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MEMORY TESTER PROVI DI NG FAST REPAI R OF MEMORY CHI PS This invention
rel ates generally to the manufacture of sem conduct or nenories and nor.e
specifically towaRhissNg defective nenory cells. 5 PCYIUSHé/R8YaY
all conputers use sem conductor nenory chi ps. As conputer processors
have gotten nore powerful, t he anobunt of nenory needed in a conputer
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Ter adyne, 15 manufacturers of semiconductor memories. Namely, they must

reduce their cost of making memories.

One difficulty in reducing the cost of making larger
memories is that the chance of a defective semiconductor
memory increases as the size of the memory increases.

20 Thus, lower yields are to be expected as memory size
increases. Yield is, however, a very significant factor
affecting the production cost of a semiconductor circuit.

To boost yields, memory manufacturers include
redundant cells as part of each semiconductor memory.

25 Defective cells are replaced by the redundant cells to make
a completely functioning memory. Provided the repair can
be performed quickly, production costs can be reduced by
repairing defective dies.

The repair is typically made as part of the wafer

30 1level test. Each die on a wafer is tested with a high
speed memory tester, such as the J993 sold by Teradymne,
Inc. of Aguora Hills, CA, USA. The tester identifies dies
with faulty memory cells and makes a record of which cells
are faulty. The tester then computes which memory cells

35 should be replaced by redundant cells to repair the
defective memories. This information is passed on to a
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Inc. of Aguora Hills, CA USA. The tester identifies die |
{rﬁm)ry cells and makes a record of which cells are quI ty.WITLQ Igg![ Ea?/
toepecgrfutﬁs whi ch nenory cells 35 should be replaced by redundant cells
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lon, typically as an electronic data file. The repair
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it. The replacing a single row or a single column. By appggprzégélqd
15 usage of the redundant rows and columns, even memories with
nmany defects can be repaired using a few redundant rows and
columns. To get the best usage of the redundant rows and
columns, many memory testers are programmed to try
different ways to use the redundant rows and columns until
20 they find one that repairs all defective cells. This
technique is called a "brute force® technique. If there is
any solution that allows all defective cells to be
replaced, this technique will eventually find it. The
technique is, however, relatively slow. For large
25 memories, this technique is likely to be too slow.
An alternative method for determining how to allocate
the redundant rows and columns to repair specific defects
is called the "Most." With this technique, the tester
jdentifies the row or column with the highest number of
30 defective memory cells. One redundant element is used to
repair that row or column. The row or column with the next
highest number of defective cells is then repaired. The
process is repeated until all the redundant elements are
used. This method often works and is much faster than a

35 brute force technique. However, there are some patterns of
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technique is, however, relatively slow. For large 25 nenories, this
technique is likely to be too slow. An alternative nethod for
determ ning how to allocate t he redundant rows and columms to repair
specific defectsyponnrates Ccalled the "Mdst." Wth this techni quecTtidenssest er
identifies the row or colum wi th the highest nunber of 30 defective
menory cells. One redundant elenent is used to repair that row or
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el ements to thosea4‘5a%|IlPISJER?é’I‘:Ieé’rSihmcﬁfff'—‘ilﬁj§t° pecyAfS e dt ‘E‘hte edundant

elements to those faulty cells which must be repaired with
those redundant elements.
Even with the Must used for preprocessing, brute force
15 processes can be very slow and the Most processes might not
repair all repairable memories. It would be highly
desirable if there were a method to repair memory cells
which quickly found a way to repair all the defects in the
memory cell if such a repair were possible.
20
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t hose redundant el enents. However, even with the Miust used for
preprocessing, brute force processes can be very slow 15 and the Most

processes mght not repair all repairable menori es. Anot her
_technl que for i ngoemeissy t he speed at which menory repair pcaassebasopde
I s descri bed by Chin-Long Wy and Fabrizio Lonbardi in an article

entitled, "On the 20 Repair of Redundant RAM s, "I EEE Transactions on

Conmput er - Ai ded Design, Vol. Qﬁ@nﬁm l\ﬁ?% 7. In

particul ar, Wy and Lorrbardl descri or|t or ol repajring .,
defective menory cel | s "8t TRg rfe§§tm% RRIESRS 10 piRgs 1 Elo’v%\f"é"r obifgt
al gorithnms do not <fl waags ineention ro28uigpky mepaik| athtdefestofin ed medary
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SUMVARY OF THE | NVENTI g mnd, it
i's an obj ect of the(imﬁen\f/g’ffta %1r?gt aLH “}%J QJb?lei:g %{%%%g?ects I'n a nmenory
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i nformation obtalne | Ure information 1S
processed by assi gwmhgrarewsems @Bﬁuﬂ% et 9%&%‘#%\“6&? Vi@ E8R| saRet he
cluster. The rowrow aRdnbRé ¢EREESAlkbed hepieabats ofhalgmbér Wt cells in

the same defective cells in the same column as the defective cell.

The cell with the smallest number in its row column pair is

15 selected to be repaired. Where multiple cells have the
same smallest number, the cell with the highest combined
row and.column numbers is selected. The cell is repaired
by a redundant row if the row number is larger or by a
redundant column if the column number is larger. The

20 process is then repeated.

In one embodiment, the cells are grouped into clusters
of more than one cell in which each cell is cocllinear with
another cell in the cluster. One cluster of defective
cells is processed at a time. Clusters that cannot be

25 repaired using either redundant rows only or redundant
columns only are processed first.

In another embodiment, when the memory is organized
into segments which share redundant rows or columns, a
segment which can not be repaired using only redundant rows

30 or columns is first selected for processing.

In another embodiment, the first step in the process
is to allocate redundant rows or columns to those rows or
columns using the industry standard "Must" process.
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row and the col um nunber represents the nunber of defective cells in
the sane colum as the defective cell. The cell with the small est
nunber in its row columm pair is 15 selected to be repaired. Were

mul tiple cells heoerirase sanme snall est nunber, the cell w trcUssemisghest
conbi ned row and colum nunbers is selected. The cell is repaired

by a redundant row if the row nunber is larger or by a redundant col um

if the colum nunber is 'argehRI-Erf‘eDé’éQ:RI@&@éﬁséF Szt hﬁﬂwfmat ed.
I n one enbodi nent, the cel s are %e into clusters an one

cel| in which each celTh¢ Svsatin a‘f’l better Jtesrskapt l?’h rtr%}fgrce,?ﬁgter.
One cluster of detecthe/efollowinl| mors dutediescdesarimtipneandagcompanying
cannot be 25 repglLefhdts| Q,gwgllgﬁer redundant rows only or redundant
colums only are processeci' firs not her enpodi nent, when t he

nmemory is orgahi zed FIfnth ?e@n?ﬁ?%k \&ha@ﬁag‘hﬁgea TSRS REST SNV TS5

colums, a segnent whi cineamporatihe tlepdnvedtisnng only redundant rows

30 or coI ums is first.selgeted f 855LBgrat o Sn@t her
enbodi nent, the first %Jfé ﬂntl%he g?a&eés}g |§atlongalal ggg%e redundant rows

or colums to those rows orsemc%’éPEFrﬁE BE¥Y it he i ndustry standard "Mist"

process. FIG. 2B is a diagram illustratint clusters of \i®u3¥E07459

PCT/U896/1289fb in a memory region with multiple segments;

FIG. 3 is a flow chart illustrating the méthod of the
invention;

FIG. 4A-4E are diagrams illustrating one example of
the operation of the method of FIG. 3; and

15 FIC. S5A-E are diagrams illustrating a second example

of the operation of the method of FIG. 3.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be better

under st ood by reference to the following nore detail ed description and
acconpanyi ng drawings in which 5 FIG 1 is a block diagram of a
menory test Systw097/07459 i ncorporating the inventi on;PcTase6/12894
FIG 2Ais a diagramillustrating a region of a

sem conduct or nenory; FIG 2B is a diagramillustrating clusters
of faults 10 [ RESPF My 'o30h | t4 Segent s;

FIG 3 is a flowchart ill %sgtgcr:atl ngéi\{ ﬁg‘gggtgh%ﬁd&#g#he%& .

i nventi on; FITEG 4 A- BBOWP & Sty SHECPT | SRSy 3P I TP P RERDI B° of

t he operation of the matifadtote b sedicandudbor memor¥| chipsA- EMamertksagr ans

i :cl ustrating a segpRlegBeaMak8a on a wafer 110A HeddBBiRPEER AR kRbwh e met hod

of FIG 3. 5 process. Wafer 110A is presented to a test head 112 where
each memory on wafer 110A is tested in response to commands
from test system controller 114.

Test head 112 and test system controller 114 are part

of any commercially available memory test system. The J9%93

10 from Teradyne, Inc. is one example of such a test system,
but any commercially available memory test system could be
used.

Test head 112 interfaces to wafer 110A so that test
signals may be written to and read back from each memory on

15 wafer 110A. Test head 112 and test system controller 114
operate, as is known in the art, to detect cells of each
memory on wafer 110A that do not operate properly.

As is known in the art, test system controller 114
processes the information about faulty cells in each

20 memory. When the memories contain redundant rows and
columns, test system controller 114 computes how the
redundant rows and columns can be used to repair the
defective cells. Test system controller 114 includes a
computer and the computation is performed in accordance

25 with instructions programmed into the computer.

Once test system controller 114 determines how the
defective cells in a memory can be repaired using the
redundant rows and columns in the memory, this information
is passed to a laser repair station 116. Wafer 110A is

30 moved to position 110B at the laser repair station 116.
Laser repair station 116 uses the information provided by
test system controller 114 to repair the memories on wafer
110B. The repairs are made by directing the laser to alter
portions of the memory chip, causing the defective rows and

35  columns to be disconnected from the memory and connecting
redundant rows or columns in their place.
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- 5- WD 97/ 07459

PCT/ US96/ 12894 DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
FIG 1 shows a test system such as m ght be used in t he manuf acture of
sem conduct or nBYBRYefEd PS. Menories are fabricated on a V\ﬁé,ﬁ{l
according to any knowmn 5 process. Wafer 110A is presented to a ess#&#gﬁd
112 where each nmenory on wafer 110A is tested in response to comrands
fromtest systemcontrgller_ 114 Test .he 112 and test syste
control ler 114 are parfi(‘l‘c" BAofl‘Ta‘fﬁfr&EﬁﬁeF‘éﬁfﬁvcégg}'lébﬁ ETRBRLFYE1ES°
system The J993 &t@¢ regdanTe?A@dhe@ memeryi s oregéranirscef lxuctntaimest

system but  aiheuRHERS 6 abd ) s2bRbhAbEEs MRIFRY Yol nd X8l B & OUl gh e
used. Test head.l&Z i nterfaces to wafer 11DA so tha}t1 t est ,
memory might have one or multiple regions. Each region is

5 the portion of a memory which can be repaired independently
of any other region. Region 200 includes redundant rows
212A and 212B and redundant columns 214A and 214B, which
are used to repair defective cells in region 200.

Region 200 is divided into segments, S0, S1, S2 and

10 83. Redundant rows 212A can replace rows in segments S0
and S1. Redundant rows 212B can be used to replace
defective cells in segments S2 and S3. Redundant columns
214A can be used to replace defective cells in segments S0
and S2. Redundant columns 214B can be used to replace

15 defective cells in segments S1 and S3.

The number éhd arrangements of regions, segments and
redundant rows or columns is selected by the memory
manufacturer. The numbers and arrangements shown herein
are illustrative rather than limiting.

20 FIG. 2B illustrates the formation of clusters of
faulty cells in region 200. As will be described below,
the faulty cells will be processed by clusters. A cluster
is a group of faulty cells, which must contain at least two
faulty cells. Any two faulty cells that could be replaced

25 by a single spare are in the same cluster. Grouping of
cells in this fashion is associative. For example, faulty
cells 250 and 252 would be replaced by use of one of the
redundant rows 212A. Thus, faulty cells 250 and 252 are in
the same cluster. Faulty cell 250 and faulty cell 254

30 could both be replaced by use of one redundant column 214A.
Thus, faulty cells 250, 252 and 254 are all in cluster 260.

On the other hand, faulty cell 256 is not in the same
row or column as any cell in cluster 260. It would not be
replaced by the same redundant element as any cell in

35 cluster 260. Therefore, faulty cell 256 falls into a
different cluster, cluster 262.
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signals may be witten to and read back fromeach nenory on 15 wafer 110A.

Test head 112 and test systemcontroller 114 operate, as is known in
the art, to detect cells of each menory on wafer 110A that do not

oper ate properl|ywo 9707459 As is known in the art, test systenpefibdside’
114 processes the information about faulty cells in each 20 nenory.
When the nenories contain redundant rows and col umms, test systgm 4
controller 114 conputes r gggaqn o] 0 n,.be use
to repair the def ec?%\é"% m Te gﬁﬁl st%méc\(l)mf&{%qllg L‘%niljll [ %%I udes a

conputer and the coerﬁﬁPQH%rF? §1B§FF s‘| PRE cRAdarediobn diqlyster is
i nstructions progr &armednean ontdheacoms?erone other celdndea tistcligiefn For

control ler 114 det gy hBgss WO ddining SRIRGH! Ve"éﬁ”lfﬁeﬁ@“%mgﬁﬁpkx?ﬁaampe

repaired usin he redundant rows and colums in nory,
i ml‘oor mati on ’ E i s G548 oY 9 5?8?“"‘?%5?% tEFa’E% spege. \\afiys 1 10 Ashapldo

moved to position beOBotedtitmt greupiwpadf celdsiintcl Bdusters Liaser fﬁxleflﬂﬂdnlm
station 116 uses t o) \Y t syst cant er
ﬁ%e\s:ﬂ% néfv\%ﬁ%t%ﬁ ﬁggq'xépfaulté% cees.l.tls Xg &g.nt ab E:

to repair the meno s T Sare Tede y-di recting
the laser to alter a¥ranggpentoxf §Pa¥e®- nenory chip, causing the defective
rows and 35 col ums t oAbgasll t9f @¥1eCHRBICH @ mbhemiBiAINY, 25d1 GRIMIEGE LR

regundant rows4gr %og%%#ﬂgt@eicrelfllag%ot assigned to any cluster. A
bCT/b896/12894 faulty cell which has not been assigned to a cluster is
' termed a "singlet." Singlets are processed differently
than clusters. If a region contains only singlets, no
spare can possibly repair more than one faulty cell.

