A DI AGNOCSI S FRAMEWORK TO SHORTEN Yl ELD LEARNI NG CYCLES OF ADVANCED
PROCESSES BACKGROUND [O0001] Early technol ogy node manufacturability is
limted by yield | oss due to high defect densities. Defects can result in
imedi ate yield loss as well as downstreamreliability issues. Heuristic
yield analysis conprising the application of test patterns to an integrated
circuit allows for observation of defects. However, diagnosis of a failure
node associated with a respective defect is a challenge as the | ocation of
the defect is difficult to determne. Oten physical failure analysis is
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enbodi nents of a nmethod to | oABVANDED BROPESSERIef ects in an integrated
circuit. [0003]Fig. 2 illustrates sone enbodi nents of a tool arrangenent
configured to | ocate and di agnose defects in an integrated circuit.

[0004] Fig. 3 illustrates some emMBACKGROGUND a yield |learning circuit

structur ?0001] Early technology node manufacturability is limited by yield loss due to high
defect densities. Defects can result in immediate yield loss as well as downstream
reliability issues. Heuristic yield analysis comprising the application of test patterns to an
integrated circuit allows for observation of defects. However, diagnosis of a failure mode
associated with a respective defect is a challenge as the location of the defect is difficult
to determine. Often physical failure analysis is required to locate a defect and identify a
failure mode.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Fig. 1 illustrates a flow diagram of some embodiments of a method to locate

and diagnose defects in an integrated circuit.

[0003] Fig. 2 illustrates some embodiments of a tool arrangement configured to
locate and diagnose defects in an integrated circuit.

[0004] Fig. 3 illustrates some embodiments of a yield learning circuit structure.
[0005] Fig. 4 iilustrates some embodiments of a yield learning circuit structure.
[0006] FiQ. 5 illustrates some embddiments of a DUT carrier circuit,

[0007] Fig. 6A illustrates some embodiments of a DC yield learning circuit structure.
[0008] Fig. 6B illustrates some embodiments of a look-up table comprising expected
vs. simulated results

[0009] Fig. 7A illustrates some embodiments of an AC yield learning circuit structure.
[0010] Fig. 7B illustrates some embodiments of an AC look-up table.

[0011] Fig. 8A illustrates some embodiments of a discrete library of allowable
patterns for technology qualification comprising a process sensitive component.

[0012] Fig. 8B illustrates some embodiments of a 4-to-1 XOR tree comprising a
discrete library of allowable patterns.



[0005]Fig. 4 illustrates sone enbodinents of a yield learning circuit
structure. [0006]Fig. 5 illustrates sone enbodi nents of a DUT carrier
circuit. [0007]Fig. 6A illustrates sonme enbodi ments of a DC yield |earning
circuit structure. [0008]Fig. 68 illustrates sone enbodi nents of a | ook-up
tabl e conprising expected vs. sinulated results [0009]Fig. 7A illustrates
sone enbodi nents of an ACyield learning circuit structure. [0010]Fig. 713
illustrates sone enbodi ments of an AC | ook-up table. [0011] Fig. 8A
illustrates sone enbodi nents of a discrete library of allowable patterns
for technol ogy qualification ggxmnl@ ﬂﬁgﬁ'ﬂ" S sensitive conponent.
[0012]Fig. 813 illustrates s 4-t0-1 XOR tree conprising
a di scr e{@13] br any defcriptibonedzireis peddearitisreference to the drawings, wherein like

reference numerals are generally utilized to refer to like elements throughout, and

wherein the various structures are not necessarily drawn to scale. In the following
description, for purposes of explanation, numerous specific details are set forth in order
to facilitate understanding. It may be evident, however, to one of ordinary skill in the art,
that one or more aspects described herein may be practiced with a lesser degree of
these specific details. In other instances, known structures and devices are shown in
block diagram form to facilitate understanding.

[0014] Diagnosis of defects in early technology node test vehicles allows for
improved yield by determining a failure mode (i.e., root cause) associated with a
manufacturing defect, which may be addressed through a change in design, a change
in a manufacturing process, or a combination thereof. Current diagnosis methods utilize
test patterns to observe defects, and allow for one to draw inferences based on
observed behavior which can narrow the search for a failure mode. Typically, physical
failure analysis (PFA) is utilized to determine a location and subsequently a failure
mode associated with a respective defect. Moreover, several iterations of test pattern
application, result interpretation, and making inferences may be necessary to determine
a region where PFA may be utilized to determine an exact location and failure mode of
a defect. This can -limit the overall efﬁciency-in diagnosing all failure rhodes, which can
increase the lead time for product development and mask reliability issues which may
only be discovered once a product is in the field. As such, increased efficiency in defect
diagnosis is desired.

[0015] Accordingly, the present disclosure relates to a diagnosis framework to
shorten yield learning cycles of technology node manufacturing processes from a high
defect density stage to technology maturity. A plurality of defect under test (DUT)
structures are designed to capture potential manufacturing issues associated with
defect formation. A test structure is formed by arranging the DUT structures within a
defect under test (DUT) carrier unit, which has been yield-hardened though heuristic
yield analysis such that a defect density of the DUT carrier unit is essentially zero.
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DETAI LED DESCRI PTI ON [ 0013] The description herein is nmade with reference to
the drawi ngs, wherein like reference nunerals are generally utilized to
refer to |ike elenments throughout, and wherein the various structures are
not necessarily drawn to scale. In the follow ng description, for purposes
of expl anation, nunerous specific details are set forth in order to
facilitate understanding. It nay be evident, however, to one of ordinary
skill in the art, that one or nore aspects described herein nay be
practiced with a Iesser degree of these specific details. In other
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heuristic yleld analysis may comprise several iterations of re-design, re-manufacture,
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reused for an arbitrary collection of DUTs.

[0018] At 104 a plurality of DUT structures are designed. A respective DUT structure
comprises at least one process sensitive component formed on one or more of a front
end of line gate material layer, a middie end of line interconnect layer, or a back end of

line metallization layer.



| ocat e and di agnose defects within an integrated circuit. While nethod 100
is illustrated and described bel ow as a series of acts or events, it wll
be appreciated that the illustrated ordering of such acts or events are not
to be interpreted in alimting sense. For exanple, sone acts may occur in
different orders and/or concurrently with other acts or events apart from
those illustrated and/ or described herein. In addition, not all illustrated
acts nmay be required to inplenment one or nore aspects or enbodi nents of the
description herein. Further, one or nDre of the acts depicted herein nay be

carried :
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[0023] At 114 the test structure is manufactured, which comprises fabrication of a
silicon-based early technology yield learning vehicle in the 20 nm technology node, the
14 nm technology node, or lower technology node.

