdatitg bOR gbRAMS: Athe Bl @8 Weiditib® bildapi 48 8¢ HkusSsich as the wei ght
generator circult %121 clock to control the interface of the renai nder of

the data dowpchaatkdaayis e Giight pdfeBtor BnicitcliCprovidighilie cg@s3pondihlestditi cui t 1121,
The preferred enbodi nent of the present invention includes a nenory unit

136 that i Ditadthestdiehingaems M. Trealbsgnabihy weighvufir oirctihesh, thesnatoryeady a part
of the integrated 20 circuit under-test exclusive of a built-in self-test
function, andé,pacheWaibitRetevenamt Bistribntor (WRDY Cottlokcircyit 166 praingegrelofed cui t . | n
anot her. enbodi nent, the nenory 136 will be an on-die .dedicated built in
sel f - t est0 neswillbe uadedtobdbydimet shiled pritsadti ndiretprefdmed enthodimgnt IBEWeightl be an
off-die unit. The nenory 136 in an enbodi ment stores each nulti-bit vector
necessary t Redvatetddhisuinor circuit 12§ pwvidéstthegiming siged! iprie rpmaining pgrfign ol 481 f or each
single bit needed for the given 9 24 June 2005 WO 02/052288
PCTI US01| 508i@7at dewnlead sironit 184nd the weighs aepratorciipricd@hiontordai , for each of at
| east one distinct set of weight .

synchronized control signals befween the weight buffer circuit 156, the memory mapping

unit 132, and the weight generator circuit 112i. In another embodiment, the data

15  download circuit 168 reads an already existing clock such as the weight generator circuit

112i clock to control the interface of the remainder of the data downloading circuit 168
and the weight generator circuit 112i.

The preferred embodiment of the present invention includes a memory unit 136
thai is an on-die memory, preferably a memory that is already a part of the integrated

20  circuit under-test exclusive of a built-in self-test function, and preferably a cache memory

of the integrated circuit. In another embodiment, the memory 136 will be an on-die
dedicated built in self-test memory, and in another embodiment the memory 136 will be an
off-die unit.

The memory 136 in an embodiment stores each multi-bit vector necessary to

25  determine a single bit of a2 weight bit signal 148i for each single bit needed for the given
' 9




determ ning signal inputs 124, each separate set conprising th

determne a test data bit stream 148 for the scan chains 104 %‘3?}1@%2005
distinct probability of a high and a |ow value for each bit and referred
to herein as a data set. 5 For instance, in an enbodi ment, the nenory 136
stores a rPeYG5P288 set of distinct weight determ ni ngP@VgpaEItsidat a fi el ds
wherein one set of weight determning signals is a collection of the

wei ght det er . nj j figek L . i.ght £d scan i nput
bit for each%gg%glcozi’g}??&ﬁh%L%Re&éllil?@#j?%e%cﬁa%ﬂeﬁ%s e%’i"?tst\éﬁoefg’gllg@cuit under - t est

CONt ai 1S 1 4Rl AR S 39 2R S6 B AD (SOM B il pan cel |

(where there is no requirenmnent t 10 ea chain contalin the sane

nunber of  Cedua®it strehil SAProPhEschl dRaifki 194 hRRL 2 BflnkSrAMARSIRALG 2 S€t _Of wei ght
determ ning signals may contain nfp wei ght determ ning vectors. The ntp

vei ght det erigi hRGor@hbRbRI rBefediEliefein@y £6htd £OM t he menory 136 (and
sequentially fromthe data dowload circuit 168) to generate a parallel

pattern that is Fppkture id £ ciibiiBeme the GoRbr 336 skidd 4 multiple 3@t disgiadti on of the
circuit of the present invention, this procedure is repeated many 15 tines,
each tinme r eteighekiengnihfidenalda fisipwharinght st ineiphtidetigninyi sigidd isat 0 gener ate
distinct parallel patterns having possibly different bit val ues but the
sanme pr obabichlecticasf thiEwmeipht dgemaing signab@ia fiolds tweletgdtined edeizhtad wamigpusi gnal s
generates random bit signals 148 having distinct probabilities. The stored
mul ti-bit veétfweshpanlidethecideit exderitest. If thecinmet wphritasgpottaincontiséanat i onal 20
circuit elenents of the circuit under-test based on the desired weighting
of the i nputchaiis@wkeach saintchain epntainh X’ yogn eellpfwherh ersiisno piquiramentdliat t est . Al t hough
the preferred enbodi ment requires a |arge anount of data to drive each of
t he swit thegachseon ehgin cantyip (e pamsinyrplisr of cellshi Bere prssy*p digtinckopliiapda singles| circui t
under-test nmenpry capacjty has a storage capacity that accommodates very

| arge test deehveighpdeteaminips sienstsengy GWDG‘%PG‘GQ digtepimng yepas- 58 O7P The menory
mappi ng circuj .provi des conventi onal nermr%%dcontrol to the nenory 136

for perfor mwﬁ’jéﬁté% Béﬁg"ga"ﬁﬁf"réarw errddionthearmord 3¢ frd ssusgiialy Hagpthe | 1
data download circuit 168) to generate a parallel pattern that is applied to the scan chains
104i. In application of the circuit of the present invention, this procedure is repeated many