15 Therefore, certain steps which serve to allocate redundant
elements to repair multiple failures in a cluster are not
needed for singlets.

The cells in a cluster are also "exclusively co-
linear." "Exclusively co-linear®" means that all cells that

20 are co-linear are always in the same cluster. No cell in
one cluster is "co-linear" with a cell in a different
cluster. Thus, clusters are defined as groups of mutually
and exclusively co-linear fault cells.

Turning now to FIG. 3, a flow chart of the memory

25 repair process of the invention is shown. As described
above, test system controller 114 determines which cells of
the memory under test are faulty. Also, as described
above, an industry standard Must preprocess is used to
allocate redundant elements to some of the faulty cells.

30 This fault information remaining after the preprocessing is
further processed as shown in FIG. 3.

The process shown in FIG. 3 is an iterative process.
Each pass through the process results in one redundant row
or column (hereafter more simply called a “spare") being

35 assigned to replace one row or column of the region 200.
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FIG 2A illustrates schematically the organization of one region 200 of
a nenory. A region typically contains t housands of cells organized into
rows and col unms. Each menory m ght have one or mnultiple regions. Each

region is 5 thedfphisen of a menory which can be repaired i NnGRARIEIEIY
of any other region. Region 200 includes redundant rows 212A and 212B

and redundant colums 214A and 214B whi ch are used to repair defective

cells in region 200. | divi ded | pt e nts, SO S1,
S2 and 10 SS. RP%un(f’arletferr5ﬁg A?énaeﬁqr‘epﬁa & T ONE oﬁ lgleGS gngs o) and

S1. Redundant roweerfimedapnbe comritey dapregle systepecertiaidezelld-in
segments S2 and S3. Refhin@adtess! sfMEIc. 3 2ddfesaitebeivepseivelephace

defective cel |5 |0 SEUBNLS 20 ne WL IRV Pl 243800 0

used to repl ace 1% ect _
number ‘and ar riangemeik fldf SPég@%r%re s@gﬁentghamocessmﬁmﬁam E5%B B0,
colums is sel ectgglidy dteri®ABE YwhetheFRRUL AW ce'ﬂng HerED Reenand

arrangenments shown_her ei | J.us ratlve rath linmtin
FIG 2B illustratESP1IRe ‘#]or ﬁt?ﬁ)ﬁ %ﬂ 118 haverRes repla %1 t ec@FPgegﬁ ’Pegl on
200. As will be desmpldiadi.bel ow, the faulty cells will be processed by

clusters. A cluster f'i%fis%@irl&n?f @Y off SdritinBsChe Misdp ®3qBtai n at
| east two faulty ce t Wo au%ﬁx cells that coul d be repl aced 25

by a single sphreStfR 11 £fte HReg | han RPTR ATSg™BFC SPaT&S s in this
fashion is associ athaknireor Efavpéxs dreuinbysparesgieigifbly armkezB2ionul d be

replaced by use Ong@etéyhﬂhgges 5%@#@43nExé£WEid%l%érmTXEE%s'ﬁ%UEBy cells
250 and 252 are in he sanme cl uste(i}r Fau é cel §H250 and faultx cel |

254 30 coul d bot ﬁx"b%p?ﬁﬂ SZeHTHYF R t:18ﬁe £ DU TEERR
Thus, faulty cel | sof30e Rpaiaad.254 are all in cluster 260. On the

other hand, faulty Ce'kxgvéiﬁﬁ:.gi BE‘B é&lé h:% §%€B 314 rﬁ‘é’ Qéeﬁoiﬂm t‘!’i% any

cell in cluster 260 pl aced b same redupdant
el enent as any cePyoPer 3 GPuéiL%‘Pa?GCfaul’FHeF%Hﬁ dn Fﬁﬁ?tf/”é@q EBE“’FAI | s
into a di ffer tatcolntsder, Theshenbed? are stored for later use.

- - Processing then continues at step 316. At step 316, a
check is made to determine whether the current pass is the

20 first pass through the process. In computer software, such
a check can be made in any number of ways, such as by
setting a flag before execution of the process and then
clearing it at the end of the process. During the first
pass, the execution proceeds to step 320.

25 For each pass other than the first, execution proceeds
to step 318. At step 318, a check is made whether any row
or column must be replaced with either a redundant row or
column. Step 318 uses the industry standard Must process
described above. Step 318 is skipped in the first pass

30 through the process because, as described above, the
failure information is preprocessed with the Must process
and this process does not need to be repeated until the
failure information changes, i.e. by allocating a redundant
element to repair some cells as described below.
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The cells in a cluster are "nmutually co-linear." "Mutually co-Ilinear™
neans that each cell in a cluster is co-linear with at | east one other

cell in the clus}§9nisy purposes of defining clusters, "ganbd ¢
means that two 5 cells would be replaced by the sanme spare. Thudss?l,gml??4

shoul d be noted that grouping of cells into clusters is a function

of the distribution o he _f K lsle nt of
spar es. A ff’:lru tgcvé%%r;&\ll\mg s Aaitlsle 188 £ replac@hdn@eEent o

'S not tually co-lLinear with 1
another faulty c&3SsPg AStPAXIHES £ AP 3I3§gt‘g??rélﬁpares ?zéeulatsflg'é‘?g
whi ch has not beeamwm adssgneows ;ardd cloduvmes gss described el ox-"singl et . "

gim“)g/' E.t ﬁgf‘retespr ‘r’]gesse(ifghg‘; g&gﬂtnclﬁ’ colu:lg?§ have (i!d%ﬁi:ﬁf&é{ |ﬁ‘oraré1$1}%dﬁi}e@1(int a: ns
, DQSSI | repair nore than one fau cell .

15 ~Therefored cét ﬁtﬁpsgéﬁs %ﬁ%lgﬁrvé&tec?‘% F8catP Pg&m fhSteP 328,

el ement s Lo r epaiqLustksphes Fidnrisiean daissbenedainatsht be nmedogof or

singlets. T | er e . E6Ch.L St co-

S g Btk ld At it gty ©

co-linear are al wgpstrnctheulbinteldsked 1ig4 daEp| strpcturegntn GURNEPT s
;C]?-l | gear " with m%n:ciﬁ‘lyl i nlaahdf'édladyenéll is gresessed Thusurol uskamts ceid
efined as gr.ups; 0 | Y3 £0ad J f :
Tarning now £3 Fid cHESkHR b aeeesAlBeSyting 2y 16060 Tl AAH LTS |
invention is shovin eash déstralrapdy Stapbd, tI§s¥h§y%?]ém"50ﬁ? o1 =3 e 9
determ nes whi ch gl angf cell imeanyedisy, ulds usel oo estfaxtil &ynevAllset.as

PO P B S Pl SR GO PEACESa? Mt tes

to that list. However, if the cell is co-linear with cells

15 on multiple lists, those lists are combined into one list
and the cell is added to the combined list. Once all
faulty cells are processed, each list with two or more
cells represents one cluster.

It is known in the art that linked lists are a

20 convenient data structure for quickly sorting or grouping
items. However, linked lists require a large amount of
memory because each entry in a list contains, in addition
to the data values for that entry, pointers to the next
entry in the list. If computer memory space is limited in

25 test system controller 114, it might be preferable to
construct non-linked lists in memory. A non-linked list is
created by storing grouped values in consecutive locations
in memory. Such a list uses less space, but to combine
lists, it is necessary that data values be reorganized in

30 memory to have all entries in the combined lists stored in
consecutive memory locations.

It should be noted that cells in rows or columns
which have, because of processing at prior steps, already
been designated as being replaced by a redundant eleménc

35 are no longer treated as faulty cells and are not included
in the clusters. Thus, as rows and columns are identified
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30 This fault information remaining after the preprocessing is further
processed as shown in FIG 3. The process shown in FIG 3 is an
iterative process. Each pass through the process results in one
redundant row  wdrgepbumm (hereafter nore sinply called a "s . | ng
35 assigned to replace one row or colum of the region 200. W‘J"EJS}‘/BEJ‘

- 8- WO 97/ 07459

PCT/ US96/ 12894 In a._preferred g t he process o i S
performed in a corrp{ﬁrerr"’lprjra{:%?ntsﬁtz‘nf@ H‘E‘ &leTf £s, the ¢ usﬁ?r’és ﬁl}aé’cess
of FIG 3 is repeatdthngesratively until al I rows or columms contai ni ng
faulty cells are repl aC%&Esélﬁ@tddntQ'nhe%p&Eeétey @zuseoht R sPELESSSan
starts at step 310, det er m ne

f aul t,I;‘1 ce(I s ave been
Tl foea 11 ol 1 alTEn PetE AR Poneas b aah, cuated s The” Uiy, e
If fails remain5 exannasmtéontpms:faﬁogie@ A ues0 Whap the2 rdea kuaniises

\;\Qﬁér‘ﬁ[ nz;hereieglrjﬁ :)sz‘e Sﬂgar i€R ?erelrxﬁrit%' Be89gndtfed RET € a{r?dl%t%ﬁaﬁﬁét tthe _

: SO termnate wever, execut]on nates in
an exception or€ n’é'}srrt?rr EBRJPE |’?ﬁ?al}é’8§u§’ét "hé‘l‘fﬁ'é %églagﬁxigﬂl not
be repaired. 15 reddbdammt rows pricteets ukbing tay &bdundamt stodpmB& 4, the
nunber of "co-lineagonfeitdehy, Cthdrs tHe 2GH1HOW 168! UMich nekaikOUNt ed.

The nunbers are sto&ed for later Lil
10 esignated R*, the cluster can not be repaired with the

available redundant rows. Likewise, the ¢ value will be
true or false, indicating whether the clucster can be
repaired with the available redundant columns, without
using redundant rows.

15 An available redundant row or column is one that has
not already been designated for use in repairing the memory
under test. As the process of FIG. 3 is performed,
redundant elements are designated one by one. Thus, the
{(r,c) value assigned to each cluster can change at each

20 pass through the process of FIG. 3.

For example, FIG. 4B shows two clusters 414 and 416.
In the example of FIG. 4, the segment has three redundant
rows and three redundant columns. One column has been
used, leaving three redundant rows and two redundant

25 columns. As clusters 414 and 416 could each be repaired by
using no more than the three available redundant rows ox
two available columns, they are each assigned a value of
{R,C).

The (r,c) values are stored as part of the data

30 structure for the clusters. In addition to assigning an
{(r,c) value to each cluster, an (r,c) value is assigned to
each segment. The (r,c) value for a segment indicates
whether the faulty cells in the segment can be repaired
using only available redundant rows or columns,

35 respectively. The segment of FIG. 4B has a total of five
rows with faulty cells and four columns. As there are only
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Processing then continues at step 316. At step 316, a check is made to
determ ne whether the current pass is the 20 first pass through the

process. |In conmputer software, such . a check can be nade in any nunber
of ways, such asyyes setting a flag before execution of the nd
t hen clearinakytmg?gthe end of the process. During the fi §@8§§3ﬁ$§

t he execution proceeds to step 320. 25 For each pass other than the
first, execution proceeds to step 318. tep 318, .a check is nade
whether any row HTs U3 b RSP UBBARE e ANt TP dHARPLS CCRHIERE T ow
or col umm. Stegpl8h8, uthis tsrgriendussryssigardard Mist) praduesst

descri bed above. &i€p+318 is skipped |n the first pass 30 through t he
process because, as described above, re. i nformation

g

preprocessed with the FfsMePPHtEs ST W "Eﬁdﬁfd{‘ﬁ ap oﬁ}e%’%e’ﬁﬁe?ﬁ’&tm‘ﬂé‘éalf'o be
repeated untils t heegmentbai the ecelifsomsadeciatechamybseach esetbypfatédrdnnng a

r edundant o SURlerkd §EPAbs tRUFRaCELbar 21905 CHOD UaliBh Y FIG. 2B

PCT/ US96/ 12894  shows thatpedyndantaralumns #1458 aEsitthe o@lyofFolumsacenent
are passed asayfilabteets Feptircpeldds, inizegmeRparsls amde SassSi ginee to

those rous and ool yEIR.A56HesGiiAe BELOW s sour cotddnd'da’ QUEndl GBI UMM

are identified for rep Fa&énen execut1on pr 0 step
320. At step0320{more than the available three column spares), a row spare

must be used to repair cluster 260 and cluster 260 gets a
C* value.

Cluster 262 also has four fails in a row, but, because

of the placement of those faulty cells, does not require a
15 row be used to repair the cluster. Specifically, cluster

262 has three faulty cells in a row in segment S2 and

another faulty cell in the same row in cluster S83. The

three faulty cells in segment S2 can be repaired with

redundant columns 214A. The faulty cell in segment S3 can
20 be repaired with a redundant column 214B. Thus, those four

cells in a row can be repaired with available column

_ spares.

Once (r,c) values are assigned for each cluster,

execution proceeds to step 324. At step 324 a

25 determination is made whether any clusters are "eligible®
for repair. &4 cluster is "eligible® for repair when it has
an R* or a C* value. Where any cluster has such a value,
execution proceeds to step 330. In a preferred embodiment,
a flag is set at step 320 when any cluster has a value of

30 {R*,C), (R,C*) or (R*,C*) and step 324 branches to step 330
when that flag is set.