[0024] At 116 the plurality test vectors are applied to the test structure to generate
measured outputs. Application of the plurality test vectors comprises multi-bit binary test
vectors scanned-in through a first shift register, operated on by the logic devices within
the test structure to generate the measured outputs, which are then scanned out

through a second shift register.



respective test vector conprises a multi-bit binary test vector which
serves as an input to the test structure, and nmay be generated through
utilization of an automatic test pattern generation (ATPG tool to mmc a
manuf acturing defect within the test structure. [0022] At 112 expected
outputs of applying the plurality of test vectors to the test structure are
sinmul ated to define possible failure Iocations within the test structure.
The sinul ations may be performed using an industry-standard a fault
sinmulation tool or design for test (OFT) tool, and are stored in a | ook-up
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identifi %Qntﬂjwed:ﬁ)tdﬁf%%%st vector 206 corresponding to a test structure 202. A fault
simulation tool 208 is configured to receive the test vector 206 from the test vector
generator 204 and to simulate an expected output 210 of applying the test vector 206 to
the test structure 202 which corresponds to a failure location within the test structure
202. A look-up table (LUT) 212 is configured to receive the expected output 210 from
the fault simulation tool 208 and to store the expected output 210 for reference. A
measurement and analysis tool 214 is configured to receive a measured output 216 of
applying the test vector 206 to the test structure 202, and to compare the measured
output 216 to the expected output 210 to determine a failure location within the test
structure 202 without performing physical failure analysis (PFA).
[0028] The test structure 202 comprises a first shift register 222 which is controlled
by a clock 218 and configured to receive the test vector 206 from the test vector
generator 204. A controller 220 is configured to control operation of the test vector
generator 204 and the clock 218. The first shift register 222 comprises a plurality of
scan registers 226 which are sequentially coupled and configured to receive the test
vector 206 comprising a multi-bit binary vector as a serial data string and distribute the
test vector 206 in parallel format to a DUT carrier unit 224. A second shift register 228
which is controlled by the clock 218 is configured to receive a measured output 216
from the DUT carrier unit, and to send the measured output 216 to the measurement
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[0027]Fig. 2 illustrates sone enbodi nents of a tool arrangenment 200
configured to locate and di agnose defects in an integrated circuit. A test
vector generator 204 is configured to define a test vector 206
corresponding to a test structure 202. A fault sinulation tool 208 is
configured to receive the test vector 206 fromthe test vector generator
204 and to sinulate an expected output 210 of applying the test vector 206
to the test structure 202 which corresponds to a failure location within
the test structure 202. A look-up table (LUT) 212 is configured to receive
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structure 202 allows for the expected output 210 to determ ne a | ocation of
a defect (e.g., a defective DUT) within the test structure 202 when
conpared to the neasured out put 216 in the neasurenent and anal ysis tool
214. Know edge of the location of the defect may be sufficient for many
testing applications. However, it may al so be useful to assign a failure
node (Le., a root cause of the failure) by subjecting the test structure
202 to destructive physical failure analysis (PFA) in a PFA tool 234. Wile
in some prior art approaches PFA is utilized as a conponent to aid in

determn fagt anal ysi s
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carrier @aume@fwﬁda@inralr@é@édtuwf@t s@p\'ﬁegi%tdrloemetplnr*amyfwﬂmg%regtstmﬁl ses an

8-to0-1 XOR t with u out L of a
respect i v82 @ﬁ$§%§r9q“8?°tﬁﬂ?‘i h?ﬂ'ﬂjﬁ%r”ﬁ e qult'i? @1" %‘I"f@éﬂ F%rf'eh'ﬁn' 64a 304
I s connegbgidFbotha ehfsoRfRdrtY 6f & fieRNBamfRtircel sBlicireB00a iRlspectivetpuDf second
scan regi sters 314a- 3140 of the second sg%{?t é ﬂl ster 301%\/\/(}@% sel ects
an i nput C3BiGF Hait atiBe PHrAIEY LD Farrise MBits P399 AMPRIRS a1 He8econd
scan reg'\nﬁth@mﬁﬂté@naihﬁdhtﬁﬂm | NESBtE@crd@jtﬁutldi@Lrb%eoﬁvé DlHtcarﬂ@MInthff a
respective second scan regi ster_of the urali of second sc registers
3145- 31489 %‘U@&Wﬁ&%cﬁfﬂ%wﬂéﬁ%aﬁ%r'3&0%%%%%%@SBﬁﬁ"VEa?PP%‘FSQﬁﬁHt of the
pl ural i t YodidtefbfTa ﬂafdhty%f s@@éﬁ(ﬁsc%g‘l@?l?ﬂ@f‘d 3143-3R6Tdhé Qéwnd@mfareg%&ﬁect ive
second scan register | ur al of second scan regﬁli rs 314a-3140 is

connect ed0i® VHHC'bEﬁFQ@{S an'nRi‘t 59@9?@9%0@@96918‘@8&@3%@ gg ‘the plurality

of seconqoga3gn ERGh SE&IR sthftfedidiBP3{4a31 4 ERRIEs AP HhtaQhp RSN fifsBIbEL €T
3140 is g%nnect ed to an out put@of scan regi ster 314n, et cpg? The f |brst

shift regf arespegtivessasaad san Egisteid e Puraiyff seeendwpep re@isers R340 t wo
oper at i ofy rieeteddo %H'oﬁf{)uﬁr@fi@ re"ﬁﬁgct?vemf daRicPDEof thE 'pﬁfﬂalfh'? 8f Dgﬂﬂc'éﬂie'r ed by a

node sel ection SI& non-limting exanple shi ft node (node
sel ect i oMNi§ 3Pda-304j14 seegnd 'Q@é&rﬁé rgmtly%gqe@pgrsga@)fegjqﬁgr ?fl”ﬂﬁ‘ 8|qu“§¥ ¢f second
scan r eglsé&cﬁ{oescémé%&%@ﬁ@rﬂ@ i8 Ebﬁﬁec’i&gﬂo%nedutﬂﬂ%%e\ﬂolﬁéé&hﬁ sk4put and

a primry output each second scan register of the plurality of second
scan r eglrg@%teeofsmaamsa_mbowqcpn@l sed) Kpgistars sl fandil 49 fieue $COR Hirt eLFGRY

second s ?@gﬂstéleﬂ tﬁ)t iS" oﬁlflecft&?tooéd‘&ﬁbbttdf s8hn Fé@%‘?&%ﬁﬁaé‘tcr)eﬂhéﬁl%f shifg14a- 314o0.

| n capture nod e selection signa 0y, each Second scan register of
t he pl ur &gistgr W%@@bﬁh@ segenl $ref@regls4ers3®b@cammwm Iwe ARgrgton Bmofesd ve t he

out put V%hifﬁn@éem d ggQF’t‘EFé[ @ggwh.méfel &fntn’dﬂé& byPh nidiR dRlacigh sighalei10DkT

carrier units For a(}/ | edr ni ng circuit structure 300
conpri si AgoNHouiting examele, |m$htftsmgqjmgno selectlon signal = 1), all second scan

registers of the plurality of second scan registers 314a-314o0 form a shift register
between a primary input and a primary output, and each second scan register of the
plurality of second scan registers 314a-3140 will receive an output value of a preceding
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304j, the first shift register 30la will require Mfirst scan registers of
the plurality of first scan registers 302a-3020, and the second shift

regi ster 301b will each require M second scan registers of the plurality of
second scan registers 314a-3140. As a non-limting exanple, for an 8-input
first QUT carrier unit 304a, output data 312 of the first 8 first scan

regi sters 302a-302) are connected to 8 inputs of the first OUT carrier unit
304a, outputs of the 2nd through 9th first scan registers 302b-302k are
connected to the 8 inputs of the second DUT carrier unit 304b, and so on.
On the o 304a is
connect egé&o %’g?%q'&&&%gg#"rég%on %%%égﬁrnerla{;é{e &gfcﬂ‘{d?ﬁc %’tuet of a
second Cthdee(modelseienilctn Soh =i, eavhrsecomtistan regiier of thepuralityfof sexomdd scan