1 5 times, each time retrieving the same m*p weight determining signals to generate distinct
parallel patterns having possibly different bit values but the same probabilities. Each
separate set of weight determining signals generates random bit signals 148 having distinct
probabilities. -

The stored multi-bit vectors provide a deterministic weighting to combinational

20 circuit elements of the circuit under-test based on the desired weighting of the input signal
after an analysis of the circuit under-test. Although the preferred embodiment requireé a
large amount of data to drive each of the switches 152 for a given circuit under-test, a
typical VLSI circuit under-test memory capacity has a storége capacity that accommodates

very large test data.
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conventional DRAM devices, the nenory mapping circuit is often4dfyype 2005
menory controller, and in conventional cache devices, the nenory nmapping
circuit is often termed 5 a bus interface unit or a nenory interface unit.
Under the control of the Weight Retriever and distributor Controller
circuit 16¥Qexosmssrenory mapping unit circuit downl oadTABPEH7? data from
the nmenory 136 to the weight buffer 156, from addresses provided by the

Wei ght Retriever_and D stri.butor. ntroller circuit 164. . The Wi ght
Retriever and Di SErIBGYSPRIBT Y ll(‘;’g?ro‘(':lleﬁﬁoﬁlﬁn&lﬂéﬁmﬁo%cl%%%mgﬁ 10 contr ol

i | to th Nappi. i t d data fields i
the  Nemory Mgt s or ERE e eltsha AR R R P RS B U0, O Lt Fer 156
via the Cac %nveégﬂ%w&é@itﬁf thél'rﬁQ'noai ﬂap%ﬁ%@ﬁﬁ?i@ ofdd t@mb B hdroHe Wei ght command

and wei ght set nu roma circuit Inventors preferably terma
Veei ght ed RandpinBadnt §f BnvERPhal ERAE dePikds Qe melfB: mdphif Qfcaibis ¥adnk@mddei ght ed
Random Pattern Test Controller 140 is an on-die circuit as 15 well.

Ref errings t o, yuk SidfiRe it 3B nRHH9 HitddBitunie f UderMRIcHRM) FiheORaMt RdiRg a Wei ght ed
randomtest bit signal (1481) for a data set includes in Block 210, a

Menory unit #d&6ibutd Contioflg cicuilaba ihe Bkmer ikping ufigciescdowalbads heigigont r ol
signals 124 for determning a weight of a bit of a bit stream (148i) to be
i nput i nto alaaden tehaiory(130¥ He vefehtnfitrnse fom hddeksses provded bythder 20 test. Each
distinct set of control signals 124 has a corresponding distinct data set.
In Bl ock 228cighmRetfidvar ahi Blstiboanbatiotiérnigeutt &, cont r ol signal i s downl oaded
fromthe nmenory to a weight generating unit (1121) in synchronization with
t he wei ght gener at i nThelWeight Retdererdindistributer oontrekep diredit bl podvidesf t he bi t
stream In an enbodi nent, the downl oading includes reading a portion of

t he dat al etcofitrobsignalietheiemory Mappieg Unittand thé addresiof soreddatpificlds infibebi t s at a 25
first set of tinmes, storing the read portion in a buffering circuit, and
downl oadi ng Mo 136 éor a dawnboad gffirpedata Giglds to theweight beffep 8% vty GadiF1/ 50807
buffering circuit a data field at a second set of times, the second set of
times bei ng Addressdyiie A6 i rospenisei  yiitriete Wkt eommandand welghtsdbst e such that the

wei ght of a bit of the bit stream .
from a cireuit the inventors preferably term a Weighted Random Pattern Test Controller

140. Preferably the Weighted Random Pattern Test Controller 140 is an on-die circuit as
15 well
Referring to Figure 4, an embodiment of a method of generating a weighted
random test bit signal (148i) for a data set includes in Block 210, a memory unit (136)
storing a data set containing each of the control signals 124 for determining a weight of a
bit of a bit stream (148i) to be input into a scan chain (104i) of an integrated circuit under-
20  test. Each distinct set of control signals 124 has a corresponding distinct data set. In
_ Block 220, a data field containing the control signal is downloaded from the memory to a
weight generating unit (112§) in synchronization with the weight generating unit providing
a corresponding bit of the bit stream. In an embodiment, the downloading includes
reading a portion of the data set from the memory at a rate of a first number of bits at a