At step 330, those clusters which are eligible for
repair are selected for further processing. In this
further processing one redundant element will be allocated

35 to replace a row or a column %n one of the eligible
clusters. Clusters with an R* value will require at some
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clusters are identified. Various nmethods m ght be used to group cells

into clusters. One process mght be to construct nmultiple linked |ist
data structures in conputer menory. Each faulty cell is processed in
turn. Each cell 8g, hecked to determ ne whether it is co-|I ] a
cel | I n each |95,Pﬁg ready started. If the cell is not co- I?ﬁ@%”mgg?
with any cell in any list, it |s used to start a new |list. If the cell
is co-linear with_a.cell on.a addeg t o that #bé'tee However ,
if the cell is coPPiREaf TR t"I §° bP% JSPREE; ¢ forers are
conbi ned into onesitept 330 speuifiiles that the efddeuetcpndmessbn@istm:hlldi sthlyOnce
al | faulty cely b?l?rﬁ @cSHﬁﬁxS%%da éf&é'té:‘ %rT:.tW SH ﬁ*‘"’Qra‘i{x fror ells
represents one clu own In the art that |nke Ilsts

are a 20 conveni €ﬁFPd3{’3 %‘?"?‘ii‘t,ftl&?etlf‘ﬁ? fQ’Lﬁ EI%P?CEB? i 8rCorfpenyill

items. However5 | ionigdbei sémsaireduivteh aa | medymdanpunéw of Clusteesorithdealse
each entry in a ligt ge0oRsgi NSox V&lﬁgdé$ﬁfl{‘ be 591:[‘%9 ﬂ@ha gﬁ&esﬂ for that

entry, p0|nters to the _next entry_in menory space
is linited in 25 TESYpdans %N Bner 6?@@%“#’&“‘% gtﬁn [‘Séabr%ﬁﬁratﬂtépt 0
construct non-linked aesignammtyfuﬁmﬂrbabedmg s-.touua seledd @dthdrby

SLOTI NG 9rouped VAl Ygal BGONAGP UL X LAGRLR" S o1mn V) UBIRLY e Uh R L

uses | ess space, I'S necessar values
be reorganlzeéolnthgt feUBEST+ 0 have all entries in the conbined |IStS
stored in consecut s\sepn’swrcsbds@&a&tens data structure in theStifutebe

noted that cells i N g_\g/sogr %een 5%em °°7¥@ ‘i*le*r‘aiﬁ. bel%augfugt%rprocesm ng

at prior steps, al'res esi ghaté - as berng re 51 ace
redundant el enent e33gibie for |fnrghert progesting aaelx@en@elfhsdaxm t:heednoa

| nel uded N RSuEkUEE O SneldU B uBeef 0 Wt ie ?giﬁa;g?rmmwstsd
15 the data structure representing eligible clusters could be
merely a list of pointers to the selected lists. Howevar,
many other ways to represent selected values are commonly
used in computers. In addition to the list of eligible
clusters, an indication of whether a redundant row or
20 redundant column should be allocated to the cluster is also
included in the data structure.
The data structure representing the eligible clusters
is then passed to step 334 for further processing. Step
334 selects from the eligible clusters those clusters
25 meeting a first level criteria, termed a “narrowness"
criteria. *Narrowness" refers to the minimum number of
rows or columns which contain faulty cells within a
cluster. For example, if a first cluster has faulty cells
in three rows and two columns, it has a column narrowness
30 of two and a row narrowness of three. A cluster with
faulty cells in a single column and five rows is more
narrow in the row direction, but less narrow in the celumn
direction. It has a column narrowness of one but a row
narrowness of five.
35 Step 334 selects only the clusters which are the most

narrow in the row direction and those which are most narrow
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repl acement with redundant el enents, the clusters may change.
Processing continues at step 322. At this step, an (r,c) value is
assigned to eachyglediss .- The (r,c) value 5 represents a papér ,9%6,55391 ean
val ues. When the r value is true, which hereinis de5|gnated

I ndi cates that the cluster can be repaired wth the nunber of aval | abl e
redundant rows w t:ho u anty,c S Y, when
the r value is fal E'ebyn\ﬁhlé% %lzfeggy&? gw%gtsedl%tscgﬁ uster can

not be repaired WSt RES mt*a\ﬁml&m %ﬂ’eﬂ&ﬁ‘d&n?@% O] Rév\ﬁ‘s%mgﬁﬁe c
value will be doluenerifel Ihosendithtd narevbehdss dfhenel ustrehess e

repaired with the &vgh{:ﬂb Ead G420t AT Sl N cluseld R yedundant

rows. 15 ab &Je undant row or col ufm 1 s Qne not
al ready been d35| LSS FHOr EPEF 19 WP hECHEMSy 1-e- HdeR test. As
t he process of FlI @arsowsemrdﬁ)rtmd Step riddupndaninwdseientbiarashdengnat ed

one by one. Thus, xﬁml it {derifi@bUenaSairldnad h&rLRmlesc! HBt£I1 @aR change
at each 20 pass t t rocess of For exanple, FIG
4B shows two cl ust ggﬁ ‘glarﬂf‘p ‘gt@hétﬁ‘k%ﬁﬁﬂee rspresentipg the
segnent has three cﬂadueﬂarﬁllglblleoﬁerambltai&l‘eﬁente:tblrnh%nbedotcurmﬁ‘st thse
corum has beqR ciud3gds dARUNInbNEE A&dgggégwnésos“% a@ge 28 f%unga%g 25

colums. As clusters eac e repal red
more than the thr@@dathrsaflysteygnbaning dhe mmmum twramﬂi%tblnetbel umes,

they are each assigglefinadirtddticdf. The (FvwChand coiumn narfbenéds Glalvak upse are
stored as part of jig dalAedln THANCAUES JiQhuctlfe IS UGEE, udd! addition to

assignin an
9 9 Execution then proceeds to step 335 where the

15 selection of eligible clusters is further processed. At
step 335, each faulty cell within an eligible cluster is
assigned a rank in the form of {n,m), where n is the number
of faulty cells in the cluster in the same row as that
faulty cell and m is the number of faulty cells in the

20 cluster in the same column as that cell. For example, FIG.
4B shows two clusters, 414 and 416. The faulty cells in
cluster 414 have ranks of (1,3) (2,3) (2,1) (1,3). The
faulty cells in cluster 416 have ranks of (2,2) (2.1) and
(1,2).

25 At step 335, the best rows and the best coclumns are
selected for replacement based on the ranks. The best row
is the row containing the faulty cell with the smallest m
{column value). Where there are multiple faulty cells with
the same smallest m value, the best of these is the one

30 with the largest n value. The best column is the column
containing the faulty cell with the smallest n {(row value).
Where there are multiple faulty cells with the smallest n
value, the best of these is the one with the largest m
value.

35 As described above, each cluster eligible for repair
has associated with it an indication of whether a row could
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(r,c) value to each cluster, an (r,c) value is assigned to each
segnent. The (r,c) value for a segnent indicates whet her the faulty
cells in the segnent can be repaired usi ng only avail abl e redundant

rows or col ums,, spectively. The segnment of FIG 4B ha of
five rows with épa{f?ty cells and four colums. As there ar %Cgﬁ#gé’l%“

- 11 - WO 97/ 07459
avai | abl.e redun vallable

PCT/ US96/ 12894 three

r edundant colkiﬁnfse,pqlal‘? P LB FR 58%% r&ﬁ’ T?ecg)"vSFﬁ epreould

(R, C). be-grepiaredi with i weduhdart sidmentel efmntcduspeans miitdhpl e 5
segrregt S, OIt he celétlz% @aa%gbaaeﬂow%agecm@eta How, ﬁéﬂi‘ﬁﬁyet beséefcgﬁq@ s is
consi dered separa or ws_tha un

col ums 214B are ?%éey cg rrl%sugtersaﬁéfﬁ’gblle ft%E FeRadn WiEh 8 ‘F%L‘g'g’grrents
S1 and 'S3. Si Ace only ctlhesbest 26luwontisi seleetidd | Rofockustersnadigibleegent
S1 10 (nore tharfam%e? %I @E’iﬁ émﬁ% aokmxselaesiﬁma thRoEBR! fow or must

be used to repair_clus cluster
Cluster 262 al so ‘Tﬂ;?é‘%&rs Fﬁ?’?%""ﬁ'% aIF‘o'v'\P"%LFtaS éEEﬁ%’ém' thgs m; (PIMement
of those faulty cedluwe ofoebenbést e celh IS comparbé tiseathet o {e@al wat:lhe

cluster. Specifigaldpg f? ggs{:g umn ceﬁﬁz tﬂr&@ g%éhtcel bfel B W in

segnent S2 and anot e same row I n_cluster he
three faul tyi@el |_E |'ﬂ‘%€§ﬁ§ﬂf°‘$2c‘@én "SecP’Bﬁ?ﬁa’T g4 Fo,fpR m value of the best

column cell as a co-argument. As before, the selection is
made based on the smallest argument and the largest
coargument.

Once the best element or elements are identified for

15 each cluster eligible for replacement, the over all best
element or elements are selected. As above, the element
with the smallest argument is selected. If multiple rows
or columns all have the smallest argument, then the one
with the largest coargument is selected as the best.

20 It is pcssible that multiple rows or columns will have
the same rank such that there are multiple best rows or
columns. In that case, all of them are retained with a
single best being selected during later processing. As
before, the designation of selected rows and columns is

25 made by constructing a data structure within the computer
memory in test system controller 114. Any convenient data
structure might be used, such as a linked list or an
unlinked list.

Processing then proceeds to step 336 where a single

30 best row or column is selected for replacement. If a
single best row or ceolumn has already been selected, then
this step is not necessary. O©Of the rows and columns
selected at step 335, those which are *"uncrossed" are
preferred for replacement. "Crossed" rows or columns share

35 at least one faulty cell with another selected element.
Thus, step 336 determines for each row or column selected
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redundant colums 214A. The faulty cell in segnent S3 can 20 be repaired
with a redundant columm 214B. Thus, those four cells in a row can be
repaired with avail abl e col um spar es. Once (r,c) values are

assi gned for eactyguhihiss! execution proceeds to step 324. 24
a 25 determnation is nmade whether any clusters are "eligibl eﬁé}mﬁk@?‘g

repair. A cluster is "eligible" for repair when it has an R* or a C

val ue. Where any ¢l r u val execution proceeds to step
330. In a prefer ra(e;tdgg%%ozd{lkrar}rlﬁse, %t]mé‘era ?#ngaullgysce%&elft ttg‘?gp HEMRER Sy
cluster has a valt@toFowrr qoumg)and Rler pther (FpwsCoy gadumissededtet anches

to step 330 wregtbpad3dd | aTheSr6®lor column with thleCPedad: JHaeeg sldrsters

whi ch are eligibl ai | e d for, further processing. In
this further %P%ggsgs?lnlgg g%es%é %ﬁe,a%s g?‘%rrseln'}glvﬁ ?’Fggé allocated 35 to
repl ace a rowlor a cof@nfRs9f dhersf theee anegmyleirle rewgserrepludngst er s

wi th an R* val ue ndlekling efhb Ic@ier$@NEor the single best, one of those -
12 - 97/07459

PCT/ US96/ 12894  STeMeREs (o0, be §GL8STR PIFRe T s e AL FEFRaEYSLY, 2
Ther ef or e, sPrgissenep ot replaning tehaowuet ralugnovdekt e dholnwdedn| y
apply a col um t anatBeUsédestiihg ap fep/alkde. ko kKafBle, stel) 8B6 ht
specifies th% trg:%oclsgsgse_r evvist.h i‘eqk:eé/tal e Wl °r5 ong be repaired with a
redundant row. CUSCEFs vvltts"n 531" AN %F‘"s‘h%i forcrep %ﬁ?}"%ul g p
repaired with eci when ghere are more redundant rows available or a column
where there are more redundant columns available. 1In
situations where there are only rows or only columns
available, then step 336 must select an element for
15 replacement for which there is a redundant element
available. Alternatively, test system controller 114 might
accept as an input a preference for a row or column to be
replaced when there are multiple best rows or columns. A
user might then specify this preference based on the
20 architecture of memory 200.

Regardless of the criteria used for selecting between
rows and columns, if no single best element is selected,
one of the best can be selected randomly. The selected
single best row or column is then passed on for actual

25 repair.

Processing continues at step 338 where spares are
applied. In the system shown in FIG. 1, the processing
shown in FIG. 3 is performed in test system controller 114,
which is separate from repair station 116. Thus, spares

30 are applied et step 338 by creating a data structure which
indicates which of the spares is allocated to a specific
row or column. That data structure is later passed to
laser repair station 116 where the indicated spares are
used to repair the indicated rows. However, if the

35 processing of FIG. 3 were performed within laser repair
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redundant row or a redundant columm. In that case, step 330 desi gnates

that further processing could select either a redundant row or a
redundant columm to repair failures in 10 that cluster. Step 330
constructs a da d7i4gt Ure in the conputer menory of test PCHGd
controller 114. R?%e clusters eligible for further processi ng ar gﬁqw"
identified in the dat a structure. Were clusters are identified by

l'i nked |ists, tg {8 S ucture Jepres tin eI| Ib e clusggrs coul d be
merely a |ist o?ta ‘?ﬁglrgstt(%51 ¢t &6 ?‘lgs s% FUBa¥y ot her

ways to represeRhY%W@e-itke@l\Famw %n\?—mn?@ﬁ at tbgédtmﬁ conputers. In
addition to the |istwigdn & isgpaRkeis aplﬂllléat,egsep asg r&dlsgaﬁg,me%f daket her a
redundant row or, 20 redeundant coI % d oP I:aJJ_GI ogate tt Iuster S
al so i ncl udesr 1T G958 s’f‘r Uc er g-eP Thé dart‘eP Gt e
representingt héhel¢§)ﬁﬁ)lsér@FG§Fer%eC°rle§ themynberedft available3spanes

further processimige 1& Qmangecﬁaé B 1S tﬁé@rﬁtéiﬁ‘sr%l hek maerchléaaer s1h hose

clusters 25 mee afir criteria, ter wnes
Criteria, e R A L SR R SR
col ums whi ch coustialsoidet yhsated; ta riemave all ﬁauls;wecelrsnrlnexhﬁprw if a

first cluster hgs &&sillokyy &@Ilgged wit) thier 88af@Ws and two columms, it has a
col um narrg ess 30_of two and a row_nar.r owness %&rthree A cl u%}‘er W th
[

faulty cel I8%in a sife PRI ARLTIVES BhsSHE mtBs Pxoc fi®t he row
direction, but retermmrttowtiep 8he. c Fhenprocessli ¥gtepented ttch®elactol umm

narrowness of OpRoEAdr & duP\Wr col&ﬁ‘i rEMNeep18ehde. 2Re process! eBpéadds
sel ects onIythecuste s .whi ch 1ethe nost narrow I n the

direction and t iBsER¥hiTaFPR nBRRIYLNS GRe spare in each pass, tnt 2l a11

- 13 - fails are replaced or there are no more spares.