05 U000 ST  F Bl = 1 2

carrier uairier d@iofithe prmrammm[i)lfésamepumtsa'm%yewj | ogi c deV| ces 404 arranged

. L oai . b
yiel - naldpaiba FAr BEH enntasett S eaRB kB RSt JilS 0ag o
anal ysi s 304 first shiferetistey 3anal wﬂheqmc& I\/I(fesﬁtexcas raglstbn'smﬂtrhﬁeplﬁtﬁr tycafrfirster uni t

e R T e S LT L i S S vy

corrponentsewnd@man@emstbsem‘ th?e plomﬁf;odflsemrhﬂomeeglstesqommd dgiacnatevi ces 404

& il Popndeaeels Prana-Gaicie I er @t ont 66 BURUERR S R TRER YTl 5

| ear ni ngfist 6EaH ﬁeg&térsleow-eoﬁ%e cdmrectddtals inbifs of thedirstBU A ¢rrieeasit ves an

404 1 ccerui WiER B 2adtraneh SR st seat Pl ip® PobrOBR S Fornet e Wi o

(i.e., resmaes bMaelsegbrid IUUVlchneﬂQﬂlt Basb, tanva sorpuOs, th@netpeagbefaromtaut

e VR R HOT SR untiasl EREI i el Rt ShE el o

shown) f rqyitét 364c, an shiput ofraEQédﬁ)hGFDLﬂi&rﬁ@rnmﬂl 304nds soradted fota/firef inp@tan
regi sters_408 whi ch are sequentla coupl ed and configured to receive the

test vecPbpeceadgcan Fegigtergayiddsand ™ind distribute the test vector in

par al | el (do3spat Fig 4tiatredds soffe’ dribodiibiits 498 yid @RI erctrstraktusan@o, st ri ng
conprises a nulti-bit binary vector. A res B ective Io i.C devkﬁ%t404 W t hin

the int eFP‘ES‘P”$'BQJ?@eﬁcélé"%rt?%r(%"réc?r&@i‘é"' \e{*f"PBﬁo'(‘ rigps a g NAND,

XOR, et CiogicdileViR@ 404 dRinBedir & Igic thétestilttre - Whdreil @speotvei®dic ddiee i el d
| earning circuit structure 400 sends the neasured ou fromthe OUT

41
carrier @GRfhaabeenyiek-kardened thraughieyristiciwpld agalyals §8€8ﬁ§ﬂs'§?ﬁ?' ¢ egi ster 418

conpri si BeagsiBpiEAY totiverfify éri‘cﬁébrfe%ﬂdéfe@t’s%w%ﬂﬁthé@@hcﬂhér SREAENtrhalduT coupl ed
to a rreasurerrent and analysis tool. The second s ister_418 may al so

recei ve RAINer Bw&%e?mpnqﬁ&asple@hwég B hastrigtyrgs f’rﬁ@-ﬁ ﬁﬂsee qw&&UT sleyctyiect or s,

and di st gp§ubRplisiRg Ttlchsibr &Héé&étsehklil‘?e @&nﬁoﬁ%‘?ﬁWﬂlch%ﬁﬂ)r@éé hng to a
measur enent and anal ysi s tool 5 illustrates sone enbodi nents of

a OUT cafemnactien betwetens@specwfi@glcaeweﬁ gaﬂ withinthe dagiG e Airécwisy TR a fir st
XOR gat e lo@ﬂ?—tre@stﬁﬁfﬁﬂ@qum cBRboRise 4 fin@ MU Rstltitird MORiied sutpl@.a A Tirst

out put signal X1 first scan register 508 is carried along a first
connect i fifasyrd ‘WI‘HGC‘HMI %ft%wmdéaarmgaplﬂcw glrugtyig #0053be Hralilfél slrycddrexor gat e

502 and a16'réc%§ve's%%pmfbn%n Hi'&no?lﬁﬁqﬁf'ﬁem iefeir @es d&&e&w@% @lhgeut

signal X2 a second scan regi s is carried al ong a second
connect i 694 mlvemn@wrmor@mt%ﬂﬂom@ Rlurably of PUTngtHctusap 408 ’tfhé'eg&%\’fd XOR
gat e S04\Gficidhidd 464 nddWindiAE, o ddif sio 5 fesBRRADET SMictufe 148 ik AU P!

si gnal X3 “of third scan regi'ster 512 is carried along a_third connection
530, whi eﬁnergl r@ambawth@e ar @@Eﬁ)lﬁﬂmﬁhﬂlﬂ? IggHOrdegic fee il 2 SeCORER ANRUt502 and a
second | et 5% al @ 550
of the f%?e‘?(o%"gg?i 5 é’rl?):ngﬁ#garrl|§%§5t§ﬁg1%f§?@8ﬁlﬁé‘gggﬁéﬁlg |0 ﬁég&gath 544
which is coupled to a fourth scan register 514. A fifth output signal @
552 of the second XOR gate 504 carried8along a fifth conducting path 546
which is coupled to a fifth scan register 516. A sixth output signal @B 554
of the third XOR gate 506 is carried along a sixth conducting path 548
which is coupled to a sixth scan register 518. [0038] To determ ne possible
| ocations of defects that may formw thin a respective



QUT coupled to the OUT carrier circuit 500, a netlist conprising a
definition of all connections between devices within the QUT carrier
circuit 500 nay be defined. The connections, as described in the previous
par agr aph, may defined generally for any set of N DUT carrier circuit 500
by an N x N connectivity matrix which defines the inputs of the respective
XOR gates of the DUT carrier circuit 500, which operates on said inputs to
produce expected outputs: r XOR 1 [Inputs] [Qutputs (Nx1) For the DUT
carrier circuit 500 there are N= 3 connections. Therefore, the above
operati Orr]egtfs?tgr%%sfi:wljiiéh %reose%u%ntulall):/L %:oupled and configured to receive the test vector

as a serial data string and distribute the test vector in parallel format to the DUT carrier

unit 402.

[0036] The serial data string comprises a multi-bit binary vector. A respective logic

device 404 within the interior logic tree performs a logic operation (e.g., AND, OR,

NAND, XOR, etc.) on one or more bits of the multi-bit binary vector. The yield learning

circuit structure 400 sends the measured output 414 from the DUT carrier unit 402 as a

single output bit through a second shift register 418 comprising a plurality of scan

registers 408 which are sequentially coupled to a measurement and analysis tool. The

second shift register 418 may also receive multiple output bits corresponding to muitiple

input test vectors, and distribute the multiple output bits as a serial data string to a

measurement and analysis tool.