25  first set of times, storing the read portion in a buffering circuit, and downloading from the
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depends upon the corresponding data field. The details of this 2% dopes200%e
al ready been taught with reference to Figures 1 - 3. Preferably the nenory
is disposed on the 5 integrated circuit and as well as already existing on
the integrated circuit apart fromits use as a storage device for the data
set, suchvesomsueit of the integrated circuit. In Bl oER/BEFEEhe wei ght
generating unit provides the weighted randomtest bit signal to the scan
chain, the scan chain disposed on the integrated circuit die (102). The

wei ght of a Byiferipg ciiopta dfatield ahasgropd st tieres tp drrond st oftimss bringdt ng data fiel d
that is part of the .10 data set, and. in ich the data _field was downl oaded
to the wei ghf gBEMEALM Y %lfnqafa%“ﬁ?émr%%?’%%@%f”“ﬁ‘ﬁi°&%?°&‘é§%“ﬁ%e al r eady
been taught with reference to Figures1- 3  Li.is worth noting nowthat in
an enbod! mentoPe SR a f TR T s s e it has a

pl ural nunbe | [ . i_gh I t _hi tfea nd a control signal
t hat consi st %u%ﬁwgg%%sepﬁg%#lér% ?hgrg%%g%hseg%ﬁé??\sgdw as?%gon??eel d. It is also
wor t h not isng; b j 15 t j . i it is

i sposed on_ AR RERaR BRRly oyt it SR ARG M 100 230

are repeat edadQfordhe BEWe Rir the Blta eGicPist vt SRR Al cReugar ticul ar control
signal for that bit. Wiile cerfain exenplary enbodi nents have been

described and shoywiolit3b, MR weRRGRRARY INAProdia@\Mhd Ykishted fandofh tdsPbiPe under st ood
that these enbodinents are nmerely 20 illustrative of and not restrictive

of the broadsigave Heisf chal@e RELHAN HisgoRMdSR bk Gbgiafed BiRtbit ik od)edhd 0 t he
specific constructions and arrangenents shown and descri bed, and

al ternative wetbiadf £iEdr the Bit StdearD Gpideupdp p aorespondi dibdethathigattefkhd N the art to
which the present invention pertains w thout departing fromthe scope of
t he presdnt damsettnddmwhiditee dag didp @asfowhlglepwawavnight ganeearind wh. Tie defi ned by
t he appended clains rather than the foregoing 25 description. 12 24 June
2005 We cl ademils §f thifprozpyhaveabeady becotayphi withneferenca tociigarel fiv3. rigis svarth nt egr at ed
circuit, the integrated circuit having "nf scan chains, each scan
noting now that in an embodiment, the weight generating unit includes a switch that has a
plural number of differently weighed input bit streams and a control signal that consists of
substantially the corresponding data field. It is also worth noting that in an embodiment,
15  the weight generating unit is disposed on the integrated circuit die. In Block 240, Blocks
220 and 230 are repeated for a new bit of the bit stream with a particular control signal for
that bit.
While certain exemplary embodiments have been described and shown in the
accompanying drawings, it is to be understood that these embodiments are merely
20  illustrative of and not restrictive of the broad invention. The present invention is not
limited to the specific constructions and arrangements shown and described, and
'~ alternative embodimenis will become apparent to those skilled in the art to which the
present invention pertains without departing from the scope of the present invention. The

scope of the present invention is defined by the appended claims rather than the foregoing

25  description.
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chain to be scanned having "p" scan cells, the die having: a w40 2005
random pattern generator on the die, the weighted random pattern generator
havi ng: a pseudo-random pattern generator to generate pseudo-random bi nary
bits; a nmenory to store nfFp nulti-bit vectors, the vectors to determ ne
wei ghts to be applied to the pseudo-random binary bits; set of weighted
pseudo-random bit generators corresponding to the set of scan chains;
circuitryweesigtri eve the weights fromnmenory and to distribute the weights
to the set of weighted pseudo-random bit generators, the weighted
pseudo-random bit generators to apply the weights to the pseudo-random
binary bifs to,g Egﬁ{: ed pseudo-randombits; and a controller to
control the retri ﬁﬁénagﬂd% i bution of the weights. 2. The apparatus of
claim1, further conprising a circuitry to select a a vector to be

retrieved, 3 Thea sof Ialm f.urther. c risi a cjrcuitry to
e ke s e BBt citts BV ing PRT tsoR llnsgeach S6an

select a
cham to be scanned havmg “p" scan cells, the die having:

a weighted random pattern generator on the die, the weighted random pattern generator

having:
- a pseudo-random pattern generator to generate pseudo-random binary bits;

a mermory to store m*p multi-bit vectors, the vectors to determine weights to be applied to the

pseudo-random binary bits;

set of weighted pseudo-random bit generators corresponding to the set of scan chains;

cireuitry to retrieve the weights from memory and to distribute the weights to the set of

weighted pseudo-random bit generators, the weighted pseudo-random bit generators to apply
- the weights to the pseudo-random binary bits to generate weighted pseudo-random bits; and

a controller to control the retrieval and distribution of the weights.

2. The apparatus of claim 1, further comprising a circuitry to select a a vector to be

 retrieved.

3. The apparatus of claim 2, further comprising a circuitry to select a memory location

for the vector to be retrieved.
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