15 The processing described above was for the case when
step 324 determined that there were clusters eligible for
repair. Similar processing is performed when step 324
determines that no clusters are eligible for repair. 1In
that case, though, processing proceeds from step 324 to

20 step 326.

Step 326 determines (r,c) values for each segment.
These values have the same significance as for clusters.
An r value of R* implies that a segment can not be repaired
with only available redundant rows. A c¢ value of C*

25 indicates that a segment can not be repaired with only
available redundant columns. For example, the segment
shown in FIG. 4A has faulty cells in seven rows and five
columns. If that segment had three redundant rows and
three redundant columns, it would have an (r,c) value of

30 (R*,C*) .

Once {(r,c) values are determined for each segment in
the region, processing proceeds to step 328. Step 328
determines whether any of the segments has an R* or a C*
value. Any such segment is eligible for repair. In a
35 preferred embodiment, a flag is set at step 322 when any
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the colum direction. It first selects only those clusters with
faulty cells in a single rowor a single colum; i.e. those with a
narrowness of ORgpeydsliset here are no such clusters, it sel PU%9691%9\4
those clusters with 5 faulty cells in two rows or two columms; 1.e
narrowness of two. Step 334 continues in this fashion unt i I | t
identifies the mnimim narrowness of. lRI P ?I | F%* Gl ust . _The
data structure réepPesentifg t R > ust’e |b?g épF e?ﬁﬁﬂ is
reduced to just & GsbraI(Fheél tiot afep r?é*\?l Qetlh’éléfﬁ rﬁﬂﬁam-ﬁaﬁertovmess in the row
direction and t hogigert lagstieast hone %g&naﬁtnigndmgwaérmmmaw the

colum direction, e r.ow and colu rro SS ¢ aIu aI 9 stored
in that data strﬁcérg?sesnfngr PraFer @0 Heb SESRC ?2| olnS SAER ’foceeds to
step 335 wher® tﬁéen§3°sélneébﬁ‘énl*bfblé41ﬂ§| bl datd FSruFsurey qﬁjrfﬁhétquidéssed

At step 335, ewgtblfealflo&yregéirw tHowavan, ednagaahs §1.|:J!=Lﬁ;tt‘i‘1rre| §ncludes
assigned a rank i

t orm t e nu faulty
cells in the cl u§?%rP?‘}}tl”hgeg;ﬁew%%“agg‘?hﬁ}lgl °r §BPTSS eI I and m is the
nunber of faulty cel | ¥hem thigea2locatimt @f spatdm hesnvepaizgdhadd that cell.

For exarr}ol et Fl ij_zl%]uré]stilﬁE‘ﬂﬁ %mfs‘ég{&t ﬁﬁgjrélr%a‘liﬁﬁzlﬁ%ﬁur%ewif#'%é’ ﬁal I's
in Ccl uste ve ran (6] , . e Yy

Col s i o o FEABSIRkAL O aoRatht Hepe,fRas nd Srikebrs Remaih, sen B 'Y

step 335, the beslacmkwr\dlnbbetmsmat@@lrunhsn arlgsters s ditecdatar

repl acenent basedepfctli®e b2nksigfite REJicEOW. Thel §rw@sm\ef ggpt ai ning the
faulty cell W|ththe srralles e there_are

:
il ti bl 6 faulty EaPRRSt (ir & sTapat el veRR o of ko eaceasiann 8 °of (hese
is the one 30 welhstéms) arddssingletisiwill Thavehddie sahemarnrowplescol um

containing tie féykwrfaela!nawsametmcﬁ&m l:e&éeﬂa(romysl Uy sing 1eVbeds, there
are mJItlpIe_fauL)ty cel SV\AH_} smal | est 0 ﬁsi’fi 41(@ est of these
is the one with PReCTO7sftkt ApereiQrf, gtepg 334, 33 38 684™8bove, each
cluster eligibl echopse epming singlets in a segment.
However, if the (r,c) value of a segment indicates a
row should be used or a column should be used, then that
20 type of redundant element is chosen for application to a
singlet in that segment. Likewise, if there is a user
preference or other mechanism for determining whether a
redundant row or column could be used, then that type of
redundant element is used. Once the type of redundant
25 element to be applied to a segment is selected, which one
of the singlets that redundant element is applied to can be
selected arbitrarily.
As above, the data structure made at step 332 also
includes an indication of whether the clusters could be
30 repaired with a redundant row or a redundant column. In a
segment with an R* value, the repair is constrained to be
done with a redundant column. In a segment with a C*
value, the repair is constrained to be done with a row.
For segments with a value of (R*,C*), the repair could be

35 done with either a row or a column.
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has associated with it an indication of whether a row could
- 14 - WD 97/ 07459
PCT/ US96/ 12894 be replaced or a colum could be replaced or either

coul d be repyaeeghsad th a redundant el enment. For clusters | are
eligible for repair with a row, only the best rowis sel e\é\?‘léﬁn”ﬁ/é?”‘

clusters eligible for repair with a colum, 5 only the best colum is
sel ected. For clusters eli f ar galr with either a row or a

i bl_e
col umm, the best row®ice * he SFH?T?P'l%e]s}éI eBtERe 9ligiRie FoEIenEEcRERi 0, the
m (col umm) viflentifiiedhepbesessiow pebbeeds conpaepd3ld. t ke debfeniedsal ue

of the best col ugBoe) |bhea§r3c£é£fﬂg He0ug 33-Eh93@5\’§+%§3n3362ese L%ESQS best

row cell is conp red t val ue

co- ar gument . A FE& ?@Vﬂ F‘seglglekﬂédé%a’s'%ﬂa% the sHgi%est
argunent and 3 heb%ng@mt or colwamm glmmepazr and a re@npéanthellegshtelenent or
el ements are i degpiiL aftogtgé 3ppch cluster eligible for replacenent, the
over all. best el eqent or ggemants are selected. As above, the el ement

with the smallest ar JUHHh{©0 SIUSHEXS &P PP HRAMSNGSe 2F 8y R11igible: £05| umms al |
have the smal | estepaigtmsnteteheinddiatoseeps 324 teindt Be8 ) ghgeessingr gurrent i's

selected as the begleed erom seeb(ads® dB08SLYI Nl TUl Lidle, r

colums w || have ran such ere are mu est r ows
or col unifs. P)’Pibfrﬁﬁs @&?8,5 %1?? 4 Biem ‘&}P’e"hr SORSREFL R t79"{? éE °1°e%| ngl e
best. bei ng sel ecékilgiblid Egxrl aepaipr oadwsi, Mherprocessing proceeds from

step 328 directly to step 334, any cluster is eligible for
repair and repair could be made with either a redundant row
or a redundant column. When all clusters are repaired,

15 then, as discussed above, the singlets are repaired using
the same selection processes.

The processing on these clusters is otherwise
identical to the processing described above. The single
best row or column for replacement is selected at steps

20 334, 335 and 336. A spare is applied at step 338 to make
that best replacement.

FIG. 4 shows an example of the application of the
processing described in conjunction with FIG. 3. For
memory 200 as shown in FIG. 2, there are a maximum of three

25 redundant rows and columns available per segment. FIG. 4A
shows an example of a pattern of redundant cells 410 in one
segment. FIG. 4B shows that the column 412 must be
replaced with a redundant column. This redundant column is
allocated, as in the prior art, as part of Must

30 preprocessing before the steps of FIG. 3 are performed.

FIG. 4B shows two clusters 414 and 416. These are
identified at step 320. Cluster 414 spans three fows and
two columns. Cluster 416 spans two rows and two columns.
In the example of FIG. 4, the segment has three redundant

35 rows and columns. One coclumn has been used, leaving three
redundant rows and two redundant columns. As each of the
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before, the designation of selected rows and columms is 25 nade by
constructing a data structure within the conputer menory in test system
controller 114. Any convenient data structure m ght be used, such as a

linked list or agegeygrdd!inked |ist. Processi ng t henppf0amgesiss t O
step 336 where a si ng.fe 30 best row or colum is selected for replacenent.

If a single best row or colum has already been sel ected, then this

step is not nece .1, he and | ums__ . el ected at step 335,
t hose which are éﬁ‘?lgc%légs?séé% %?C{e(i% SrE gl?? er(préFecriZb ACEHBNTC “l?rr(?gsed"
rows or col urms e &hyee gedyndapt sAWST X twp celimygt thgoaherbotdl ect ed

el enent . Thusssirmed 330alled JIEM(REE) [ OITIRA@EoF O pHoceBkURd SilsRet ed

- 15 - 9 4

PCT/ US96/ 12894 thréﬁg&’l‘t %géps_)%séot 56hurrber of faulty cells that are conmon
to that Pow or chgmseament af Flfer 4Bohas @& tebhlimafs fdwkerowsl with at

step 335. The roguortycelim amd Fodubecbewrsd. SRar efesdiGhe onif A Cells is
sel ected as the mnqlﬁ& ate nultiple

best I n cases whe t her
rows or col urms 2VaiipPaf; ﬁ@a‘f‘?é‘n&r f‘f"@?i%n‘i?otr‘""t ﬁ‘@aé{%?ﬁeerﬁ WPdahe of those
el enents can be ealumisedthidisemnentyishssigmed asl yr, @ valueref erence for
replacing a row ggx goyurm m ght be incl uded I n the processing at step

336. For ex l e, st 336 m ght. 10 choose as the s | e _best elenent for
repl acenent "irﬁg r ow %%Wéﬁ“f‘ge%naﬁ’?ﬁﬁ?gs rté’dt?ﬁﬁan%?f'ométaﬁﬁ??aﬁze or a

col um wher etheharlgsgers ndrée andddhbamte cleched afe Ifabkker | n
' processing. S.nce the (r,c¢) wvalue of the segment is
{R*,C*), either a row or column might be replaced in one of
these clusters. '

15 At step 334, the narrowness criteria are applied.
Cluster 416 is the narrowest in the row dimension, spanning
only two fows. Clusters 414 and 416 each have a column
dimension of 2 and so are both retained for further
processing.

20 For Maximin processing at step 335 in the row
direction, the minimum number of unrepaired faulty cells in
any column is one. Two of the cells in FIG. 4B share this
number. Each of these is one of two in its row. Thus,
each has a rank, as indicated of (2,1). Thus, both rows

25 413A and 413B are identified as possible row replacements
at step 335.

Only cluster 414 is eligible for a column replacement.
Of the cells in cluster 414, two cells have a rwo count of
one, which is the lowest row count. These occur in the

30 same column, with a column count of three. Thus, they each
have a rank of (1,3). As both of the cells of rank (1,3)
fall in column 420, column 420 is the single best column
for replacement.

Thus, column 420 and rows 413A and 413B are possible

35 replacement targets. However, a column with a rank of
{1,3) has a larger co-argument than a row of rank (2,1).
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situations where there are only rows or only col umms avai l abl e, then
step 336 nust select an elenent for 15 replacenent for which there is a
redundant el enent avai l able. Alternatively, test systen1contro||er 114
m ght acceptw@gydrlisol NPUt a preference for a row or colum § n%ﬁml

repl aced when there are nultiple best rows or colums. A user

then specify this preference based on the 20 architecture of nennry 200
Regardl ess of the criterja u%@F f or selectln bet ween rows and col unms,

if no single besttP¥FenBPtuiy 420 48t 8atected Rethy 3iMFlF0eSt SR 98E P ect ed
random y. The selfest eelplacemm:glaadbesep ring ds vot umrdassatrhen Pasgatnon for

actual 25 repair .gpare 1s thexlgrggggsgwgcé:@g |a|gu§§e1§1t33%t ep 338 where spares
are appl i ed. Pn system shown | n 1, the roce55| n shown in

FIG 3 is perforned |ﬁnt % %WEOHPFWQ%Fhilﬁr°C SS3fe; O g% Gseparate
fromrepair sbatithergélfs hwsemspaing Biwndansapdiwth et 'rhuep 3G dep

creating a data %ter“CEh’yerdW'vﬁ'lh morénaaaa%%a dfﬁ%%ﬁﬁﬁf%é S

al located to a spéci'f row or col um. structure 1.s |ater
passed to I a§€tenFéf)h?4 as &N Gﬁem%tmrc@ {“H%t iRRiiTeRLeged pritds agFav.
used to repair tirtherefbeal atbw d22. cbhiveiring itlot feeulYy pedlesss ngeplhcEd G 3

were performed within,lLa [ . . . -
16 - WO 97/ 8%4%8&'”{ QHA'F1G. 4D, after this allocation is made,

PCT/ US96/ 12892 there are only two singlet failures left. In the next pass
through the processing of FIG. 3, there will be one
remaining redundant column and two remaining redundant
rows. As there are no rows or coclumns which contain more
faults than there are redundant elements, none must be

15 repaired. There are also no clusters identified.
Therefore, processing proceeds to step 326.

The segment shown in FIG: 4D has a value of (R,C*).
Therefore,'execution proceeds through step 332, where a
replacement row is specified. 1In this case, it does not

20 matter which of the singlets receives the row. Row 426 is
allocated.

In the next pass, only one singlet remains and there
is one redundant row and one redundant column. Therefore,
the segment value is (R,C) such that either redundant

25 element might be used. In the example of FIG. 4, there is
a preference for column replacement. Thus, column 424 is
applied to repair the remaining failure.

In the simple example of FIG. 4, there is no need to
determine the segment (r,c) values since only one segment

30 is illustrated. However, were there are multiple segments
which share spares, using the segment (r,c) values to
select segments ensures that a redundant element is not
used in one segment if that redundant element is needed to
make repairs in another segment.