[0037] Fig. 5 illustrates some embodiments of a DUT carrier circuit 500, comprising

logic devices which comprise a first XOR gate 502, a second XOR gate 504, and a third

XOR gate 508. A first output signal X7 520 of a first scan register 508 is carried along a

first connection 526, which is coupled to a first input 532 of the first XOR gate 502 and a

first input 534 of the second XOR gate 504. A second output signal X2 522 of a second

scan register 510 is carried along a second connection 528, which is coupled to a

second input 540 of the second XOR gate 504 and a first input 536 of the third XOR

gate 506. A third output signal X3 of a third scan register .512 is carried along a third

connection 530, which is coupled to a second input 538 of the first XOR gate 502 and a

second input 542 of the third XOR gate 506. A fourth output signal Q7 550 of the first

XOR gate 502 is carried along a fourth conducting path 544 which is coupled to a fourth

scan register 514. A fifth output signal Q2 552 of the second XOR gate 504 carried

along a fifth conducting path 546 which is coupled to a fifth scan register 516. A sixth

output signal Q3 554 of the third XOR gate 506 is carried along a sixth conducting path

548 which is coupled to a sixth scan register 518.

[0038] To determine possible locations of defects that may form within a respective

DUT coupled to the DUT carrier circuit 500, a netlist comprising a definition of all

connections between devices within the DUT carrier circuit 500 may be defined. The

-9-



01 [x(1x X21=3 QL 1, B which gives: Ql= X1 + X3 QL = xor(X1,X3) @ =
X1 + X2 = @ = xor (X1, X2)

connections, as described in the previous paragraph, may defined generally for any set
of N DUT carrier circuit 500 by an N x N connectivity matrix which defines the inputs of
the respective XOR gates of the DUT carrier circuit 500, which operates on said inputs
to produce expected outputs:

XOR Inputs] _ [Outputs
[(NxN)] [(le) L) F

For the DUT carrier circuit 500 there are N = 3 connections. Therefore, the above

1 01 X1
[1 1 O]X X2
011 3

Q1 = X1+ X3 = Q1 = xor(X1,X3)

operation becomes:

Q1
= QZ],
03

which gives:

02 = X1+ X2 = Q2 = xor(X1,X2)

03 = X2+ X3 = 03 = xor(X2,X3)

Therefore, for the inputs X7, X2, and X3 comprising values of 0 or 1, the outputs Q7,
Q2, and Q3 comprising values of 0 or 1 are fully-determined for the DUT carrier circuit
500 by the connectivity matrix and function of the logic devices. This allows for
simulation of expected outputs when applying the inputs X7, X2, and X3.

[0039] In this exemplary embodiment of the DUT carrier circuit 500, a defect 556 is
introduced in the DUT carrier circuit 500 which causes the value of X7 to become
“stuck” at 1. As a result, an input test vector of (X71,X2,X3) = (0,1,1) would give an

3ol
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expected output of:



@ = X2+ X3 = B = xor(X2,X3) Therefore, for the inputs X, X2, and X3
conprising values of 0 or 1, the outputs @, and B conprising values of 0
or 1 are fully-determ ned for the DUT carrier circuit 500 by the
connectivity matrix and function of the |ogic devices. This allows for

simul ati on of expected out puts when applying the inputs X, X2, and X3.
[0039]In this exenplary enbodi nent of the DUT carrier circuit 500, a defect
556 is introduced in the DUT carrier circuit 500 which causes the val ue of
Xl to becone "stuck"” at 1. As a result, an input test vector of (X1, X2, X3)=
(0,1,1) would give an expected output of: -1 1 001

but because X7 is stuck at 1, a measured output is:

R

The measured output (Q1,Q2,Q3) = (0,0,0) can be anticipated by modifying the input
test vector to (X71,X2,X3) = (1,1,1).

[0040] Therefore, applying a test vector to the DUT carrier circuit 500 to generate the
measured output, and comparing the expected output to the measured output allows for
identification of a defect. Since the connectivity matrix (e.g., netlist) and the function of
the logic devices comprising the DUT carrier circuit 500 are known, the result of any
combination of values for the input test vector (X7,X2,X3) can be simulated and stored
(i.e., similar to a look-up table), thus allowing one to determine a respective failure-
location within the DUT carrier circuit 500 without the need for destructive failure
analysis. Moreover, the first XOR gate 502, second XOR gate 504, and third XOR gate
506 of the DUT carrier circuit 500 comprise first through third DUT carrier units
respectively, wherein a respective carrier unit comprises a 2-to-1 XOR tree. Note that
the size of the DUT carrier circuit 500 is scalable and extendable. For example, an 8 x 8
connectivity matrix to describe connectivity of a DUT carrier unit comprising an 8-to-1
XOR tree may be derived by a similar analysis. The embodiments of a DUT carrier
circuit 500 can be used to understand the basic diagnosis concepts and matrix
construction of a netlist. In general this analysis can be extended to a DUT carrier circuit
with an arbitrary number of connections.

[0041] Fig. 6A illustrates some embodiments of a DC yield learning circuit structure
600A, comprising an 8-to-1 XOR tree 602 configured to carry 15 DUT structures 604A-
6040. A respective DUT structure from the 15 DUT structures 604A-6040 of the 8-to-1
XOR tree 602 comprises a connection between an output of a first XOR gate 606 and
an input of a second XOR gate 606, wherein each XOR gate 606 is coupled to two DUT
structures from the 15 DUT structures 604A-6040 which form input connections to the
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111 0X1-01..1a.1 =1, ri but because X/ is stuck at 1, a neasured

out put

is: 101 [1.

XOR gate 606. A first shift register 608 delivers a test vector (not shown) comprising an
8-bit binary vector to the 8-to-1 XOR tree 602. The first shift register 608 comprises a
plurality of scan registers 610 which are sequentially coupled and configured to receive
the test vector as a serial data string and distribute the test vector in parallel format to
the to the 8-to-1 XOR tree 602. A second shift register 612 comprising a plurality of
scan registers 610 is configured to receive a measured output from DUT 6040 as a
single measured output bit (not shown) for a respective input 8-bit binary vector.

[0042] The 8-to-1 XOR tree 602 of Fig. 6A will produce an expected output for a
given input test vector. A measured output that differs from the expected output is
therefore due to a defect 614 (e.g., an open or short) in one or more of the DUT
structures 604A-6040 within the DC yield learning circuit structure 600A. Possible
measured outputs may be simulated for a given input for a variety of defects formed
within the DC yield learning circuit structure 600A, and their results stored in a look-up
table for use in identifying a location of the defect 614.

[0043] Fig. 6B illustrates some embodiments of a look-up table 600B comprising
expected outputs 624 vs. simulated results 626 for various input test vectors 616A-616J
from a collection of test vectors 618 to the DC yield learning circuit structure 600A. For a
respective test vector 616A-616J, an expected output 624 that differs from a
corresponding simulated result 626 may be observed as a stuck-at 1 bit which
comprises a value of 1-for any test vector 616A—616J, or a stuck-at 0 bit which comprise
a value of 0 for any test vector 616A-616J. Stuck-at O bits corresponding to test vectors
616A-616J may be observed in stuck-at 0 defect candidates 622 comprising a subset of
the DUT structures 604A-6040. Stuck-at 1 defect candidates 620 also comprise a
subset of the DUT structures 604A-6040 (i.e., marked as “others”), and comprise the
remaining subset of DUT structures 604A-6040 other than those shown in column 622
for a respective test vector 616A-616J. For example, for test vector 616A the “others”
(620) comprise 604x, where x = B,C,D,E,F,G,H,J,K,L,N. For either stuck-at 1 defect
candidates 620 or stuck-at 0 defect candidates 622, an exact location (e.g., a failing
DUT) may be identified by applying a plurality of input test vectors 616A-616J wherein
the expected output 624 differs from the simulated result 626 until a single common

12-



11 0 x 1 011 1 0. =0 The neasured output (QL, QR2, @)= (0,0,0) can be
anticipated by nodifying the input test vector to (X1, X2 X3)=(1,1,1).

failing DUT is identified. Note that for the embodiments of the look-up table 600B a
respective stuck-at 0 defect candidate 622 comprising a letter x = A-O which
corresponds to a given DUT structure 604x of Fig. 6A.