35 Another example is given in FIG. 5. FIG. 5A shows a
pattern of faulty cells in a memory segment. 1In FIG. 5B,
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station 116, then a spare could be applied by actually physical ly
altering the nenory 200 at that tine. When a spare is applied,
step 338 al so updat es data structures used in other steps of FIG 3. In
parti cul ar, structure recording the nunber of avai 9@1, res
must be changed \PI§9/§%4? ct that a spare has been used. In L g% he
data structure recording the faulty cells must al so be changed to
renove all faulty cells in the row or col umm regl aced wi th the spare.

10 Once a sphrés ighaplhel atredu@fas8ssorEe 843 vy Usfente TeRa&tfurns
to step 310. The poDaRswith mepeatiedh threel defectiveanellerinr dw, or col um
for replacenment. ;’ng #ﬂ?%l% hﬁQ@ag%xseqroceEQ ﬂé’n s fashi on, applying one

spare in each pass, are replaced or there are no more
spares. 15 ~ The pF%es'% A4 SeleShoWsH EWOa B VT &S SA4r a8t S1€as e ChRBHRT
step 324 detergn nsmtﬂi&a d RangeVZef (R lcrst ersrwdteyi Ishe hay a valtepafr.

Simlar processi ng perfor rred en p 4, t

clusters are eligi %I e ’for'I]c rep %’2‘3 gg T dEt %ﬁﬁgﬁ Q?l ﬁrgg‘ég‘g%ng
proceeds from ste§1$2$t@1mblsté®f3@@alr The C* Sﬁépemleéﬁéﬁrﬁhﬁs r,c)
val ues for each sesms: be th!S&@tééﬁ'ﬂéQSréﬁélﬂcthQ‘h&BWEstSépQBBbI cance as for
clusters. An 1 v | ue, of S* hat _a seqment _cajn nqhs g r 4a| red

with only avail abF&"¥ Eﬁfh’ifa 1aSof P8bgfes g¥ +h at a

A VEPTE Bf- P 2
segnent can n be repdines| tmetrlq @ﬁlﬁynly ongyvalustisite 1ﬂ€§9h@eﬁﬂt é&PBn%%ﬁ For

exgrrpl e, the segnapts not sﬁqmefnnﬂ&w 4Rehasofcad .ty cells in seven rows
and five col umms. at, se t had.three redundant r.ows.an

t hree redundant col um a%l grrﬁg \Ca L e gt %ﬂeﬁ E‘@'Sfraa‘ﬁ‘ g? t to
Once (r,c) val uesraubtdettcm rionbdttem oxdelr, sefntht3li.n(2,1) .t HE, ﬁégl 621,1)

processing proceegdgqt p1 S3)EP 328enek&EP &%Bm:.mm&@t&rlmnﬂe&émﬁhheisaﬂy of the
segnents has

val ue. Any_su c,p‘fse 1} eligible_for
repair. In a @2 I%’f’ﬁf’&?’f’é'ﬂméﬁ%ﬁm?ﬁt % frag °%m;' ﬁtcsltlésp gﬁﬁ SWH¥h any
rank of . (2,1). Thus, at step 335, rows 518A and 518BB are
each identified as a possible row for replacement.

The uncrossed criterion at step 336 does not narrow
the choice, since there is no column choice and neither row

20 crosses a column choice. Therefore, one of the rows is
selected randomly. Row 518 is allocated.

FIG. 5C that after this repair, three faulty cells are
in column 520. As there are only then two remaining
redundant rows, these three faulty cells must be repaired

25 with a column. Thus, in the next pass, execution passes
through step 318 to step 328, where column 520 is applied.

In the next pass, as shown in FIG. 5D, there is ocne
remaining redundant column and two remaining redundant
fows. Row 524 contains two faulty cells. It therefore

30 must be repaired by a row. Again, execution passes through
step 318 to step 338 where a redundant row 524 is applied.

FIG. S5E shows that the remaining single faulty cell
which is not part of a cluster is repaired using a
redundant column. As in the example of FIG. 4, either a

35 redundant row or column could be used for the repair, but
the example shows a preference for a column replacement.
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- 17 - WD 97/ 07459

PCT/ US96/ 12894 segnent has a value of (R*,C, (R C) or (R, C*) and
Istept 328 branches to step 332 when that flag is set. When at
east one segne gible for repair, rocessin roc

332. Step 332 Irs\bog?mﬁgdr to 5 step 330 in thalto it buil gspa dafgﬁué rgtljc%ure
of faulty cells eligible for repair. However, the data structure

i ncl udes all faulty cells within the ellglble segment s. When

the allocation of sparfesomding etmithed papress of &PPUiReRt iR, nrefvRdants, al |
remai ni ng fail ur esiemddesbard Oquisiillghelscated rfotrtheseae tepatirimg cl usters

remain, step 332 %ﬁec%l "\a‘r%er%e:%gzey % el ql et sy 2t gl Tcsp%ln Clé’%‘l%BSeff];éﬂﬁxtdat a

structure of elidg] N6i cas processin singlets Is a
sinplified versi o dihisheayy o*élt%ﬁamjlfﬁéfiurmg %lﬁ@t 9% megariesnyfets wil |
have the sane argpyigSTahbly Crédiddda and same nmaximn criteria. A so, no

singlets can be cr ss.ed ghereé Ui %ﬁgpéﬁ_%gé%’s ggStl?Qqhn%%Etgg?

choose anong singlets vaﬁ ue of
a segnent indicatesll becausev\ﬁ-smmqj:lb'elé%@%‘resatbeﬁﬁrﬁﬁ%ﬂ #chevidded,

then that 20 typ@vé&iu{aa.‘iﬁrngé&hﬁé Qir&%uhaaﬁilwofroa @cmimxx:abl pBpdixr a
singlet in that segpent lievm se

ser refe
ot her mechani sm f 319 Jet< ﬁ‘ll Pﬁ@t%ett}}?ér rgduné &3&85“% frc’o’:\l?vt-'gxre £ ?%%nog
be used, thena haIftwasotJosmbleonmd@m@lelehememmu‘sfe’éh theo%e@%% type
of redundant 25 gl aopntod Qeésn@mlmﬂeata S&gdw&tsmg sied aaiuedy wbinh one
of the singlets that redun nt e{ nent .i.s.ap ed t o, Cabe{jngstm sel ected

arbitrarily. in F TPRE %f’r UrFEPREe €332 al so
On the other hand, if there are more defectzve cells

_ which will eventually require a redundant row than there
15 are redundant rows, the method of the invention will
quickly .yield this result. The same is true if there arxe
more cells that will eventually regquire a redundant row
than there are redundant rows. Thus, the invention also
reduces processing time attempting to repair a memory which
20 can not be repaired.
These advantages are obtained
Having described one embodiment, numerous alternative
embodiments or variations might be made. For example, step
318 might be omitted.
25 Also, it is possible that the order of various
processing steps might be reversed. For example steps 320,
322 and 324 dealing with cluster processing might be
performed after steps 326 and 328 dealing with segments.
Also, the processing might be embellished with steps
30 to identify when a solution will not be reached. For
example, if there are more clusters than there are
redundant elements, no repair is possible. Alternatively,
if there are more C* clusters than there are redundant
rows, no repair will be found. If there are more R*
35 clusters than there are redundant columns, no repair will
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I ncl udes an indication of whether the clusters could be 30 repaired with a

redundant row or a redundant colum. 1In a segnent with an R* val ue,
the repair is constrained to be done with a redundant colum. In a
segment with a Gyooyg74égl UE, the repair is constrained to be d 6 115%0.

r Ow. For segnents wth a value of (R*,C*), the repair could be 35 done
with either a row or a col um. - 18 -
WD 97/ 07459 96

Once the faulty cePPsEPHPS 14 8FF gi bTheess?eﬁ?r%%thwns Hidh SD ‘%'%fa'ged £
processi ng proceedsederes tRYPCEIFInAStMEscri bed above, the processi ng at

steps 334, 335 and 336 mebtErs embell{simianal highe Heaubt wodety stebi Jidlim f or

repair, the singl ei&épb%;%) 'RVQF &%’\/\%ﬂ tgmr_ﬁoéag; ro2Bds dée%dlﬁggagé el enent

is  applied at ters and no segnents are
eligible for 5 reepgated. d@verntreuphathsreparesredypdand grensrycessi ng

proceeds from stepgdR@ctidred 2RmaSAing NisE Eﬁéﬁése&ep%'hm 16ne hypaSSEs rEigfRs
330 and 332, whi chsconstral n the cmércels YEor y e

i.bl e for repa
when processing prBgEed® 1FEHRATATY &7 erp?p‘ffg ﬁ??eec'?ﬁ % BFSTEY 3 if‘eﬁ?’lyls in
cluster is eligibl ehavrcase moepepd tmdhegkawhethrn G beWntmleCQMItﬂh gholsl a

redundant row Bb @sdfAHGRARE £obaHM as\BREralis TnuStEES Y @hbes& Frash.
10 Also, it should be noted that the memory test system
pictured in FIG. 1 is illustrative of commercially
available memory manufacturing equipment. Variations are
possible. For example, the processing described in
conjunction with FIG. 3 could be performed in laser repair
15 station 116 instead of in test system controller 114. 1In
such an embodiment, test system controller 114 would pass
data depicting failure locations to laser repair station
116 rather than a data file instructing laser repair
station 116 to make the required substitutions of redundant
20 rows and columns. In this embodiment, the repairs could be
made as the redundant rows and columns were allocated
rather than all being made at the end of the processing.
In another arrangement, the process of FIG. 3 could be
performed in a separate computer. Such an embodiment might
25 be preferred if the test system controller 114 and the
laser repair station 116 do not have adeguate memory or
processing ability to perform the required steps of the

method.
Also, it should be appreciated that the specific data

30 structures mertioned for processing according to the
invention are illustrative. Many data structures are
possible for implementing the invention.

Further, the disclosed embodiment of the invention
employs two processes which might be used separately. 1In

35 one process, rows and columns are selected for replacement
by identifying rows or columns (which might generally be
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15 then, as discussed above, the singlets are repaired using t he sane
sel ecti on processes. The processing on these clusters is otherw se
identical to the processing described above. The single best row or
colum for repl gge |s selected at steps 20 334, 335 and 3.;@9. jar e
is applied at step@? to make t hat best repl acenent. msaﬁ 4
shows an exanple of the applicati on of the proceSS| ng descrl bed in
conjunction with Fl G 3. For nmory 200 as shown i there are a
maxi mum of t hree D®FeRTEf,NRaRF rwré’nc‘ftﬁbﬁﬁﬁ%g dv &f %b‘l"é“‘ﬁ‘ér‘“‘g&ﬁm FI G
4A shows an emaxiptum dlengtpati sr.n wifthr thle mdarimure hrgundr: iamdomaximum
segment. FIG 4B shomg. el th@nfsolgy&eféé%mufé% a :mhRRELC potbid), A

redundant colum. This redundant colum Is ocated, as_in the pri or

art, as part of Mist 3’0seﬁt"é‘ﬁrBEEEs?%gthﬁe%?%eﬁ‘ﬁe‘%tt?ﬁsuﬁ? ¥ drSare
per f or méd. 5 valddsGfotBcitovers wnd lsaghents 41 Lhasd vdéB;esThmdéfwtﬂ'xe

dentified at st chyRARsct] U3 G bl b pRRE apra%swsﬁﬂaem be pBeEgkaMS.

Cluster 416 spans _two rows an e exarrp

the segnent has tAFERE + eGBRdARL CBSOHENSORHY RO MRS WAtHIRFRER unn has been
used, |eaving thresénventicndingandry cn@aaadpi-mssaiundamteﬁﬁmw, Ashecach
of the minimal process could be use ithout (r,c) \ND 97/07459
PCT/ US96/ 12894 G uETErs® 1127 %nd flg (F‘be repar recr%y usi ng

nor e t hant® hr ee rmero%ed‘n‘{wieﬁlm Bfeyimt ted Aty by the

spirit and scope of the appended claims.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been R,

pli

I
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assigned a value of (R C). Therefore, processing passes t hrough step
324 to 326. 5 The segnent p+—FG 1 qttotal of five rows with
faulty cells and four colums. As Fﬂﬁﬁﬁﬁtﬁlﬁmp
RERLA
10

ree avail abl e
redundant rows a vai | abl e fedun colums, this s '
assigned an (r,c) va uéﬁof (RTTF). Processi ng t?\’gﬁmé%%i@ggé‘ds
to step 332. At step 332, the clusters 414 and 416 are selected for
further ~ processing._ Since the (r,c% val ue of the segnment is
(R, C*), either a row 8PaEotaufitatrght e repl aced in one of t hese
clusters. 15 1 1.At &t pptB3dl oft Mepradr ingwee $seméreohdrdtaramemanpliasdng a

Cluster 416 iszthe nar p9WBsiid deNRehOW, HdRRLPEs SRABALAY rows ¥Hgy tWwo
rows. Clusters_ 414 and 416 each. have a coJ.umm [ nsion of 2. and so are

both retained for furtfEHI™AS Qf FEWRTY gells and red EVERY S #R%r ocessi ng
at step 335 i nd4the rowcolumss s edhiei methodecaomprising nunber of unrepaired
faulty cells ig any,col d : %M: fe o ' re
this nunber. Each é{ thggg:’e]tﬁrfs% gir}g o tV% tlonqlate{sig#g\/svfla'{}%g%%?"ﬂ% %ggh has
a rank, as indPcated of (2,%5e2tiRgs inpdt FERRINEST28 repregearatianmpithe

I dentified as possi bl e row egplBceERLES at step 335. Only

cluster 414 isgeligible,for_a_col. e En t ells.in
cluster 414, two cell s%%avefgs}%%gglﬁ%t Q%?& ) tgﬁgf %?gﬁ ?guf% TOWESt T ow
count. These ofcur in the 387 heamEepspafRtatiion agfinttumrousent of three.
Thus, they eatb have a teptestntihg3the nubbelObh £fulthece®rlid Sirpftheank

(1,3) fall,in colum 42 20 | ! @%! bhest col.um for

repl acenent . 11 Thus, Q%%?C(l}lr?n é %n%écro%lv%\ga% ng:néeﬂﬁ%’%e%trlengp(%gi bl e

35 replacemeh? targets. HeweRARY ofafavltnredileshin thmisape columy ms3) has a
| ar ger co-argusent than a reMa®fedlank (2,1).

- 20 - 14 c) prioritizing faulty cells in the representation
15 . based
16 i) primarily on one of either the first or
17 second arguments, with lower arguments
18 ' receiving a higher priority; and
19 ii) secondarily on the other of the first or
20 second arguments, with larger arguments
21 receiving a higher priority;
22 d) selecting, based at least in part on the
23 assigned priority, a faulty cell;
24 e) allocating a redundant memory structure to
25 repair the selected faulty cell, the redundant
26 structure being a row when the argument used in
27 the step of primarily prioritizing represents
28 the number of faulty cells in the same column as
29 the selected faulty cell and the redundant
30 structure being a column when the argument used
31 in the step of primarily prioritizing represents
32 the number of faulty cells in the same row as
33 the selected faulty cell.
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Thus, columm 420 is selected as the best candi date for

repl acenent and step 336 is not ne spare is therefore
al l ocated at st : In nA3% BEf gugh the By, SI ng, of
FIG 3, 5 thergpog) 2?153 r emai ni ng redun”daﬂ{\'qcépurmm Thus, s‘%@ﬁ g'318
any row with more than one faulty el errent will™ identlfled as an
el enent whi ch_nust be replaced with_a Therefore, row 422
contai ning twh f&ul t yTR@|merhad PépFé%’éEl 1 additionally SRBRFLFIPEIEES 4D,
after this alRocati onstepsrasfe, 10 there are only two singlet failures

left. In theznext pags a3 191%%}1&“&&&%%%&9&&& c'h@ f§u1t§3p%re9.1\.9‘ X be

one renei i ng redundant” col Umm “and, fwo remaining redundant ous.
there are no fows or col untR ZRNCYE EBMtLY Feldperepl ‘fegulbé’st’?ﬁa#lt"r‘?él’:@ are

redundant el efents, none rmmhoﬂ@estimctemn red. There are also no clusters

i dentified. 6 Ther e{,pr e, %; Q Vg}@l QQe?é qae%g?&ghséﬁ%ef?%?am 1. The

segnent _shown in FIG 4D h ue o ore, execution
proceeds through step 332, where a repl acenent row is specified. In
this case, it1dogs noth2lmetidd &f whaith Diwhebeini sxgdral 2)r andivesfl beatow.
Row 426 is al | ocated 0 i.ngl et
remai ns and tﬁe 5|"‘suﬂ?)nreepreea &ﬁd%gl% g‘\%’ g%éi :ﬂaéesndsu%&%a?ﬂco J’%%
Therefore, 3 the segapresenfiardonsor YY) redupdenhitrs BB FeHtFante25

el ement m ght 4be usedaiibeatde. exanple of FIG 4, there is a preference
for colum replacenent. Thus, colum 424 is applied to repair the

remai ning failure. In the sinple exanple of FIG 4, there is no

need to dét erdri neThRemethpdME Clain % aMeEeini B SHEPy o5ndllRaRMEAE

2 comprises constructing in a computer memory a data
structure indicating which memory structure of the
semiconductor memory being repaired are to be replaced

v W

by redundant memory structures.

5. The method of making a semiconductor memory using the
method of claim 4, and additionally comprising the
steps of:

a) providing the data structure to a repair
station; and

b) physically altering the semiconductor memory in
accordance with the replacement information in

W 3 < U s W NP

the data structure.

6. The method of claim 1 wherein the steps of claim 1 are
repeated for each region of the semiconductor memory.

7. The method of claim 1 wherein the step of assigning
arguments to selected faulty cells comprises:
a) identifying clusters of mutually, exclusively

[~ T S B S I

collinear faulty cells; and

This Sheet Has Been Replac
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30 is illustrated. However, were there are nultiple segnents whi ch

share spares, using the segnent (r,c) values to sel ect segnents ensures
tlhat a redundant el enment is not used in one segnent if that redundant

el ement is need make repairs in another segnent. 35 Anat her
exanple is gi ve(ra?g?%ﬁ?—’fﬁ 5. FIG 5A shows a pattern of farﬁrfliﬁg% ?45 in
a nmenory segnent. In FIG 5B, - 21 -
WD 97/ 07459 PCT/ US96/ 12894 it

i s shown that 5a redundint celefhimE 2t deasederd ST and asEAPRIRT wi t h

nore than three defective &@lussito iflaulty aeTrly diitpihotidistelpreed ocessi ng.
FIG 5B also shows two clugheLsepld and 516. Cluster 5 514 has a val ue of
(R C*). duster 516 has a val ue of (R, C. Thusj o
determ ned that cluster - 514 is eligible for re

indicates thaty a 8. e metholeofildladat 2d for repj

constrains th(a2 choi ce qf re iiEf?:%acé)l&Sr L?t%ﬁ(gl'§§ﬁ‘w%‘%&8‘2¥'°flg si in‘gﬁ.&ce

there is only “one cl uter BGEAL S not further narrow

the choices. 3 The feaght glestdrs logie| vatues Srdieaking whrshey theef t
to right, gop to bottoRieikder, ca Helrdpaifed WsingZod)y undlipcated and
(1,3). O the e, the m nimum.col.unm argunent is. 1. % Xi mum
coargument is 2. Two of t FECRPFRE HP reofhgepalrerdanglgq??, 1). Thus, at
step 335, rows$ 518A and 518madiecated redundant columns; an
7 b) wherein the step of selecting a cluster _
8 conmpr .ses, when any of the clusters has a logic
9 value indicating it can not be repaired with
10 either only unallocated redundant rows or only
11 unallocated redundant columns, selecting at
12 . least one such cluster.
1 9. The method of claim 1 wherein the semiconductor memory
2 is organized into at least one region with each region
3’ having a plurality of segments, each segment
4 containing memory structures, and each segment having
5 associated with it redundant memory structures, with
6 the redundant memory structures associated with each
7 segment being associated with at least one other
8 segment in the region:
] a) additionally comprising the step of assigning to
10 each segment logic values indicating whether the
11 segment can be repaired using only unallocated
12 redundant rows or repaired using only
13 uﬁallocated redundant columns;
14 b) wherein the step of selecting a faulty cell
15 comprises the step of, when at least one of the
16 segments has a logic value indicating it can not
17 be repaired with either only unallocated
i8 redundant rows or only unallocated redundant

This Sheet Has Been Replaced
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each identified as a possible row for repl acenent. The uncrossed
criterion at step 336 does not naf+ew mp) e, since there is no
col urm choi ce and neither row 20 | THSsSREETH iﬁgﬁiﬂl choi ce. Therefore, one .
of the rows is woom@lsgcted randopy. RERL9E | s alll ocat ed. PCT/US96/128d4C
5C that after this repair, three raufty cells are I n colum 520. As
there are only then two renaining redundant rows, these three faulty
cells nmust be yepaired 25 vvilth a col um.. Thu itn th? next pass h
execution passes t hr ouGREFBY’ 31B 50 8FeP EYAREFE %%I°ur?n°§26ucfs

appl i ed. 20 I n the $egmephss, as shown in FIG 5D, there is one
remai ni ng redggndant col um and two remai ni ng redundant rows. Row 524
contains two faulty cells. It therefore 30 mnust be repaired by a row.

Agai n, execution passes through step 318 to step 338 where a redundant:
row 524'is apdlietd. In a profess HE seoufacturinghe semb¢ondustornyemoryvaul ty

cell whi chy i's not Hafhigbdaists Hdfs iabdl €9RInHRd o¥Shalory cellkpdaindant
colum. As in the exanpl'e of

FIG 4, either_a 35 redundant row_or col ym
coul d be used ¥or the BeHRe ?fbﬁ?pla°1"tgr1238;z‘é’ﬁﬁ'fe§‘°§ﬁoﬁgggs eF@ﬂ'&’éé)q"’(L)ér a
col umm repl acetrent . rows and columns, the method comprisin@Xxhe steps of:

WO 97/ 07459 %_l a) electing a row or column %U&%Q%é%&% a
According to the process of the | nvent i on, el enent s _are

d t
quickly allocded for use FFHBAAPE| fFment rag?%%]%%&a tRehBF VSt 8% The

allocation is &also efficiem. identifying clusters of faulty segments,

8 each cluster containing mutually,

9 exclusively co-linear cells,

10 ii} selecting as candidates for a column
11 replacement those clusters which can not be
12 _ repaired using only unallocated redundant
13 YOWS;

14 iii) selecting as candidates for a row

15 replacement those clusters which can not be
16 repaired using only unallocated redundant
17 columns;

18 iv) prioritizing the rows in each cluster

1% selected as a candidate for row replacement
20 - and prioritizing the columns in each

21 cluster selected as a candidate for column
22 replacement; and

23 v) selecting a row or column with the highest
24 priority;

25 b) allocating a redundant row or column to replace
26 the selected row or column and repeating steps
27 a) and b) until all rows and columns containing
28 faulty cells have been selected for replacement
29 ' at step a).

1 1l1. The method of manufacturing a semiconductor memory of

2 claim 10 wherein
This Sheet Has Been Replaced
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In this way, the manufacturing tine for nenories is 5 significantly
reduced. It is believed that the process of the invention works
wel | because it quickly identifies those cells which wll eventual |y
require a redunda r acolum to repair and then allo t
redundant el enent Wfoogr%?,ﬁg repair. 10 If it is possible to repa?ﬁﬁ%‘hg%‘
menory with the limted nunber of redundant el enents, processing the
faulty cells 3 in this ordt:rev][\rll;elmlo relsulé iarrllitzggt L& asier brel'éng Jade.

On the other hand, if thbre Hr% ITBPEY deT eCIVE ZERI 13°° SSMATEH WY
eventual |y requfre a redunda?@onenk PARHG Her@igge geebinadintapd Fesdanhe

met hod of the imvention wl|lrows agdi e&diynddrt] dollimAs rasht cad e SAEA &6

true if there are nore cells that w eventual l v require a I edundant
r ow than thére are redunﬁ%"nfacreoﬁg‘."s %%,C?ﬁﬁtémgn%/%nrthlagnss seont' aaduces
processi ng tine?attenpt bhg tthe efapr o seimatinghiched@dapinreowtomheolumn

repaired. g  These adyg3¢aa1dy Ccdiiixdise8d when there &8Il

descri bed one egbodi nent, NUIEr ous al tfrnat ve %SmbOd' ments or
variations night be made. Fof-'&&&H5 &S %‘E'éepé as capdidates fohe™ i tted. 25
Also, it is po%8ible that theewyedement oardandddates fpnewdging st eps m ght
be reversed. Fpf exanple stepspiddment, 322 and 324 dealing with cluster
processing mg be perforned .after steps and 328 deal i W t h
segnent s. B Al-so, th%’ pr o%%‘?é‘?%’@%?@rﬁ“%ﬁgéﬁﬁ%l shey ‘v’&‘inﬁ“&“&fﬁ 30
to identify whgh a solution w il tosebsegmertiredaviog faultyexehdps eyhiich t here
are more clustejs than there are can not e Neliilirehe B Sn1§OuhsPRldated

possi ble. Alternpatively, if there are nore C* clusterS than there are
r edundant 1%0ws, no repair wii9vpEarh GREVMS  here are nore R* 35
clusters than téere are redubtlantsedecting, asicandidatesv fdr colum
- 23 - 17 replacement those segments having faulty
18 , cells which can not be repaired using
19 unallocated redundant rows:
20 iii) prioritizing the rows in each segment
21 selected as a candidate for row replacement
22 and prioritizing the columns in each
23 segment selected as a candidate for column
24 replacement; and
25 iv} selecting a row or column with the highest
26 priority.
1l 12. The method of manufacturing a semiconductor memory of
2 claim 10 wherein the step of prioritizing rows and
3 columns comprises:
4 a) assigning a first value and a second value to
5 each faulty cell within the row or column,
6 which are
7 i) in the case of a row, the first being the
8 number of faulty cells in the same column
9 as the faulty cell and the second being the
10 number of faulty cells in the same row as
11 the faulty cell; and

- 30 -
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WD 97/ 07459 PCT/ US96/ 12894 be

found either. These conditions m ght be checked to reduce processing
tinme. Anot her enbel li shnent might be to nodify step 312 in
FIG 3 to detect e entire process need not be 5 repeat

wiss P 2 TEepe:
t hough there are y@dﬁ"r‘\ﬁm menory structures renaining, |f%§§’?§?4e
only one type, it m ght not be necessary to repeat the entire process.
There is in that case no need to check whether a row or columm should

be used to nmakeé repair as théle iB e aafFeof 2 Grdome. f then fizxgt being A so,
it should be nated that the nenptye tmaibeiysEefaulty Realyr &4l the EBhite dow S
Il Tustrative qfy conmercially a@Vaid aé%‘itgeé@hy amnyhacs én%gggg}f# RNt -
Vari ations are possi bl e. For exanple, the processing described Tn
conjunction wi¥h FIG 3 coul d benWBrenAfedaphty £edisy épathe mamer soiwm 116
i nst ead” of i nueest system controksethel ¥aulkp cell;such an enbodi nent, test
system controlher 114 ul d . d [ GLJ f aj | ocations to

| aser repair station \m 11%9?;? er tang%qggg% aq'l?f {Eﬁg ?Jﬁis# g‘c ie%f;:%llﬁ%wer
repair st 38 on 116 to nBRE €PlumpqWitddthe fuighesti ooty gaingadin 20

rows and columds. In this eghedtdErs wilthethePRdwestCBikdt Bfalue, BRES wifer! he
redundant ro and col ums %i@iﬂé Occﬁ"i';]l%dha r.at her tgan al.l .bei ng nade at

the end of the processing. anot etrhearsrmé'ﬁgelr'rzésnrt ,vatlhlg'p tess of

FIG 3 could & per f or rbdgheast prisnisyegein oethose ol tin thabbihaatt
m ght 25 be preferred if thgekgsd wasieem controller 114 and the | aser

repair station,116 do nqt have_adequate nepor K . Processing abiljty to
performthe r%3ui red st ps 8Flflﬁe€hqe prr%t?trﬁgg.gf the highe rr%c,:.oir R 1d be

appreci ated t t he specifig dach W sy gheprionisnt PEnthnt growpand cths ng
according to t2ge highest priority cell in each column as the

26 priority of that column.