[0044] For the embodiments of the look-up table 600B corresponding to the DC yield
learning circuit structure 600A, wherein DUT 604! has been compromised due to the
defect 614, the test vector 616A produces an expected output 624 of 1, but a simulated
result 626 of 0. Therefore, one or more of DUT structures 604A, 6041, 604M, and 6040
are stuck at 0, or one or more of DUT structures 604B, 604C, 604D, 604E, 604F, 604G,
604H, 604J, 604K, and 604N are stuck at 1. Test vector 616B produces an expected
output 624 of 1, but a simulated result 626 of 0 for stuck-at 0 DUTs 604B, 604l, 604M,
and 6040, or stuck at 1 DUTs 604A, 604C, 604D, 604E, 604F, 604G, 604H, 6044,
604K, and 604N. Test vector 616l produces an expected output 624 of 0, but a
simulated result 626 of 1 for stuck-at 0 DUTs 604B, 604D, 604F, 604H, 6041, 604J,
604K, and 604L, or stuck-at 1 DUTs 604A, 604C, 604E, 604G, 604M, 604N, and 6040.
Test vector 616J produces an expected output 624 of 0, but a simulated resuilt 626 of 1
for stuck-at 0 DUT structures 604A, 604C, 604E, 604G, 6041, 604J, 604K, and 604L, or
stuck-at 1 DUTs 604B, 604D, 604F, 604H, 604M, 604N, and 6040. Comparison of
these four results for a common stuck-at 0 622 DUT results in DUT 604, and for a
common stuck-at 1 620 DUT results in no DUT (because all 626 results are
cohsidered). Therefore, DUT 6041 has been identified 'containing the defect 614.

[0045] The DC yield learning circuit structure 800A and corresponding look-up table
600B comprise some embodiments of a device and method to identify and locate DC
fails within the DC yield learning circuit structure 600A. Stuck-at 0 bits comprise a
structure that has become shorted to ground or an open has formed due to a
manufacturing defect. Stuck-at 1 bits comprise a structure that has become shorted to
Vpp due to a manufacturing defect. Stuck-at 0 bits and stuck-at 1 bits comprise stuck-at
fault bits which can be identified in DC testing. Failure modes identified during DC
testing comprise hard fails that are not related to timing (e.g., frequency) and can
reduce yield. However, soft fail mechanisms may only be identified during AC testing,
comprising defects related to timing. Coupling faults, wherein changing a state of a first
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[ 0040] Therefore, applying a test vector to the DUT carrier circuit 500 to
generate the neasured output, and conparing the expected output to the
measured output allows for identification of a defect. Since the
connectivity matrix (e.g., netlist) and the function of the |ogic devices
conprising the DUT carrier circuit 500 are known, the result of any

conbi nati on of values for the input test vector (X1, X2,X3) can be sinul ated
and stored (i.e., simlar to a | ook-up table), thus allow ng one to
determ ne a respective failure- Iocation wWithin the QUT carrier circuit 500

w t hout th eed f S uctl Iur anal v irst XOR
gate 502bU§- Hae %953%{‘? 3@&00 F éi?@%%é@ﬁ‘ ﬁ?mlﬁﬁséarrl er
circuit ﬁﬂ@ergﬁﬁﬂﬁ Sﬁaﬁl(rﬁiénsiti@h(w@hvd @Jtdnﬁbléiﬂf sftrfailsewhicmimtay ondsipect i vel y,
wherein a res tive carrie Not e t hat
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carrier un|t conprising an 8-to-1 XOR tree may be derived by a simlar
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tabl e 60@BMbaiIciuse AY2 expreelager snacmgt%rueime 64, asonedlpEeTRErPRYRISYUER® f or
various igapus Fﬁl‘ﬁﬁa gle‘ﬁ{e%o?mg&t%u@gu?é 8hs Y léﬁ%yér%ﬂh?é’@tr@étunteeﬁo YeRjiRr s 618
totheDé AN g el e ¢ sruc ‘ure a respective test
vect or 61&@' sh&ding amutatul[eeﬁ:‘lﬂedn@atrmﬂtl |y sernenting strustuse B bt willdsr r espondi ng
simul ate nprises a
val e of PP feP ueRY REBRREGHSTRn® nEtideighionad FRI RGO

conpri se pattemis BO0Afcobnpirise aavop-lingiting example f@ teApBroese Sf w&d&f@tﬁn@n@)l&nsi

correspo o1 qols at 0

def ect cgﬁ%i a{t@gélg%?econ%% élls’ﬁéggcg%t% HBMPQEEQ%HS&%@@E%@EGO4A- 6040.
St uck- at phttdese8O0DAcandi dat es 620 al so conprise a subset of the OUT
structures 604A-6040 (La, marked as "others"), and conprise the remaining
subset of DUT structures 604A-6040 ot her than those shown in colum 622 for
a respective test vector 616A-616J. For exanple, for test vector 616A the
"ot hers" (620) conprise 604x, where x-+4B,C, D, E,F,GH J,K L,N For either
stuck-at 1 defect candi dates 620 or stuck-at O defect candidates 622, an
exact location (e.g., a failing DUT) may be identified by applying a
plurality of input test vectors 616A-616J wherein the expected output 624
differs fromthe sinulated result 626 until a single conmon failing DUT is
identified. Note that for the enbodi nents of the | ook-up table 600B a
respective stuck-at 0 defect candidate 622 conprising a letter x = A-0

whi ch corresponds to a given DUT structure 604x of Fig. 6k




[ 0044] For the enbodi nents of the | ook-up table 600B corresponding to the DC
yield learning circuit structure 600A, wherein OQUT 6041 has been

conprom sed due to the defect 614, the test vector 616A produces an
expected output 624 of 1, but a sinulated result 626 of 0. Therefore, one
or nore of QUT structures 604A, 6041, 604M and 6040 are stuck at 0O, or one
or nore of DUT structures 604B, 604C, 604D, 604E, 604F, 604G 604H, 604J,
604K, and 604N are stuck at 1. Test vector 616B produces an expected out put
624 of 1, but a sinulated result 626 of O for stuck-at O DUTs 604B, 6041,

604M and 6040, or stuck at 1 604A, .604C 604D, 604

604H, 60HP4904R fe%ﬁﬂft'tsﬁﬂwef"ré&n éé’? He discaate by, aklio &’HEI%‘&?Q@{%'?% put
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604E, 60MTned®Md wemwcoamﬁft Byes 0"¢8§f"%€% fJn {zation avers, &k t ed
out put 6%‘5oﬁfblr%tloﬁ'tﬁer§ofsltml 5 ré&ﬁféhtthé%ﬁlthﬁgréplf@éerfsﬁtbb@l@aﬁbrrﬁ DUT
structures 604A 6040, , 604), 604K, and 604L, or stuck-at