13. The method of manufacturing a semiconductor memory of
claim 12 wherein the step of selecting a row or column
for replacement comprises separately selecting the
highest priority row and the highest priority column
and then selecting the row or column with the higher

G o b W N

priority.

14. The method of manufacturing a semiconductor memory of
claim 13 wherein the step of selecting the row or
column with the higher priority comprises:

a) comparing the first value of the highest
priority faulty cell in each row and column to
select the row or column containing a cell with
the lowest first value; and

b} when multiple rows or columns have highest

0 0 W s W NP

priority cells having the same first wvalue,

[y
o

selecting the row or column with the highest

[ o
For

priority faulty cell having the highest second

-
N

LR
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invention are illustrative. Many data structures are possi bl e for

i npl ementing the invention. Further, the disclosed enbodi nent of
t he invention enpl oys two processes which mght be used separately. In
35 one process, WS colums are selected for repl acenent

I denti fying rowswg’r lgo Srms (which m ght generally be PCTUSn2e0s

- (214 - referred to as "nmenory structures”) of mninmmwdth
an maxi mum |l ength (i.e. wth t-he, i rgu t a i .
coargumnent) . Thi ggpr oéiégsm?%ﬂocéglolfegl%lnpﬁaqg%gﬁgnpﬁgleesg?gp_@g(S@%t}snegcond
part of the précess isthfererepfcofpme)with $he hiohey PELEStEf s and
SEQNFStE. These VS| ueadaDei dna e compriesct i on of which segnment or cluster
shou e procgsse irs : ogi.c BHIQ S | ot her
conventi onal rrgrmry re%gi r %?%%Bégggglegﬁdesr %gt F\S/e_ Y, ?ﬁgg ﬁJ('jgnx%mrﬁtrral
process coul d Be used withoeXiqyity) fpufy cells having the same lowest

6 first value and highst second value; selecting

7 the row or column which shares the fewest faulty
8 cells with other rows or columns having highest
9 priority faulty cells with the lowest first
10 value and highest second value.

1 16. The method of claim 10 additionally comprising the

2 steps, prior to the step of selecting a row or column
3 to replace, of

4 a) determining which rows must be replaced because
5 they contain more faulty cells than there are

6 unallocated redundant columns and allocating a

7 redundant row to those rows; and

8 b) determining which columns must be replaced

9 because they contain more faulty cells than
10 there are unallocated redundant rows and

11 allocating a redundant column to those columns.
1 17. A method of repairing a semiconductor memory having a
2 plurality of rows and columns of cells, organized into
3 segments, each segment having a unique combination of
4 redundant rows and redundant columns, with certain of
5 the cells in the memory being faulty, the method

6 comprising the steps of:

7 a) sele~ting a row by:

8 i) . for a first selected group of faulty cells,
) assigning a first value to each faulty cell
10 representing the number of faulty cells in
11 the same column and co-linear with the

12 faulty cell and a second value representing

U WL -
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b)
c)

1B.

ii)

iii)

iv)

PCT/US96/12894

the number of faulty cells in the same row
and co-linear with the faulty cell;
selecting the faulty cel. with the lowest
first value,

when multiple faulty cells have the same
first value, selecting the faulty cell that
also has the highest second value;
selecting the row containing the selected
faulty cell

selecting a column by:

i}

ii)

iii)

iv}

for a second selected group of faulty
rells, assigning a first value to each
faulty cell representing the number of
faulty cells in the same row and co-linear
with the faulty cell and a second value
representing the number of faulty cells in
the same column and co-linear with the
faulty cell;

selecting the faulty cell with the lowest
first value,

when multiple faulty cells have the same
first value, selecting the faulty cell that
also has the highest second value;
selecting the column containing the
selected faulty cell;

selecting from the selected row and the selected

column the element having a faulty cell with the

lowest first value and, when multiple elements

contains faulty cell with the lowest first

value, the highest second value.

The method of claim 17 wherein the first selected
group of faulty cells and the second selected group of

faulty cells are not identical.

O

- 33 -

SUBSTITUTE SHEET (RULE 26)



What is clainmed is 1 1. A nmethod of repairing a sem conductor menory
(110A) 2 having a plurality of nmenory structures including rows 3
and colums of nmenory cells and redundant rows (212A, 4 212B) and
colums (214A, 244Rbus&@nPrising the steps 5 of :

testing the nmenory to |%I)ent|fy faulty cells 7 (255?@%95’,1285%4,
256) and creating |n a corrputer 8 (114) a representation of
the faulty cells; a t o] aulty
LoF £2U0Y ©°10% 197 mhe plinoa 330LALAG QuigLER! Ak M3 Oleiditeh
representing tRe nunbeBrGPPf‘aﬁl lééfl Fgllrﬁ "c"l’i\?niis thobe ¢ fa‘-‘ltys‘:&% r&% and

a second argunent representlng the nunber of faulty cells
in the sanme co

prioritizing th rT?aul t celﬁamces ﬁf m%%ﬁa&%& ng 4% emlr?roggg)rﬁ%ﬁ |m§hn06¥ased
17 2i) %ﬁwngynww 6p1%5 trganipedfintg xgps a columns
second argunengs, W tthQHBfeéﬁﬂﬂﬂﬂﬁnbieméﬁts organized as rowsrﬁﬁaﬂddlﬁﬂnﬁ

hi gher prioritx and 20 hich g seconallc%/lonthe at h of the
first or 21 in which the, re 3? ACes {E T AFGEr 247 gif nfg 22

recei ving a hi §her pri veplgce fmilty celdls Wlté’éheéb#ﬁ!ﬁ“%seuhatmqf@&gt in

pialrt 0{1 t he Zéd g tcompnélﬁ&g% g}ﬁfisgébgrdﬂy a faulty cell; 25 ] e)
al l ocati ng a redundant penory s ru.cu re t he
sel ected faul t? cell, Bhe r & f?; S'eaSt a pm:t"“"rt‘r°u“Ecttt}J‘ P%e# r?'g a row

when the argumént used in Eella mto groupshe step of primarily
prioritizing rgpr esent g) ngelectlng as r&h%ﬂiﬁﬂ%eltheée fvﬁ’iﬂcﬂm}’cﬁx@i&i&u merkhe

sane colum a ect ed faul c and the re.dun ant
31 iostructure berfﬁljl‘éycoef B2 The é"gghrr% it Sed™ 2

in the step offlprimarily prredindanthgolupresnd selegting as C°1umn t9rOuREnber
of faulty cellis in the sanei¢heue ashizh contain more EBR1SElIRQNedidaulty cell.

13 column than there are redundant row;

14 c). prioritizing the rows of faulty cells within the
15 row groups and prioritizing the columns of

16 faulty cells within the column groups to select
17 the row or ceclumn with the highest priority; and
18 da) assigning a redundant element to the highest

19 priority row or column; and

20 e) repeating steps a) through e) to assign another
21 redundant element to faulty cells which are not
22 included in a row a column to which a redundant
23 element has been assigned.

1 21. The method of claim 20 wherein the groups of cells
2 comprise clusters of faulty cells which are mutually
3 and exclusinvely co-linear.

1 22. The method of claim 20 wherein the groups of cells
comprise cells within a segment of the memory.

)RR

- 34 -

SUBSTITUTE SHEET (RULE 26)



26 1 2 The nethod of claim1 additionally conprising the 2

steps of 3 f) altering the representation of the faulty cells 4
to renove faulty cells replaced by the.allocated 5 menory
structure, and 6wo g7/07458) repeating steps b) through e). 1pc§us9sni§9§
met hod of claim2 wherein steps f) and g) are 2 repeated until no
faulty cells remain |n the 3 representatlon or all redundant rows and
columms are 4 3 Thcat % { A he_nmet hod of claim2 wherein the
step of allocating32 P5eS %’d‘h&trUEFF‘FPg}" T2 IESRt U SFehdry a
data 3 s? r uct ur ecompiiicet crjlahicirlvstrery of riaviltveceils hirid¢h are
sem conduct or fenory b@hﬂgilrlgpghaegx@ﬁg{t‘glgecé.eﬂréggd 5 by redundant
nmenory structures. 1 ) The net hod of meking a sem conductor nenory
using the 2 met hod of claim4, and additionally conprising the 3
steps of : 4 1 2R) Tlpe@\ﬂt@iopigothelﬁa\t@%whex:eirxe:meogaoumanfr celldsiare
2 constrained to those cells in clusters which
3 a) have more faulty cells in a row then there are
4 unassigned redundant columns or more faulty
5 cells in a column than there are unassigned
6 redundant rows, when there is at least one such
7 cluster;
8 b) are in segments which have more faulty cells in
9 a row then there are unassigned redundant
10 columns or more faulty cells in a column than
11 there are unassigned redundant rows, when there
12 _ is at least one such segment.
13

\\!\\\\3\\\\\}\\\1\\\\\!\\\\\\
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5 (116), and 6 i) physically altering the sem conductor

menory in 7 accordance with the replacenent infornmation in 8
the data structure. 1 6. The nethod of claim 1 wherein the steps of
claiml are 2 gpeated for each region of the sem cond BRIRed Y-

1 7. The nefﬁ037gf claim1l wherein the step of assigning gﬁéﬁ%sg !
argunents to selected faulty cells conprises 3 bl) identifying
clusters (260, 262) of nutually, 4 exclusively collinear faulty
cells, and -27- 5 b2) selecting at |east one
cluster and assigning 6 values to faulty cells within the
selected 7 cluster. 1 8. Th¢ /et hod of claim 7 additionally
conprising the step 2 of 3 f) assigning to each cluster logic

val ues

114

TEST SYSTEM
CONTROLLER

‘ 116
|| LASER REPAIR
STATION
S|
\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\ @
110B

110A

FIG.1

112

TEST HEAD

—




4 i ndi cating whether the cluster can be repaired 5

using only unall ocated redundant rows or 6 repaired using only
unal | ocat ed redundant 7 colums, and 8 wherein the step of
selecting a clugjer nprises 9 i) when any of the cl a

| ogi ¢ val ue 10 3}097/094%9 indicating it cannot be repaired w P%bglg%%ﬁg@?ll
only unal |l ocat ed redundant rows or only 12 unal | ocat ed redundant
colums, selecting at 13 | east one such cluster. 1 9. The
met hod of claim 1 wherein the sem conductor nenory 2 is organi zed
into at | east one regizg@A(200) with each 3 / region having a plurality
of segnents, each segngnt 4 containié% ébnnry structures, aéfp
segnent having 5 as s 0 C+ad-ea—wt-Rh—ivt—i-adunrdant nMenory ructures,
with 6 t he redund mMeAf-yestticies—assaci.at ed wi th each 7
segnent” bei ng associ ated Wt heat_least ope other 8§ segnent in the
region, additionally COTp"Eing the 9 step of 10 f) assi gni ng
to each, segment |ogic val pes {11 indicati1g'ﬂhﬁther t he segnent
can be repaired 12 usi ng onl yjunal | ocatefl fdddndant rows or 13
repaired using only unall pclatledSEGMENTan] SEGMENT dol unns, and 15
wherein the step of | eciilng a f&0ty cpll c8®hprisps| 16 t he step of
17 dl) when fat | gapt] dne of the spgments has| g ljogic 18
L

value indicating it canhof Jog repaired wth - 2B}
214A

214B

SEGMENT SEGMENT
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19 either only unallocated redundant rows or only 20

unal | ocated redundant colums, selecting a 21 faulty
cell in one of such segnents.
WO 97/07459 PCT/US96/12894
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PCT/ US96/ 12894 3 a) the nmenory is organized into segnents, each
4 segnent havi ng a uni que conbi nati on of redundant 5 _
rows and redund t”ﬁ% ms whi ch can be used to 6 e 9Iﬁ/ace r ows
and colums in at s«ggrrent; and 7 b) the step of sEYHY |ﬁb”%\
redundant row or columm 8 additionally conprises, when there
are no 9 clusters selected as candidates for row 10
repl acenent or candidates for colum 11 repl acement, 12
) sel ecting as candidates for row repl add®ent
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13 t hose segnents having faulty cells which 14

can not be repaired with only unallocated 15 r edundant
colums; 16 ii) selecting as candidates for colum 17
repl acenent tho nts having faulty 18 cells which
can not be repai%‘?)e%%gjsglsng 19 unal | ocat ed r e§OHYR*P8us;
20 iii1) prioritizing the rows in each segnent 21
sel ected as a candidate for row replacenent 22 and
prioritizing the colums in each 23 segnent selected as a
candi date for column .24 §é acenent . and 25
iv) selecting alrow or colum with the hijghedt 512
priority. 1 [12.® The nethod of nanufadt urijng sem (clqef)or menor y | of
2 claim1pD weerein the step of priagritifzi ro and 3 ,
col umms’ conprisef: o4 o a) assigning a fli.r.of 1 yat-bogand..a-.sac0nd..y ;P@é
to 5 each’ faulty cel | within [the [GWler corumi, 6 " Legg
which are 7 ® ® &) " in the case fof gd°r -'t-%--f-i.-r-gﬁ-bei-ﬂ t¢hel| 8
nunber of faultyjcells in the same colum | 9 . {’ (R fapulty
cell and the secpnd bging the 10 nghber of fﬁﬁ‘lrty cellg in
the sanme row as [11 the fqulty cqljk:-anrd-« ;73
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2JL\ o 9(W)\'Hlj in the case of a colum, the first being 13 P. 904
the nunber of faulty cells in the sane row 14 as the
faulty cell and the second being the 15 nunber of faulty
cells in the sane colum 16 as the faulty cell; 17
b) assigning a priority to the cells in each row 18 and

colum, with the hi hest r.i 0 the cells with
t he | owest fldfegtecvé TS Hr‘?d W?\ioﬁ 4 gowg:’e veoa“‘reﬁuﬁﬁ%l“’é‘&eppg Réve the

same first va'lepe;reﬁebﬁlalloca ing redimdgsstelpmeors tir guidsg frentbmse with

the highest 22 gpe technl ae YakhBasZdy the spefd at WHiReh mBR.pyiority
of the hlghest each rqw .as thezgrlorlty of

r|or|t
that row and*f sl 58 mads’ 1fi ghbse ptry}eo t" cef ¥ Fhr®Ech EBFum as the
26 5 Muspr t:akes yadifarttiage odl the. factl -m any heowrsdttiott of

TNUf act Uri NQ.3cSERL CRUALCLAN PHRE Y= Ofnd chere afbaldBBatierghitbie Step

of selecting a row or c repl acenent Conprises separately
sel ecting t h@4gt Te repaififtst 35, pSrpty: Wiitadd *eAenPhé¥ priority col um
5 and thkewseé eciingdlvamsowndeh codntaing mbré hgadligherlls than

priority. . enj £ hor ,fpgory of 2
claim 13 mhe}éln tﬁgggﬁ%p g%’seréggaﬂHé€ xb%%;?e% Qﬂ?%ﬁ um W th the
hi gher ptfor 2t FeEBRPARS 2ol uns . 'I‘heay °r%or’r5p§r MH§Et e ‘?mlﬁal\}éﬂ HEeBf t he

hi ghest 5 as a prepPidaddilg s@abt yo catdudatedgchlloyatandecaldantt o 6

Pt ool GelegfR WMLRAN FalRY 8o PR luillckhnlae be repaized DECLOVES)

first val ue; tiple rows or colu have” Rl ghest 9
priority cel FSoRgvFAGURFAR SHEMERES: \VBPWRIET 0 even with the YSBECHFPE t he

row or col umiow phephecddfiiivst bilite force proceBEESItdry Haely sibl having
the highf§t %%ﬁpgge%gost processes %?&Hg"not repair all repairable
memories. _

Another technique for increasing the speed at which
memory repalirs can be made is described by Chin-Long Wey
and Fabrizio Lombardi in an article entitled, “On the

20 Repair of Redundant RAM’s,” IEEE Transactions on Computer-
Aided Design, Vol. CAD-6, No. 2, March 1987, In
particular, Wey and Lombardi describe algorithms for
repairing defective memory cells that have fast execution
times. However, the algorithms do not always resul:z in

25 optimal allocations of redundant elemants.

It would therefore be highly desirable if there were a
method to repailr memory cells which quickly found a way to
repair all the defects in the memory cell if such a repair
were possible.

30
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34N 3097 INOM M 5o 97/ 07459 | P. 005
PCT/ U896/ 12894 1 15. The nethod of claim 14 wherein the step of

selecting 2 the row or colum with the higher priority
additionally conprises: 4 a) when nmultiple rows or columms have
hi ghest 5 priority faulty cells having the sanme | owest 6
first value and highst second val ue; selecting 7 the row or

col umn whi ch ZSEREESSt KE FBWCREMIRYISGFugTures | of mindglpswiftth Bcher rows

or col ums handsfigndn deagth9(i.e. with thepmnimiminy afrguinkyt cabd masitdent he

| owest first .Y hig Q bue, . 16. The

nmet hod of cl a‘%con% fémacrildl iona %f%%%(rgl s%nggfﬁeé%c I&QXY% H ps?ceg)srl or to the
step of selecti ngpasr%\ﬁnérpéﬁf—lm% tie procegd f%dﬁﬁ:elseof’ glr.cl Q)

deter ][n n: :{s] WlelQiésr FOF aruhséc@@s 2l aegfchesauSImdse values dmoaldﬂwécmecont ain
nore faulty ce n ‘ a r edundant

col ums and asiefwoec?a |ng°g '?f}[fc'? seeg%evlt oreﬁlidtan#%?ig\%“veg £§ ecersdc’v?/s% and 8
b) det er m ni¥xgnhi BhecdFufhsliogist aouldepe aetqe yvith other  pecause they
contai n nor e detitdni 168kl Sméhey Ibpair processed hengcakfativdlpcated

redundant rovi&; nai':r]ndal process could be used without (r,c) logic.
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11 MAR -17 97 INCY) aPﬂBcating a redundant colum to those col unms. 1 17. A007
nmet hod of repairing a sem conductor nenory having a 2 plurality of

rows and columms of cells, organized into 3 segnents, each segnent
havi ng a uni que conbi nati on of 4 redundant rows and redundant

colums, with certain of 5 the cells in the nenory being faulty, the
nmet hod 6 conprising the steps of: 7 a) selecting a row by: 8

i) for a first $¥bpscisdctpBigl ¢is faulty cells, 9

assigningga fii,rst avakdBod Oo£atdhdidihy aC8bhidéhductor memory (110A)
represent%ng t he punber of auIL%npells in 1 he same

1 P
col um an@l co-|i nSAViGft R DRty of memory structiltes; ongupding FWs econd

val ue repdesenti ngnd columns of memory cells and redundant rog@® (2124,

yﬁ;9262;:§90f fau?#&sée??% ??ﬁ%ﬁﬂf égééAfoa}ﬁa)' COﬂ%;§@y§866%;&%§%ﬁ;13
co-linear3with th@fFauIty cell; 15 1) selecting the faulty
cell withethe | owast l@esting the memory tbi iGénvifweaulty cells i)
selecting! the faulty caPPltHaiteg s 2881 Hnd creating in 2 copblitte 12 1O
second -va®ue; 20 (114) ajxgpresemsating ehethofardsvarRilhg: t he sel ected
g b) assigning to selected cnes of the faulty cells
10 in the representation a first argument
11 representing the number of faulty cells in the
1 same row and a second argument represencting the
13 number of faulty cells in the same column as
14 that cell;
.15 c) prioritizing the faulty cells in the
16 representation based
17 i) primarily on one of either the first or
18 second arguments, with lower arguments
19 receiving a higher priority; and
20 il) secondarily on the other of the first or
21 second arguments, with larger arguments
22 receiving a higher priority;
23 d) selecting, based at least in part on the
24 assigned priority, a faulty cell;
25 e) allocating a redundant memory structure to
26 repair the selected faulty cell, the redundant
27 ' structure being a row when the argument used in
28 the step of primarily prioritizing represents
29 the number of faulty cells in the same column as
30 the selected faulty cell and the redundant
3L structure being a column when the argument used
32 in the step of primarily prioritizing represents
33 the numbexr of faulty cells in the same row as
34 the selected faulty cell.
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21 HAR. -17 9"‘MON)*6"J‘>faulty cell 22 b) sel ecting a colum by: 23 P. 008
1) for a second selected group of faulty 24 cells,
assigning a first value to each 25 faulty cel

representing the nunber of 26 faulty cells in the sanme row
and co-linear 27 with the faulty cell and a second val ue

28 representing the nunber of faulty cells in 29

the sanme dol dm arfhemathedapfnrialnm e aBlitionally comprisingaghey cell; 31
i) selegting thegfgud tof cell with the |owest 32 first

val ue, 33 i1ii) when multiple faulty cells haye the same 34
first valde, selecthng a4e¥Rg theceprrasaptagdon of the Zaulty cedil§y has
t he highegt second val ugi rmove faulcy cells reptheedlig the aldbdEmed

cont ai ni ng the 37 . sgLe faulty cell; 38 c)

: t :
selectlng%fron1the sel ect & ngmfgﬁaht%egéé ected 39 columm the
el enent h&ving a f@&ul t FRREQTIRGE Rteme D through e). | owest first val ue
and, when nultiple elenments 41 contains faulty cell with the

| owest first 42 - val . i t ngl, v, \ 1 18.
The net ho& of3 cl aiTr%e.Lf‘e\%é)PeF% igﬁae”{“ %sﬁm%%qgcﬁggsg_g) _&J‘&jéﬂoé%eof faulty
celI's and2the secompesdiedctogigroapfailey cells rematy elthe are not

i dentical 3 representation or all redundant rowsdand coclumns are
4 allocated.
1 4. The method of claim 2 wherein the step of allocating
2 comprises constructing in a computer memory a data
3 structure indicacing which memory structura of the
4 semiconductor memory being repaired are to be replaced
5 by redundant memcry structures.
1 5. The method of making a semiconductor memory using the
2 method of claim 4, and additicnally comprising the
3 steps of:
4 h} roviding the data structure to a repair station
5 (116), and
& i) physically altering the semiconductor memcry in
7 accordance with the replacement information irn
8 the data structure.
1L 6 ThHe method of claim 1 wherein the steps of claim 1 are
2 repeated for each region of the semiconductor memory.
1 7. The method of claim 1 wherein the step of assigming
2 arguments to selected faulty cells comprises
3 bl} identifying clusters (260, 262) of mutually,
4 exclusively collinear faulty cells, and
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V\o”épwe"zz?sé‘c“ 16:03 " PCT/US96/12894 1 19. P (09
The met hod of claim 18 wherein the first selected 2 group of faulty
cells conprises those faulty cells in 1 20. 1In a process of

manuf acturi ng a sem conduct or nenory 2 havi ng nunerous cells

organi zed into rows and colums 3 wi th redundant el ements organized

as rows and columms, 4 I n which the redundant rows and columms are

used to 55 r enh acgeliasting cal Ilsaa\yitt Bhe Ehest@maing akkegneidiod 6
conpr|3|ng the steps o ntlrﬁh eas grtlon of the

a.
faulty 8 celF%ue%tEPgﬁﬁﬁn&¥ € n tafeﬁgiFFﬁ as row groups
t hose whi €h contai n nocdusder. faulty cells in a row than there are
unassi gned 11 redundant col ums and selecting as colum groups

12 th whi f '
col umn t han Phergﬁﬁﬁe ?gﬁﬂid%§?5gﬂgfgi dgltlgh%giy cﬁ#?ﬁ??f?%lTﬁftﬁﬁ§pfoms of

faulty ceklsofi thin the 15 row groups and prioritizing the
col ums 16 I oups to select 17
03 ﬁi&ﬁir% F éa%hvmcipkgef f‘%#%] mugé

t he rom1or col um mnth R est assigning a
redundant4el enent to t RBAhFYREG Wﬂ?ther thé Cluﬁ#ﬁ«aﬁﬁ@ybﬁoﬁﬁmﬁhﬁ%iunn and

20 ) repeat i ngsshgpsnBy und1Quehced reh@sfEN rapat ber 21
included in a

redundant .el enent to f cells which are
row a colﬁnn to which gg#%%nﬁgaﬁFm?éon Y una{%gc%ﬁ%ﬁﬂgﬁfuﬁgan%een assi gned.
1 21. The nethod of €PaWMER0 afferein the groups of cells 2 conpri se

cl ulsters of taekbYnCehé s OF detebtindld elhster coRpeifag! usinvely
CO-11 near

9 L) when any of the clusters has a logic value
10 indicating it cannot be repaired with either
11 only unallocated redundant rows or only
12 unallocated redundant columns, selecting at
13 least one such cluster.
i 9. The method of claim 1 wherein the semiconductcr memory
2 is organized into at least one region (200) with each
3 region having a plurality of segments, each segment
4 containing memoery structures, and each segment having
5 agssociated with it redundant memcry structures, with
& the redundant memory structures associated with each
7 segment being associated with at least one other
8 segment in the region, additionally comprising the
9 step of
10 £)° assigning to each segmeat logic values
11 indicating whether the segment can be repaired
12 using only unallocated redundant rows or
13 repaired using only unallocated redundant
14 columns, and
15 wherein the step of selecting a faulty cell comprises
16 the step of
17 dl) when at least one of the segments has a logic
18 value indicating it cannot be repaired with
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1 J%? ?h@mﬁbﬂﬁdﬁ of claim 20 wherein thé groups of cells 2 conprfé)él6
cells within a segnent of the nenory. - 34- WO 97/ 07459
PCT/ US96/ 12894 1 23. The nmethod of claim20 wherein the groups of
cells 2 conprise cells in clusters of faulty cells which are 3
nmut ual Iy and excl usively co- Iinear 1 24. The nethod of claim23
wherein the groups of cells are copstrained to those cells in
cl ustersi®hich 3 eigfjer Weuﬁﬁ?-%o?%&ﬁ ¥ eABRARNT (FY'S 6 Pﬁi‘ﬁ there are
4 20 unassi gnethIleshatrddn redahddams clumee $alddningSa
cells i col um t hang 8 upassi - redundant rows,
when thgzrg is at |east %&r}:{f C%ﬁ& '/'H 83k AP Guch cFuster: 8 by are
in segnments which have nore faulty cells in 9 a row then there
are unassi gned redundant 10 colums or nore faulty cells in a
colum than 11 t here are unassi gned redundant rows, when there
n | east one such segnent. 13
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(57) Abstract

A process for manufacturing semiconductor memories which
includes a method of quickly and effectively identifying which
faulty memory cells are to be replaced by redundant memory
structures. Redundant rows and columns are assigned to replace
rows and colums with faulty celis in an iterative process. At each
pass, one row or column is identified for replacement. A row or
column is selected for replacement based on priorities assigned to
the faulty cells within the rows and columns. The highest priority
cell for a row is the one in a column with the fewest other faulty
cells. Where multiple cells have the same highest row priority, the
cell in a row with the most faulty cells is given a higher priority. A
dual measure is used for assigning column priorities to cells. Once
a highest priority row and column are identified, the single ¢lement
with the highest priority is identified. In cases where multiple
structures have the same highest priority, alternative criteria are
used to select a single element for replacement. Preprocessing
is used to focus, at each iteration, on the best faulty elements to
replace. One preprocessing technique is to constrain the choice for
replacement to faulty cells within certain clusters, which, based on
the distribution of failures will require either a row or column for
repair. Another preprocessing technique is to constrain the choice
for replacement to faulty cells within a2 segment which must use
either a row or column for repair. When the choice for replacement
in a group of faulty cells iz constrained to faulty cells which require
a redundant row or column for repair, only the priorities of the rows
or columns, respectively, in that group of cells are considered.