1 DUTs eewmprlmpattﬁmpf fe@tms foemaﬂ/pn@dasr@r“em rHa%er MayAphPE E5AVaPIe: hese
four resﬂgtoﬁiefoPﬁ\o‘?‘e mﬂa%%gmawgmrch@nmmsIu%sluyérsemmaégosou and for a

common stuck-at 1 results in no DUT (because all 626 results are

consi der 8époraphisrsensities pasterns naiudp Ryt grediet limied o MerdtnsianR] BgWeRe def ect
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structur r es 0
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patterns 800A for technol ogy qualification conprising seven elenents: a
one-|l ayer conb structure 802, a one-layer spacing structure 804, a

one-l ayer serpentine structure 806, a nulti-layer interconnect structure
808, a multi-layer bridge structure 810, a nulti-layer shorting structure
812, and a multi-layer serpentine structure 814. It wll be appreciated
that these exenplary enbodi nents of the discrete library of allowable
patterns 800A conprise a non-limting exanple for the purpose of

under standi ng, and that additional patterns may al so be included into the

di te lib f al bl 3 800A. 1004 tt
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or nore [firdt humalizsiion layeo serpentine widés8@s a serorst metailizatian laperserpardioei at ed
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s T or ned SRR ER R 4l of HOReORT B et e a1p oG AR ey, O

| ayer 81&aried td\craat\elamt&ﬁ-m that forns a connection between the first

talli dt ' [ set back
oo thao0f s B e ERERRMTR Gl 4651 PR By BRoR Limpfsiig ! Dac
syst emat lacmhﬂamy\tﬁNCRgateS @1 6A18d 6Grandiibe disTiete libraty oflaligwable patigws $0Phct ur e
810 is f d fi tall t
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the first netallization |ayer 816 and the second netal lization |layer 818. A
finger wwdth Wo of horizontal segnentsqfornmed on the second netallization
| ayer 818, a first finger space S4 between horizontal segnents forned on
the second netallization | ayer 818, and a second finger space nay all be
systematically varied to create an open or short within the nulti-Iayer
shorting structure 812. The nmulti-layer serpentine structure 814 is forned
on multiple segnents of a first netallization |ayer 816 and a on nultiple
segnents of second netallization |ayer 818, with a plurality of vies 820
form ng various connections between the first netallization |ayer 816 and
the second netallization |ayer 818. The nulti-layer serpentine structure
814 conprises a first nmetallization |ayer serpentine width W3, a second




a plurality of XOR gates 816A-816C and the discrete library of allowable
patterns 800A. A respective elenent of discrete library of allowable
patterns 800A fornms a connection between an output of a first XOR gate and
an input of a second XOR gate as denonstrated by a connection 822 forned by
the nulti-layer bridge structure 810 between an output 824 of XOR gate 816A
and an input 826 of XOR gate 816C. A netlist of the 4-to-1 XOR tree 800B
may be derived, and nulti-bit test vectors may be witten (i.e., 4-bit

test vectors) and sinulated to establish a | ook-up table (LUT) of expected

out puts. , The LUT may then be utiljzed co re.a 0 t to an
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PR

4-to-1 Xewtputwaensgplying giresReqlve 155t Rajtee NG IRELF LGPy e
el ement Bage YRMGAMASBAhE FRF&AE libraNpérallbivable ipatt@@BB0BA wihich fardli screte |ibrary

of 2n - 1 of allowable patterns, an n-to-1 XOR tr b ilized to
qual i fy Eemechens ketyeen E@?@Rtgatﬁw%\r% %ﬁ%ﬁ#@-ﬁmﬁ%mbea W39 ent
al terati g a8@hRNafiMPinkt § AddpRBHcBIMEORGIHS developsd alberictiNtE yhatli || in the
art based upon a readin ndPor under st andi n%@ icati on and

: a of the spe b
annexed @eR&lRgEa disseete irancef@ne het dlavapkdaiigass: an I"'tQ'u"c% &§Me%hPPons and

al terati gRgeand qLsirg8AGH gatlern.not intended to be limted thereby. In
addition, while a particular feature or aspect nma gr?a?e be igcdi sclosed with

respect {Q053hI y ltorikalse b§@§?@iat¢mﬁbﬂ%¥%‘?’?t@ﬁ§@tieﬁ% QLRPECHIONSMAYCt may
be combi ged, W bhe eﬂsr;gfy?{amuﬁnqﬁ@g& bh8&d tisctPa PN arRFAIRAdBrRandd ST

i npl enent ati ons as esired. Furthernore, to the extent that the
terms "i the snesificatiornang anpexed Hegyvings: Jine disclogug/hereip pludesaliseheof are used

herei n; %b(aﬁﬁp‘é%r{s%arﬂ: é?teirétfoﬂg‘réﬁﬂ iél ger*é?aliyrfﬁ)lt néRditd bEHAREA thereby. KA

"conprising. 50, exenplary nmerély neant to _nmean an exanple, rather
t han t he apditien, whilejaspartigianfeatee ermspeet avaverkaenrdisgloped with reseed tand/ or

el ements g an%t(fQe\llﬁﬁﬁﬁh@le?ﬁ&ltéttdn'éséJcﬁtféﬁu?@ 6rfhsB@éttrh§Wﬂ;ti§‘Eorﬁbi'ﬁ§BWitﬁrb‘heand/ or

orientations relative one anot her for _pur poses o icity and ease of
under st antmege otaatifeatises ahdonasnests afiother énplamenialiposy apMayheAastad. my

di ffer suhahaniiral bind LA Raink lhHRviRhREs sy, HARo4mneariar e, the

present disclosure re lagnosi's framework to shorten yield
| ear ni ng veyarite thepdoftane hiser beyginh sdeh terms drednienied i ibekisks in MeaNBgh def ect

density sfaee Qianggh gfe%élo.%y(e%%w.iig }ﬁeréﬁl megﬁ%irﬁé(;?rpén frﬁ;%, (SRR khdne St

(QUT) structures a gned capture potential manu acturl_n? I ssues
associ at ¢k besthltdeslecto borppreciated thatfesturas; layersians/orelgnsents gepigtedr r angi ng

t he DUT r. [y I - G0 YAl d- har dened
though  h DB bt gtk it Barttlial Biiehibny Q@’S&?‘?&@@%ﬁ?‘?ﬁ%ﬁ DU
carri er another forpsgmses af sipplictyandress ioh Ledesstandingsanst thahthg@stuat at i on of

test pat Ler O dnd vatI oS fBhd HG GHPIAaSafo ROR ALERWatdy datRet s f or med

withint ures wthin er unit are simu ated and
st or ed i fi0G54] ooRhprefare| the(dresont disbioswigTelatas to laetiagnosisdtamemerkdo shorthst er i ne

"terati voeif PR OREs it eliibiop) b Hargiaipt o dlsBP om ieh e 07
fail ure aeatilystsge RRAFhnoTdysmaiustynAgilwality afrdelectundes test PUT) sirusiugerer
resol uti t%g% ?Qg%riegc{]tg Cc%}atu?%b‘é%}]fig%ﬁﬁﬁécﬁtr}nngégﬁfetseéss?ﬁgﬂegWiﬁr%fé%”ES’ and

opti mal n some enbodr nent's resent disclosure
rel at es farmeationt Atebt studtoreds forened hyizsanging thie DEJt siructluresiwithinggpdT ed

. A ble d PEDTN . q
conpr 1 si £8E A traret gospeerb e B fedFoloh FRISlClichHroish SRR o e
desi gned defiduedensity af tresPET toavrier DOIT issessentally zecn Mossiblesoudeomesgftanone process
;fzf:ﬂt : Y%pﬁlﬁ’c%eoﬁn %E{‘%Sﬁ@?"&ﬁ?é% aﬁé (/é'r‘f(}u%rfgldrg sgﬁ'ﬁirigg ?ags&Yat@t'i WAR Ql'efég:tstfgﬁned

47-



wWithin the QUT carrier unit such that a respective DUT structure forns a
connection between an output of a first logic device and an input of a
second logic device (e.g., alogic tree). An expected output is simulated
for a defect formed within the test structure, and stored in a | ook-up
table (LUT). Heuristic yield analysis is applied to the test structure to
identify the defect within the test structure. The | ook-up table is then
utilized to |l ocate the defect wi thout performng tine-consum ng physi cal
yi el d anal ysis (PFA). [0056] I n sone enbodi nents the present disclosure

relates tQ a tool arrangenent. confjqured to. locate efects in
an int egw&h@&h%ﬁ@ﬁ?tfuc g WE'P'”\%&&U? gafRs LRt gre ?'E‘”?i‘?f??%s@ “fB 38?% ne a
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i nput of aadséare in 4 tagkdipdebledeUT. Heuristicideld egalysis isepried iR ihertest one of nore
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i nt egr at Crrcul I'si ng ning a defect under test (DUT) carrier
uni t conmonfigured to Ipbateandt@agmbse dgiectsdeanct@tggrated circuiies feshveora pl urality

e pr oo SelErat 3 colffetl 8 dbohé REG Vefor Bbilesbbhiifib ¥ & 6t BRULERS ATauit 25t

one process sensi
simulation tool is confi gured to receive the test vector from the test vector generator and

to simulate an expected output of applying the test vector to the test structure which
corresponds to a failure location within the test structure. A look-up table is configured
to receive the expected output from the fault simulation tool and to store the expected
output. A measurement and analysis tool is configured to receive a measured output
from applying the test vector to the test structure, and to compare the measured output
to the expected output to determine a failure location within the test structure without
performing physical failure analysis (PFA). A failure mode associated may either be
determined through PFA or referenced from an earlier result.
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designing a test structure by arranging the plurality of DUT structures
within the DUT carrier unit, wherein a respective DUT structure fornms a
connection between an output of a first |ogic device and an input of a

second | ogi ¢ device; and simul ati ng an expected out put for a defect
wWithin the test structure, and storing the expected output in a | ook-up
table (LUT). 2. The nethod of claim1, further conprising: appl yi ng

heuristic yield analysis to the test structure to identify the defect
within the test structure; and utilizing the LUT to | ocate the defect

w t hout perfornin hysical vyjeld analysi PFA), T ] .of .cl ai m
1, wher efq{wg?r M‘? é@bp@me\é{sdbgipﬁqgea{ ‘?Q"ﬂ(iaﬂs("\r% é&%?%%y {él?delgg Lrﬂr?qdmﬂcggt been
yi el d- hagglenee dorippiply d@sfedtainder teseiDU Ty calres Usit and DBR Attusturese Thief y and
correct defects. 4. The netho f claim.,, further conmpri.sing: nerating a
ol 45 bi DU A drikOmpE R PREAIY RUORBEViges Htteg e Tbdie s alR, o |
netlist Qhetdialr@specthia IU?fbldéeice thae bee yiertharoened thiough hededticyi¢ld on  of
connections between the [ ogic deyi %ﬁthi. th test(f%r¥ctqﬁe f ormed by
the plur QP?'V‘}}‘S and physica! (Eﬂlg?qj@ ¥S|sd&3§fsA) o identify and correct defects within the

DUT carrier unit. A respective DUT structure comprises at least one process sensitive

component which comprises a connection between an output of a first logic device and

an input of a second logic device within the logic tree structure. One of more parameters

associated with the process sensitive component may be varied systematically within

the DUT structure to gauge an impact on yield and establish a lower-bound on the

parameter for manufacturability.
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simul ati ng an expected out put of applying the nulti-bit binary test vector
to the test structure along the connections forned by the DUT structures to
define a possible failure location within the test structure. 5. The

met hod of claim4, further conprising: applying the test vector to the test
structure to generate a neasured output; and conparing the expected
output stored in the LUT to the neasured output to determne a failure

| ocation within the test structure. 6. The nmethod of claimb5, wherein
conparing an expected output to a neasured output conprises:

obt ai ni ng a neasured out put conprisbggﬂﬁg out put binary vector describing
one or nore connections of the test ture; locating the output binary
vector i tfua4% and determning a failure | ocation conprising a
connect i 'WeFﬁ% test structure by identifying a |ocation
corresponding to a failing bit in the output binary vector. 7. The nethod
of claim1, further c ris

at a failure A H@éﬁqdotﬁ t‘ﬂ%‘?‘?ﬁ'@ﬂ”‘ﬁ? qe}%&%{ﬂ%r{n%p%éag&ﬁirﬁgt 4 méﬁﬁ?'ﬁﬁ Zt :nl;gteur °
and cat al ogi ndestdnihd @bibfeeeurted st @UT)Wamier uhiticomerisiag a plurality of logic
devices;
designing a plurality of DUT structures, wherein a respective DUT structure
comprises at least one process sensitive component;
designing a test structure by arranging the plurality of DUT structures within the
DUT carrier unit, wherein a respective DUT structure forms a connection between an
output of a first logic device and an input of a second logic device; and
simulating an expected output for a defect within the test structure, and storing

the expected output in a look-up table (LUT).

2. The method of claim 1, further comprising:

applying heuristic yield analysis to the test structure to identify the defect within
the test structure; and

utilizing the LUT to locate the defect without performing physical yield analysis
(PFA).

3. The method of claim 1, wherein a respective logic device within the DUT carrier
unit has been yield-hardened through heuristic yield analysis and PFA to identify and
correct defects.

4. The method of claim 1, further comprising:

generating a multi-bit binary test vector for the test structure;

compiling a netlist of the test structure, the netlist comprising a definition of
connections between the logic devices within the test structure formed by the plurality of

DUT structures; and
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8. The method of claim1, further conprising arranging the plurality of

| ogi ¢ devices within the DUT carrier unit to forma logic tree structure,
wherein a respective connection forned between an output of a first logic
device and an input of a second |ogic device conprises at | east one process
sensitive conmponent within a respective DUT structure. 9. The net hod of
claim8, wherein the process sensitive conponent conprises a |ithographic
sensitive pattern forned on one or nore of a front end of |ine gate
material layer, a mddle end of line interconnect |ayer, of back end of

line nmetallization |layer. 10. The nethod of clai.m9, furthe oppri si ng
qual i fyi ng a H¥&IBe éxle?‘B‘?cé?‘goﬁtPUtz‘?'f applying t %MF@%’Q?W&E?\%\' Cf:ﬂfg%g% use of
an n-to- {esKERdtire&longlthe cOniidtibn&formbg eyt DUTBtrugureadotdefihe agioesibled

di agnose defects_in an int e‘%r ated circult, conprising: a test vector
gener at ofalEhiprfignaythinthgdesisirugiufesst vector corresponding to a test
structure; a fault sinmulation tool configured to receive the test

vector fromthe test vector generator and to sinulate an expected output of
appl yi ng5t he Thasmethogiqdclaing 4 MEthee@MIASINECt ur e whi ch corresponds to a

failure | ocatjgilidg iHal tBsttvaetor &StheTbsts&LIBIURS to generat@alntdisurgy dutplitearkd-UT)

configured to receive the expected output fr the fault simul ation tool
and to store €HePasingdbe B¥PesAdRNPULigred in the ng?n@ggﬁpﬁ?éﬂ?dé)%lgﬁ%l ysis tool

conf i gur garRineaf il IGcaiBAWhRdhe WRYiruiireappl yi ng the test vector to the
test structure, and to conpare the neasured output to the expected output

to determne a failure location within the test structure w thout

perform pg phygd fRkhJdafHHIR SARARNH SorhBiry an ddectBidutiRlo amiaRgRgeNt of
claim11l, further conprising: a clock configured to control application of

t he test outpst 6eMPESaShe test structure; a controller configured to control

operation of pfginifesd megSirel Ul EsthBfisitd'sh biut binary vector describing one
or more connections of the test structure;
locating the output binary véctor in the LUT; and
determining a failure location comprising a connection within the test structure by

identifying a location corresponding to a failing bit in the output binary vector.

7. The method of claim 1, further comprising:

performing PFA to the test structure at a failure location as defined by the LUT to
determine a failure mbde; and ‘ ‘

cataloging the failure mode for future reference.

8. The method of claim 1, further comprising arranging the plurality of logic devices
within the DUT carrier unit to form a logic tree structure, wherein a respective
connection formed between an output of a first logic device and an input of a second
logic device comprises at least one process sensitive component within a respective
DUT structure.
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cl ock; a design tool configured to produce a design of the test structure;
and a netlist conpiler configured to receive infornmation about the
design of the test structure, to conpile a netlist of connections between a
plurality of logic devices within the test structure, and to send the

netlist to the fault sinulation tool to sinulate an expected output. 13.
The tool arrangenent of claim1l, the test structure conprising: a
first shift register controlled by a clock and configured to receive the
test vector fromthe test vect or generat or; a defect under test (DUT)

i it t f OUT

car i U AR Y oot GRS s SRR se gl kL of C
an out puﬁtho@raﬁh“f:lsemltl\bwmattendﬁwmed oamde an mcmqa)ut a bonteerslerfdine gategnetedelvi ce;

nd t t f dt
o0 ve R STGPUR SURdTod PR it B BLIER P e el el gr e 1o
measured output to the rreasurerrent and anal ysis tool. 14. The t ool

t I 11, t h '

(PEA) o8P cothe maed of ot Beilfhef fiRrsmo e BEE wiRer Bl 252l lr enent
and anal ¥fdwabl®pitternslthieuharseafbain-toreX0Bded. 0 a respective failure

| ocation. 15. Avyield learning circuit structure, conprising: a
defect under test (DUT) carrier unit conprising a plurality of logic

devi ces afr angeshl bitagdrAdliteohlifRedtolucito bad didgaoss defactsds pr drtegratedogi ¢
devi ce has been gleld hardened through heuristic yield analysis and
physi cal CG4t eRBPEI'ysi s (PEA) to identify and correct defects within the

DUT carrier Ufidst védiét generator configured to define a test vector corresponding to a test
structure;

a fault simulation tool configured to receive the test vector from the test vector
generator and to simulate an expected output of applying the test vector to the test
structure which corresponds to a failure location within the test structure;

a look-up table (LUT) configured to receive the expected output from the fault
simulation tool and to store the expected output; and

a measurement and analysis tool configured to receive a measured output of
applying the test vector to the test structure, and to compare the measured output to the
expected output to determine a failure location within the test structure without

performing physical failure énalysis (PFA).

12. The tool arrangement of claim 11, further comprising:

a clock configured to control application of the test vector to the test structure;

a controller configured to control operation of the test vector generator and the
clock;

a design tool configured to produce a design of the test structure; and

a netlist compiler configured to receive information about the design of the test
structure, to compile a netlist of connections between a plurality of logic devices within
the test structure, and to send the netlist to the fault simulation tool to simulate an

expected output.
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a plurality of DUT structures, a respective DUT structure conprising at
| east one process sensitive conponent which conprises a connection between
an output of a first logic device and an input of a second | ogic device
within the logic tree structure. 16. The yield learning circuit structure

of claim15, wherein the logic tree structure further conprises: a
final DUT structure which outputs a neasured value of the yield |earning
circuit structure; and an interior logic tree conprising a plurality

of logic devices of one or nore type, wherein a respective |ogic device of
the interior logic tree receives one or nore inputs froma plurality of OUT
structures, and sends its output to a single DUT structure. 17. The yield
| ear ni ng18&.i r Clliet tostartamgamenbdf odimi 1, e, tetiatriubiere comprisicd:ng a shift register

conprising a Lity.of i i i al | ed d
configured t ﬁ%ﬁ%]'@&é/gésq ’eiq%%?)'é‘% rég@Egaé‘@?@gﬁ%ﬁ%‘?s r %\%‘gglﬁ% V%?%F r iebuf1 2
t he test frech@test veqiargdneedto, ormat to the DUT carrier unit. 18. The yield
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14.  The tool arrangement of claim 11, further comprising a physical failure analysis
(PFA) tool configured to receive the failure location from the measurement and analysis

tool and assign a failure mode to a respective failure location.

15.  Avyield learning circuit structure, comprising:

a defect under test (DUT) carrier unit comprising a plurality of logic devices
arranged in a logic tree structure, wherein a respective logic device has been yield-
hardened through heuristic yield analysis and physical failure analysis (PFA) to identify
and corfect defects within the DUT carrier unit; and ' _

a plurality of DUT structures, a respective DUT structure comprising at least one
process sensitive component which comprises a connection between an output of a first
logic device and an input of a second logic device within the logic tree structure.

16. The yield learning circuit structure of claim 15, wherein the logic tree structure

further comprises:
a final DUT structure which outputs a measured value of the yield learning circuit

structure; and
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an interior logic tree comprising a plurality of logic devices of one or more type,
wherein a respective logic device of the interior logic tree receives one or more inputs
from a plurality of DUT structures, and sends its output to a single DUT structure.

17.  The yield learning circuit structure of claim 15, further comprising a shift register
comprising a plurality of scan registers which are sequentially coupled and configured to
receive a test vector as a serial data string and distribute the test vector in paraliel

format to the DUT carrier unit.

18.  The yield learning circuit structure of claim 17, wherein the shift register is
configured to receive a measured output from the DUT carrier unit and to distribute the

measured output as a serial data string to a measurement and analysis tool.

19.  The yield learning circuit structure of claim 15, wherein a respective logic device

comprises one or more logic gates.

20. The yield learning circuit structure of claim 15, wherein the process sensitive
component comprises a lithographic sensitive pattern formed on one or more of a front
end of line gate material layer, a middle end of line interconnect layer, of back end of

line metallization layer.
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